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ABSTRACT

Background

Recruitment manoeuvres involve transient elevations in airway pressure applied during mechanical ventilation to open (‘recruit’)
collapsed lung units and increase the number of alveoli participating in tidal ventilation. Recruitment manoeuvres are often used to treat
patients in intensive care who have acute respiratory distress syndrome (ARDS), but the effect of this treatment on clinical outcomes has
not been well established. This systematic review is an update of a Cochrane review originally published in 2009.

Objectives

Our primary objective was to determine the effects of recruitment manoeuvres on mortality in adults with acute respiratory distress
syndrome.

Our secondary objective was to determine, in the same population, the effects of recruitment manoeuvres on oxygenation and adverse
events (e.g. rate of barotrauma).

Search methods

For this updated review, we searched the Cochrane Central Register of Controlled Trials (CENTRAL), MEDLINE (OVID), Embase (OVID), the
Cumulative Index to Nursing and Allied Health Literature (CINAHL, EBSCO), Latin American and Caribbean Health Sciences (LILACS) and
the International Standard Randomized Controlled Trial Number (ISRCTN) registry from inception to August 2016.

Selection criteria

We included randomized controlled trials (RCTs) of adults who were mechanically ventilated that compared recruitment manoeuvres
versus standard care for patients given a diagnosis of ARDS.

Data collection and analysis

Two review authors independently assessed trial quality and extracted data. We contacted study authors for additional information.

Recruitment manoeuvres for adults with acute respiratory distress syndrome receiving mechanical ventilation (Review) 1
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Main results

Ten trials met the inclusion criteria for this review (n = 1658 participants). We found five trials to be at low risk of bias and five to be at
moderate risk of bias. Six of the trials included recruitment manoeuvres as part of an open lung ventilation strategy that was different from
control ventilation in aspects other than the recruitment manoeuvre (such as mode of ventilation, higher positive end-expiratory pressure
(PEEP) titration and lower tidal volume or plateau pressure). Six studies reported mortality outcomes. Pooled data from five trials (1370
participants) showed a reduction in intensive care unit (ICU) mortality (risk ratio (RR) 0.83, 95% confidence interval (Cl) 0.72 to 0.97, P =
0.02, low-quality evidence), pooled data from five trials (1450 participants) showed no difference in 28-day mortality (RR 0.86, 95% CI 0.74
to 1.01, P = 0.06, low-quality evidence) and pooled data from four trials (1313 participants) showed no difference in in-hospital mortality
(RR 0.88,95% CI 0.77 to 1.01, P = 0.07, low-quality evidence). Data revealed no differences in risk of barotrauma (RR 1.09, 95% Cl 0.78 to
1.53, P =0.60, seven studies, 1508 participants, moderate-quality evidence).

Authors' conclusions

We identified significant clinical heterogeneity in the 10 included trials. Results are based upon the findings of several (five) trials that
included an "open lung ventilation strategy", whereby the intervention group differed from the control group in aspects other than the
recruitment manoeuvre (including co-interventions such as higher PEEP, different modes of ventilation and higher plateau pressure),
making interpretation of the results difficult. A ventilation strategy that included recruitment manoeuvres in participants with ARDS
reduced intensive care unit mortality without increasing the risk of barotrauma but had no effect on 28-day and hospital mortality. We
downgraded the quality of the evidence to low, as most of the included trials provided co-interventions as part of an open lung ventilation
strategy, and this might have influenced results of the outcome.

PLAIN LANGUAGE SUMMARY

Recruitment manoeuvres as a ventilation strategy for adults with acute respiratory failure due to lung injury

Background: Acute respiratory failure is a common condition amongst adults admitted to intensive care units (ICUs) worldwide. Although
respiratory failure has many causes, it may be due to a condition known as acute respiratory distress syndrome (ARDS). This term describes
acondition in which both of the lungs have become injured and inflamed from one of various causes, and they do not work as they normally
would to provide oxygen to and remove carbon dioxide from the body. This leads to a reduced amount of oxygen in the blood. Patients
may require connection to a ventilator (breathing machine) to support their breathing. This therapy is known as mechanical ventilation.
Supportive care with mechanical ventilation is an important pillar of standard treatment for patients with ARDS.

Although it may be life-saving, mechanical ventilation may further contribute to lung injury by expanding and collapsing the lungs or
overstretching lung tissue. To minimize damage to injured lungs, smaller volumes of air at lower pressures have been used in conjunction
with a positive opening pressure at the end of expiration (PEEP). This ventilation strategy has been shown to shorten the time that patients
require mechanical ventilation while improving survival; it has been adopted as standard care for patients with ARDS who are in intensive
care.

Along with this strategy, additional ventilation techniques have been developed. One such technique is known as a recruitment
manoeuvre; when combined with higher PEEP, it is called the open lung ventilation strategy. A recruitment manoeuvre uses sustained
deep breaths to assist in the recruitment - or re-opening - of collapsed lung units. This may increase the number of lung units available for
breathing and may improve patient outcomes. Effects of recruitment manoeuvres have not been well established.

Search date: Evidence is current to August 2016.

Study characteristics: We included 10 trials in this review, which included a total of 1658 participants with acute respiratory distress
syndrome.

Key results: Low-quality evidence suggests that recruitment manoeuvres improve ICU survival but not 28-day or hospital survival.
Recruitment manoeuvres have no effect on the risk of air leakage from the lungs.

Quality of the evidence: We found the evidence for most outcomes to be of low to moderate quality, primarily because of the design of
included trials. Many trials used the recruitment manoeuvre in conjunction with other ventilation techniques or strategies, and this might
have influenced outcomes. Caution should be applied when conclusions are drawn about the effectiveness of the recruitment manoeuvre
alone.

Recruitment manoeuvres for adults with acute respiratory distress syndrome receiving mechanical ventilation (Review) 2
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SUMMARY OF FINDINGS

Summary of findings for the main comparison.

Recruitment manoeuvres compared with standard care for adults with acute respiratory distress syndrome who were mechanically ventilated

Patient or population: mechanically ventilated adults with acute respiratory distress syndrome. Participants were recruited from ICUs internationally, including Australia,
Brazil, China, Europe, Canada, Korea, Seoul, Taiwan and the United States.

Settings: intensive care unit

Intervention: recruitment manoeuvres

Comparison: standard care

Outcomes Illustrative comparative risks* (95% Cl) Relative effect = Number of par- Quality of the Comments
(95% Cl) ticipants evidence
Assumed risk Corresponding risk (studies) (GRADE)
Control Intervention
28-Day mortal-  Risk for the population RR0.86 (0.74to 1450 ) Four of the 5 trials include co-interventions that
ity 1.01) (5 studies) Lowd may influence the result of the outcome.
347 per 1000 294 per 1000
ICU mortality Risk for the population RR0.83(0.72to 1370 BDOO Four of the 5 trials include co-interventions that
0.97) (5 studies) Low? may influence the result of the outcome.
362 per 1000 303 per 1000
In-hospital Risk for the population RR0.88 (0.77to 1313 PO Three of the 4 trials include co-interventions
mortality 1.01) (4 studies) Lowd that may influence the result of the outcome.
405 per 1000 356 per 1000
Rate of baro- Risk for the population RR1.09(0.78to 1508 DDDO
trauma 1.51) (7 studies) Moderateb

90 per 1000 86 per 1000

*The basis for the assumed risk (e.g. 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.
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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.

dLung recruitment manoeuvres were used with co-interventions that may affect the result of the outcome (Hodgson 2011; Meade 2008; Huh 2009; Kacmarek 2016; Liu 2011). We
downgraded the quality of the evidence by two levels for indirectness of evidence. We made this decision a priori.

bwe noted no heterogeneity among trial effect estimates but observed that reported confidence intervals around effect estimates were wide. We downgraded the quality of the
evidence by one level for imprecision in results.
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BACKGROUND

Description of the condition

Acute respiratory distress syndrome (ARDS) is an inflammatory
condition of the lung parenchyma that causes impaired gas
exchange (ARDS Definition Task Force 2012). According to the Berlin
definition, each stage of mild, moderate and severe ARDS are
associated with increasing mortality (ARDS Definition Task Force
2012). Patients with ARDS present with bilateral lung infiltrates
on chest radiograph and hypoxaemia with concomitant systemic
inflammatory mediator release, frequently causing multiple organ
failure and death (Gattinoni 2006). In a recent international, multi-
centre observational study, ARDS accounted for 10.4% of all
intensive care unit (ICU) beds, with a mortality rate of 34.9% for mild
ARDS, 40.3% for moderate ARDS and 46.1% for severe ARDS (Bellani
etal, 2016).

Description of the intervention

Patients with ARDS in the ICU may require mechanical ventilation
to survive (Amato 1998; ARDS Definition Task Force 2012; Sevransky
2004). However, mechanical ventilation can injure lungs through
alveolar distension, cyclical collapse and reopening of alveolar
units and failure to expand collapsed alveolar units (Gattinoni
2006). To minimize damage to injured lungs, small ventilatory tidal
volumes and low plateau pressures have been used. Additionally,
higher positive end-expiratory pressure (PEEP) reduces collapse of
alveoli at the end of expiration and decreases atelectrauma (Briel
2010). These techniques when combined are known as protective
lung ventilation; they may reduce mortality and the duration of
mechanical ventilation (Amato 1998; ARDSnet 2000) and have
become standard care.

Recruitment manoeuvres (RMs) have been used in the ventilatory
treatment of patients with ARDS (Fan 2008). Recruitment
manoeuvres re-inflate collapsed regions of the lungs by briefly
raising intrapulmonary pressure to levels higher than those
achieved during tidal ventilation (Brower 2003). They may
be used intermittently throughout the day, or on a single
occasion, to re-inflate collapsed alveoli. A variety of RMs have
been described, including prolonged continuous positive airway
pressure (30 to 40 cm H,0) and stepwise or staircase RMs,
which are based on progressive incremental increases in PEEP at
constant driving pressure. Recruitment manoeuvres (usually) are
associated with short-term physiological benefits such as reduced
intrapulmonary shunt and increased pulmonary compliance. They
remain controversial because they may be harmful (Fan 2008).
Recruitment manoeuvres increase intrathoracic pressure and can
transiently reduce venous return and cardiac output (Odenstedt
2005). The increase in intrapulmonary pressure that results may
cause barotrauma (Brower 2003; Levy 2005).

How the intervention might work

Use of a ventilation strategy that included recruitment manoeuvres
and higher positive end-expiratory pressure based on the pressure-
volume curve, which was higher than in the control group,
improved survival in patients with acute respiratory distress
syndrome (Amato 1998). Recruitment manoeuvres have been
investigated in animal models (Funk 2004; Lim 2004) and in
ventilated patients (Amato 1998; Brower 2003; Levy 2005) with

variable outcomes. The reason for variability in response is not well
understood.

Why it is important to do this review

This is an update of a Cochrane review that was first published
in 2009 (Hodgson 2009). We have included eight new trials
in this updated version (Cavalcanti et al, 2013; Hodgson 2011,
Huh 2009; Kacmarek 2016; Liu 2011; Wang 2009; Xi 2010; Yang
2011). Techniques used to apply a recruitment manoeuvre vary
in duration, maximum pressure and end-expiratory pressure (Fan
2008; Suzumura 2014). This variation has made it difficult to
extrapolate research findings to clinical practice. Effects of a
recruitment manoeuvre may vary with the cause of lung injury
(Borges 2006; Brower 2003; Kacmarek 2007). A small number
of papers have reported reviews on the safety and efficacy of
recruitment manoeuvres in ventilated patients (Fan 2008; Fan
2012; Lapinsky 2005; Piacentini 2004; Richard 2004), including a
recent meta-analysis (Suzumura 2014) and a Scandanavian clinical
practice guideline for managing mechanical ventilation for patients
with ARDS (Laake et al, 2015).

OBJECTIVES

Our primary objective was to determine the effects of recruitment
manoeuvres on mortality in adults with acute respiratory distress
syndrome.

Our secondary objective was to determine, in the same population,
the effects of recruitment manoeuvres on oxygenation and adverse
events (e.g. rate of barotrauma).

METHODS

Criteria for considering studies for this review
Types of studies

We included prospective, randomized controlled trials (RCTs).

In this updated review, we excluded cross-over trials, as they are
not appropriate for assessing the primary outcome (mortality).

Types of participants

We included adults (at least 18 years of age) with acute respiratory
distress (ARDS Definition Task Force 2012; Bernard 1994) who were
intubated and mechanically ventilated in intensive care for at least
24 hours.

We excluded studies that enrolled children younger than 18 years
of age or animals.

Types of interventions

We included RCTs that compared recruitment manoeuvres versus
standard care. We defined a recruitment manoeuvre as any
technique that transiently increased alveolar pressure above
normal tidal ventilation (which may have included an increase in
any pressure, such as plateau, peak or end-expiratory pressure)
and sustained that pressure beyond the normal time. We defined
standard care as protective lung ventilation including tidal volume
and pressure limitation (ARDSnet 2000) without recruitment
manoeuvres. We excluded any trial that did not use standard care
ventilation, as the ventilation strategy in the control group may
have caused a difference in outcomes.

Recruitment manoeuvres for adults with acute respiratory distress syndrome receiving mechanical ventilation (Review) 5
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Types of outcome measures
Primary outcomes

We included trials that reported the primary outcome of mortality
(28-day mortality, ICU mortality and in-hospital mortality).

Secondary outcomes

Weincluded trials that reported the following secondary outcomes.

1. Barotrauma.

2. Hypoxaemia requiring use of rescue therapies.

3. Oxygenation (partial pressure of oxygen (PaO,)/fraction of
inspired oxygen (FiO, ratio).

In this version of the review, we excluded:

1. blood pressure as an outcome measure (as it was considered to
be a transient outcome measure that was not measured beyond
the first day); and

2. length of stay in ICU and in hospital, as these were not reported
separately for survivors and non-survivors.

Search methods for identification of studies
Electronic searches

We updated our previous search of the Cochrane Central Register
of Controlled Trials (CENTRAL), MEDLINE (OVID), Embase (OVID),
the Cumulative Index to Nursing and Allied Health Literature
(CINAHL, EBSCO), Latin American and Caribbean Health Sciences
(LILACS) and the International Standard Randomized Controlled
Trial Number (ISRCTN) registry, from inception to August 2016.

We adapted our MEDLINE search strategy for use with other
electronic databases. Our search strategies can be found in the
appendices (MEDLINE, Appendix 1; CINAHL, Appendix 2; CENTRAL,
Appendix 3; EMBASE, Appendix 4; LILACS, Appendix 5).

Searching other resources

We handsearched the bibliographies of all retrieved articles to
identify potentially relevant trials.

We applied no language restrictions.

We attempted to identify unpublished trials by contacting experts
in the field of recruitment manoeuvre research.

We tracked the citations of authors of included studies.

Data collection and analysis
Selection of studies

We (CH, SB, EG) independently and sequentially excluded studies
by reading titles, abstracts, then full papers. We resolved
disagreements by discussion.

Data extraction and management

We (CH, SB, EG, MY) independently extracted relevant
data from included trials. We extracted study location,
population description, intervention description, intervention
dosage (frequency, intensity, repetition, duration), hospital
environment and participant and hospital outcome data. We

resolved disagreements by discussion. When information regarding
the outcomes of interest was inadequate, we contacted the study
authors directly (via email).

We planned to include funnel plots for any analyses that
contained at least five studies. Funnel plot asymmetry may be
caused by selection bias (publication or location bias); poor
methodological quality of smaller studies (design, analysis, fraud);
true heterogeneity (variation in effect size); and artefact or chance
(Egger 1997). We performed a meta-analysis by using Cochrane
Review Manager software (RevMan 5.3).

Assessment of risk of bias in included studies

We appraised each included study according to the criteria
described below (CH, EG, MY).

Under the following criteria, the response ’Yes’ indicates low risk
of bias, ’No’ represents high risk of bias and ’Unclear’ means that
insufficient information was available to permit a judgement.

Adequacy of the sequence generation (randomization)

Yes: Adequate sequence generation was reported via computer-
generated random numbers or codes or sealed envelopes.

No: Inadequate sequence generation was reported.

Unclear: Investigators did not describe one of the adequate
methods but mentioned randomization.

Adequacy of allocation concealment

Yes: A randomization method was described that would not allow
aninvestigator or a participant to know orinfluence allocation to an
intervention group before an eligible participant entered the study.

No:Aninadequate method of allocation was used, such as alternate
medical record numbers or unsealed envelopes; or information in
the study report indicated that investigators or participants were
aware of group allocation before enrolment.

Unclear: The trial report mentioned randomization but provided
no information on the method used, or study authors reported a
method that was not clearly adequate.

Blinding of participants

We graded this item as ’Yes’ for blinded participants, 'Unclear’ if
relevant information was not stated in the trial report and 'No’ for
unblinded participants.

Blinding of outcome assessors

We graded this item as ’Yes’ for blinded outcome assessment,
’Unclear’ if relevant information was not stated in the trial report
and ’No’ for unblinded outcome assessment.

Free of other sources of bias

Yes (low risk of bias): The trial appears to be free of other
components that could put it at risk of bias.

No (high risk of bias): Other factors in the trial could put it at risk
of bias, such as inadequate size calculation, early stopping or an
extreme baseline imbalance.

Recruitment manoeuvres for adults with acute respiratory distress syndrome receiving mechanical ventilation (Review) 6
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Measures of treatment effect
Data analysis
Dichotomous data

We calculated the risk ratio (RR) and absolute risk reduction (ARR),
aswell as associated 95% confidence intervals (Cls). When possible,
we calculated and reported the number needed to treat for one
patient to benefit compared with a control (NNTB).

Continuous data

We calculated the mean difference (MD) and the associated 95% Cl.
We used the standardized mean difference (SMD) for data that we
could not convert to a uniform scale.

We pooled data using the random-effects model or the fixed-
effect model, depending on the presence or absence of statistical
heterogeneity.

Unit of analysis issues

The unit of analysis was the individual.

We did not include studies with a cross-over design because this
study design was not appropriate for this research question.

Dealing with missing data

We reported incomplete outcome data in the following ways.

Incomplete outcome data

Yes: Numbers of withdrawals per group were reported, with reasons
provided; or it was clear from the report that no withdrawals
occurred.

No: Some withdrawals were evident, but numbers per group and
reasons were not provided.

Incomplete outcome data addressed (use of intention-to- treat
(ITT) analysis)

We defined ITT analysis as analysis conducted when all trial
participants were analysed in the group to which they had been
randomized, regardless of which (or how much) treatment they
actually received, and regardless of other protocol irregularities,
such as ineligibility.

Yes: The trial report stated that ITT was undertaken and this was
confirmed on study assessment, or it was not stated but was
evident from study assessment that ITT was undertaken.

No: Intention-to-treat analysis was not confirmed on study
assessment (participants who were randomized were not included
in the analysis because they did not receive the study intervention,
they withdrew from the study or they had committed a protocol
violation), regardless of whether the analysis was described as ITT.

Assessment of heterogeneity
Clinical and statistical heterogeneity

We used the term 'clinical heterogeneity' to describe differences
between participants, interventions and outcomes that might
reasonably impact the effect of recruitment manoeuvres. We
measured statistical heterogeneity by using the 12 statistic (Higgins
2002), which describes the percentage of variability in effect

estimates thatis due to heterogeneity rather than to sampling error
or chance. We considered a value greater than 50% to indicate
that an outcome was significantly heterogeneous. In the absence
of clinical heterogeneity, we pooled studies on a case-by-case
basis. We assessed the interaction of study variables with effects
of recruitment manoeuvres in predefined sensitivity and subgroup
analyses.

Assessment of reporting biases

Reporting bias refers to systematic differences between reported
and unreported findings. We planned to contact trial authors to
request missing data. We extracted data regarding intention-to-
treat. analysis. If study authors did not perform ITT analysis, and if
less than 20% of participants were lost to follow-up, but sufficient
raw data were available, we planned to conduct an ITT analysis
before entering data into RevMan 5.3.

We planned to use funnel plot analysis to assess publication bias
when more than five studies were included in the meta-analysis,
and to use the Egger test to assess funnel plot asymmetry (Egger
1997). A thorough search of grey literature for unpublished studies
and contact with known experts in the field assisted review authors
in reducing the risk of publication bias.

Data synthesis

We carried out statistical analysis using Review Manager software.
One review author (CH) entered data into Review Manager 5.3,
and a second review author (MY) checked these data for accuracy
(RevMan 5.3). If the outcome of heterogeneity was low, as indicated
by an I? statistic less than 50%, we planned to use the fixed-effect
model to synthesize results. If heterogeneity was moderate or high,
as indicated by an I? statistic greater than 50%, we planned to use
the random-effects model to synthesize results, or to refrain from
pooling, and we restricted the analysis to a qualitative overview
when I? statistical values were above 60%.

Subgroup analysis and investigation of heterogeneity
Subgroup analysis

We planned to assess the interaction between cause of lung injury
(intrapulmonary vs extrapulmonary) (Richard 2004) and effects of
recruitment manoeuvres.

We planned to assess the interaction between type of recruitment
manoeuvre and effect, while dichotomising studies according to
the following definitions.

1. A manoeuvre that included a plateau pressure of 40 cm H,0 or
higher that was sustained for 40 seconds or longer and had a
PEEP after the manoeuvre of at least 15 cm H,0, with a plan
to repeat or actual repetition of the recruitment manoeuvre
(Hedenstierna 2002).

2. All other recruitment manoeuvres.

Sensitivity analysis

We aimed to determine whether conclusions were robust with
regards to decisions made during the review process, such as
inclusion/exclusion of particular studies. We pooled all studies
for analysis, then performed a sensitivity analysis excluding
studies that used co-interventions that may have influenced study
outcomes.

Recruitment manoeuvres for adults with acute respiratory distress syndrome receiving mechanical ventilation (Review) 7
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Summary of findings table and GRADE

We used the principles of the GRADE system to assess the quality
of the body of evidence associated with specific outcomes in
our review, and we constructed Summary of findings for the
main comparison by using GRADEpro software (Guyatt 2008). We
included these specific outcomes in the table.

28-Day mortality.
ICU mortality.
In-hospital mortality.
Barotrauma.

W

The GRADE approach appraises the quality of a body of evidence
on the basis of the extent to which one can be confident that
an estimate of effect or association reflects the item assessed.
Assessment of the quality of a body of evidence considers within-

Figure 1. Study flow diagram.29

study risk of bias (methodological quality), directness of the
evidence, heterogeneity of the data, precision of effect estimates
and risk of publication bias. A priori, we agreed to lower the GRADE
assessment of evidence if the results of studies may have been
influenced by co-interventions.

RESULTS

Description of studies
Results of the search

We initially identified 26,255 citations through database searches,
manual searches, citation review and contact with experts (Figure
1). After screening by title and then abstract, we obtained full-text
articles for 29 citations and two abstracts that were potentially
eligible for inclusion in the review. We excluded 18 of these for
reasons described in the Characteristics of excluded studies table.

26,245 records identified through database searching
MEDLINE 8,586
CENTRAL 2 681

10 additional records identified through aother sources
8 Conference proceedings

2 Abstracts sent from authors

CINAHL 1,710
Embase 12,912
LILACS 356
|25,255 total records identified |_.. 3,397 duplicates were remaoved ‘
|22,858 of recards screened ‘4_| 22,827 of records excluded ‘
29 of full text-articles :v?thufr;:';;i:t articles excluded,
assessed for eligibility
2 abstract reviews (unable to 1 abstract awaﬁmg cl_assmcatmn
obtain full-text article) {not enough infarmation from the
’ abstract and unable to obtain a
full-text article)
12 of studies included in the . .
) 2 of studies angoing
review .
10 studies were included in qualitative synthesis
9 - full-text articles
1 - abstract
Recruitment manoeuvres for adults with acute respiratory distress syndrome receiving mechanical ventilation (Review) 8

Copyright © 2018 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



Trusted evidence.
Informed decisions.
Better health.

= § Cochrane
é) Library

Cochrane Database of Systematic Reviews

Included studies

We included in our review 10 trials (Cavalcanti et al, 2013;
Hodgson 2011; Huh 2009; Kacmarek 2016; Liu 2011; Meade 2008;
Oczenski 2004; Wang 2009; Xi 2010; Yang 2011) that enrolled 1658
participants. The number of participants in each study varied from
20 in a pilot RCT (Hodgson 2011) to 983 in a Phase Il multi-
centre RCT (Meade 2008). All trials included participants with acute
respiratory distress syndrome (ARDS). Most used the definition
of ARDS provided by the North American-European Consensus
Conference (NAECC) (Bernard 1994). Two trials used the NAECC
definition but included patients with a ratio of partial pressure of
arterial oxygen to fraction of inspired oxygen (PaO,/FiO,) less than
250 (Liu 2011; Meade 2008). For full details of the 10 included trials,
see the Characteristics of included studies table.

The included trials fell broadly into two groups.

1. Effects of open lung ventilation (which included co-
interventions such as differences in mode of ventilation and
titration of PEEP, as well as recruitment manoeuvres) compared
with standard care (Cavalcanti et al, 2013; Hodgson 2011,
Huh 2009; Kacmarek 2016; Liu 2011; Meade 2008). Participants
were allocated to the treatment group (open lung ventilation
including a recruitment manoeuvre) or to a control group
(standard care that did not include recruitment manoeuvres).
Outcome measures included mortality, oxygenation and
hypoxaemia requiring use of rescue therapies and barotrauma.

2. Effect of recruitment manoeuvres alone (treatment and control
groups received the same mode of ventilation and PEEP).

Participants were allocated to receive a recruitment manoeuvre
or to not receive an RM (Oczenski 2004; Xi 2010; Wang 2009;
Yang 2011), and other variables were held constant (mode of
ventilation, PEEP).

Recruitment manoeuvres varied between trials (Table 1). Four trials
used a staircase or stepwise increment in PEEP (Cavalcanti et al,
2013; Hodgson 2011; Huh 2009; Kacmarek 2016) to a maximum
peak pressure of 55 to 60 cm H,0, and four trials used an increase
in PEEP to a set pressure (40 to 50 cm H,0) for a short time (30
to 40 seconds) (Meade 2008; Oczenski 2004; Xi 2010; Yang 2011).
Two trials did not provide details of the recruitment manoeuvre (Liu
2011; Wang 2009).

Outcome measures varied (Table 2). Five trials assessed mortality
at 28 days (Huh 2009; Kacmarek 2016; Liu 2011; Meade 2008; Xi
2010) (Figure 2); five trials assessed mortality at intensive care
discharge (Hodgson 2011; Huh 2009; Kacmarek 2016; Meade 2008;
Xi 2010) (Figure 3); and four in-hospital (Hodgson 2011; Kacmarek
2016; Meade 2008; Xi 2010). Mortality was also reported during
mechanical ventilation (Meade 2008). Eight trials reported the rate
of radiological evidence of barotrauma (Cavalcanti et al, 2013;
Hodgson 2011; Huh 2009; Kacmarek 2016; Liu 2011; Meade 2008;
Xi 2010; Yang 2011). Three trials reported severe hypoxaemia
requiring the use of rescue therapies (Hodgson 2011; Huh 2009;
Meade 2008), and six trials reported changes in oxygenation (PaO,/
FiO, ratio) at 24 hours or at 48 hours (Cavalcanti et al, 2013;
Hodgson 2011; Huh 2009; Meade 2008; Wang 2009; Xi 2010).

Figure 2. Forest plot of comparison: 1 Recruitment manoeuvres versus no recruitment manoeuvres, outcome: 1.1
28-Day mortality.

Intervention Control Risk Ratio Risk Ratio
Study or Subgroup  Bvents Total Bvents Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
1.1.1 Open lung ventilation including recruitment manoeiwnres
Huh 2009 12 a0 q 27 4.0% 1.20[0.60, 2.35] ]
Kacmarek 2016 22 EL] 27 101 11.3% 0.83[0.51, 1.36] —_— 1
Liu 2011 14 an 17 an T.2% 0.82[0.46, 1.48] —_— T
Meade 2008 135 474 164 508 67.2% 0.88[0.73, 1.08] -
Subtotal (95% CI) 654 686 89.8%  0.BB[0.75, 1.04] L
Total events 183 an
Heterogeneity: Chi*= 087, df=3{FP=083, F=0%
Testfor overall effect. Z=147 (P=0.14)
1.1.2 Recruitment manoeunres
®i2010 16 a4 24 a5 10.2% 067 [0.40,1.11] —
Subtotal (95% CI) 55 55 10.2%  0.67 [0.40, 1.11] —eagfiiiEe-
Total events 16 24
Heterageneaity: Mot applicahle
Testfor overall effect Z=1 486 (F=012)
Total (95% CI) 709 741 100.0%  0.86 [0.74, 1.01] %
Total events 199 241
Heterogeneity; Chi=1.95 df=4 (P=0.75 F= 0% |:|=2 D=5 % é
Testior overall effec_t: Z=188(F :_ 0.08) Favours intervention Favours control
Testfor subgroup differences: Chi*=1.06, df=1{F= 0301, F=59%
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Figure 3. Forest plot of comparison: 1 Recruitment manoeuvres versus no recruitment manoeuvres, outcome: 1.7

ICU mortality.

Intervention Control Risk Ratio Risk Ratio
Study or Subgroup  Bvents Total Bwvents Total Weight M-H, Fixed, 95% CI M-H, Fixed, 95% CI
1.2.1 Open lung ventilation including recruitment manoeiwnvres
Hodgson 2011 3 10 2 10 0.8% 1.501[0.32, 7.14] —
Huh 2009 14 an 13 27 5.6% 0.97 [0.56, 1.68] T
kKacmarek 2018 25 a9 n o101 121% 0.85[0.54,1.34] T
Meade 2008 145 475 178 508 B9.58% 0.87[0.73,1.04] ’
Subtotal (95% CI) 614 646 88.2%  0.88[0.75, 1.03]
Total events 187 223
Heterogeneity: Chi*= 060, df=3 (P=090), F= 0%
Testfor overall effect Z=1487 (P=012)
1.2.2 Recruitment mancewnres
Hi2010 18 a5 29 a5 11.8% 0.62[0.39, 0.98] =
Subtotal (95% CI) 55 55 11.8%  0.62[0.39, 0.98] <
Total events 18 24
Heterogeneity: Mot applicable
Test for overall effect: £= 2.06 (F = 0.04)
Total (95% CI) 669 701 100.0%  0.85[0.73, 0.99] L ]
Total events 205 252
Heterageneity; Chi®= 2.64, df=4 (P = 0.2 F= 0% IIZI o1 DI1 150 1DEI=

Testfor overall effect. 2= 212 (P =0.03)

Testfor subgroup diferences: Chif= 202, df=1 (F=0.15) F= 506%

Awaiting classification

One study is awaiting classification (Wang 2007), as the full article
was written in Mandarin and we were unable to contact the study
author or the journal for further information. For details, see
Characteristics of studies awaiting classification.

Ongoing studies

Two studies are ongoing (ART STudy Investigators; PHARLAP Group
Investigators); see Characteristics of ongoing studies for details.

Excluded studies

We excluded from the review 18 full-text articles (Amato 1995;
Amato 1998; Barker 2002; Bollen 2005; Brower 2003; Constantin

Favours intervention  Favours control

2010; Derdak 2002; Dolinay 2011; Dyhr 2003; Foti 2000; Gattinoni
2006; Holzapfel 1987; Hurst 1990; Lasocki 2005; Lim 2003;
Lowhagen 2011; Meade 2002; Stewart 2002) (Figure 1). For details
of excluded trials, see the Characteristics of excluded studies table.

Risk of bias in included studies

The 10 trialsincluded in this systematic review had low to moderate
risk of bias (Figure 4). Five trials demonstrated low risk of bias
(Cavalcantietal, 2013; Hodgson 2011; Kacmarek 2016; Meade 2008;
Oczenski 2004), and five demonstrated moderate risk (Huh 2009;
Liu 2011; Wang 2009; Xi 2010; Yang 2011) (Figure 5).
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Figure 4. Risk of bias graph: review authors' judgements about each risk of bias item presented as percentages
across all included studies.
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Figure 5. Risk of bias summary: review authors' judgements about each risk of bias item for each included study.
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Yang 2011 @ > ?
Allocation table). One trial reported a programming error in the allocation

procedure that occurred late in the study and disrupted specific
randomization blocks; this may have accounted for modest
baselineimbalancesin age and presence of sepsis (Meade 2008). We

Five trials (Cavalcanti et al, 2013; Hodgson 2011; Kacmarek
2016; Meade 2008; Xi 2010) clearly used adequate randomization
and allocation schemes (see Characteristics of included studies
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addressed this by performing secondary analysis with adjustments
for age, sepsis, acute physiology and duration of hospitalization.

Blinding

The intervention did not allow investigators or bedside staff to be
blinded to group allocation. We assumed that participants were
unaware of group allocation because they were critically ill, and
consent for participation in the study was gained from the next of
kin. No trials described blinding of the outcome assessor, and one
trial described the data analysis as blinded (Meade 2008).

Incomplete outcome data

All trials completely reported mortality, except one trial, which
excluded 15 participants for failure to follow the study protocol -
threein the control group and 12 in the intervention group - and did
not analyse these participants as intention-to-treat (Xi 2010).

Selective reporting

One trial excluded 15 participants for failure to follow the study
protocol - three in the control group and 12 in the intervention
group - and did not analyse these participants as intention-to-treat
(Xi 2010).

Other potential sources of bias

We observed significant clinical heterogeneity. Recruitment
manoeuvres varied between trials in terms of maximum pressure
achieved, duration of maximum pressure, mode of delivery and
PEEP afterthe recruitment manoeuvre (Table 1). Five trialsincluded
recruitment manoeuvres as part of an open lung ventilation
strategy that was different from the control ventilation in aspects
other than the recruitment manoeuvre (such as PEEP titration)
(Hodgson 2011; Huh 2009; Kacmarek 2016; Liu 2011; Meade 2008).

Effects of interventions

See: Summary of findings for the main comparison

Primary outcome: mortality

One trial assessed effects of recruitment manoeuvres alone on the
primary outcome of mortality (Xi 2010). This trial had a moderate
risk of bias and did not use intention-to-treat analysis (Analysis 1.1).

Five trials assessed effects of open lung ventilation that included
recruitment manoeuvres (along with other co-interventions such
as differences in PEEP) and reported primary outcomes (Hodgson
2011; Huh 2009; Kacmarek 2016; Liu 2011; Meade 2008) (see Table
2). As these trials were randomized controlled trials that included
recruitment manoeuvres, we have provided the results below, but
we acknowledge that effects of recruitment manoeuvres cannot
be isolated from co-interventions of the open lung ventilation
strategy, as outlined in the discussion (Analysis 1.1). For this reason,
we downgraded mortality outcomes from high to low quality.

28-Day mortality

Analysis 1.1: Huh 2009, Kacmarek 2016, Liu 2011, Meade 2008 and Xi
2010 examined 28-day mortality (five trials; N = 1450). We used the
fixed-effect model to pool data from these trials, as the funnel plot
demonstrated minimal asymmetry (12 = 0%). Ventilatory strategies
that included recruitment manoeuvres did not appear to reduce
28-day mortality (RR 0.86, 95% CI 0.74 to 1.01, P = 0.06) (Figure
2). Effects on 28-day mortality were not different for trials of open

lung ventilation that included recruitment manoeuvres (Huh 2009;
Kacmarek 2016; Liu 2011; Meade 2008) compared with the one trial
that provided recruitment manoeuvres alone (Xi 2010).

ICU mortality

Analysis 1.2: Hodgson 2011, Huh 2009, Kacmarek 2016, Meade 2008
and Xi 2010 examined ICU mortality (five trials; N = 1370). We used
the fixed-effect model to pool data from these trials, as the funnel
plot demonstrated minimal asymmetry (12 = 0%). Recruitment
manoeuvres significantly reduced mortality in intensive care (RR
0.83,95% C10.72t00.97,P=0.02) (Figure 3). Effects on ICU mortality
were different for trials of open lung ventilation that included
recruitment manoeuvres (RR 0.86, 95% CI 0.74 to 1.01, P = 0.07)
(Huh 2009; Kacmarek 2016; Liu 2011; Meade 2008) compared with
the one trial that provided recruitment manoeuvres alone (RR 0.62,
95% Cl 0.39 to 0.98, P = 0.04) (Xi 2010).

In-hospital mortality

Analysis 1.3: Hodgson 2011, Kacmarek 2016, Meade 2008 and
Xi 2010 examined in-hospital mortality (four studies; N = 1313).
We used the fixed-effect model to pool data from these trials,
as the funnel plot demonstrated minimal asymmetry (12 = 0%).
Recruitment manoeuvres did not reduce mortality in-hospital (RR
0.88, 95% Cl 0.77 to 1.01, P = 0.07). Effects on hospital mortality
were not different for trials of open lung ventilation that included
recruitment manoeuvres (Huh 2009; Kacmarek 2016; Liu 2011;
Meade 2008) compared with the one trial that provided recruitment
manoeuvres alone (Xi 2010).

Secondary outcomes

Many of the secondary outcomes described in this section
were measured at different time points. When possible, we
pooled results based on outcomes with similar time points of
measurement.

Barotrauma

Analysis 1.4: Eight trials reported rates of barotrauma (Cavalcanti
et al, 2013; Hodgson 2011; Huh 2009; Kacmarek 2016; Liu 2011;
Meade 2008; Xi 2010; Yang 2011). We used the fixed-effect model
to pool data, as the funnel plot demonstrated minimal asymmetry
for seven studies (12 = 0%). Recruitment manoeuvres did not
significantly affect the risk of barotrauma (RR 1.09, 95% CI 0.78 to
1.53, P =0.60). Three trials reported no barotrauma in intervention
or control groups (Hodgson 2011; Xi 2010; Yang 2011). One study
reported no differences in the rate of barotrauma between groups
and did not report specific numbers of participants (RR 0.78, 95%
Cl10.19 to 3.30; Cavalcanti et al, 2013).

Rescue therapies

Analysis 1.5: Three trials reported use of rescue therapies for
participants with severe hypoxaemia (Hodgson 2011; Huh 2009;
Meade 2008). We used the random-effects model to pool data (12 =
74%). An open lung ventilation strategy that included recruitment
manoeuvres had no effect on the use of rescue therapies for
participants with severe hypoxaemia (RR 0.64, 95% Cl 0.27 to 1.51,
P=0.31).
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Oxygenation

Analysis 1.6: Six trials reported changes in oxygenation (PaO,/
FiO, from baseline to 24 or 48 hours after randomization) with a
recruitment manoeuvre (Cavalcanti et al,2013; Hodgson 2011; Huh
2009; Meade 2008; Wang 2009; Xi 2010); however, four of these trials
included open lung ventilation along with other changes in the
intervention group such as increased PEEP (Cavalcanti et al, 2013,
Hodgson 2011; Huh 2009; Meade 2008).

Several trials measured oxygenation at more than one time
point. For inclusion of these trials, we chose the time point
closest to 24 hours after the recruitment manoeuvre. We used
a random-effects model to analyse study results (12 = 88%).
Recruitment manoeuvres improved oxygenation 24 to 48 hours
after randomization compared with standard care (MD -39.10, 95%
Cl -57.64 to -20.56, P < 0.0001). The funnel plot demonstrated
significant asymmetry indicating selection bias (publication or
location bias); poor methodological quality of smaller studies
(design, analysis, fraud); true heterogeneity (variation in effect
size); and artefact or chance differences in study samples.

One trial reported a positive response to a recruitment manoeuvre
that was maintained for only a few minutes (Oczenski 2004) and
was not included in the analysis. Oczenski 2004 randomly assigned
30 participants from a positive end-expiratory (PEEP) trial who
had low tidal volumes and high PEEP to receive a recruitment
manoeuvre or to not receive an RM. Compared with control, a
recruitment manoeuvre significantly increased the PaO,/FiO, ratio
(139 +46vs 246 + 111, P <0.001) and the shunt fraction (30.8 + 5.8
vs 29.2 + 7.4) three minutes later. In both groups, values returned to
baseline within 30 minutes, and no significant differences between
groups were noted.

Two trials investigated recruitment manoeuvres alone compared
with standard care (with no other changes in ventilation strategy
such as PEEP or plateau pressure) and found no differences in
oxygenation at 24 to 48 hours (Wang 2009; Xi 2010).

Subgroup analyses

We found insufficient data and clinical heterogeneity in the
included trials, and we were unable to perform planned subgroup
analyses.

DISCUSSION

Summary of main results

We included 10 trials in this systematic review (Cavalcanti et
al, 2013; Hodgson 2011; Huh 2009; Kacmarek 2016; Liu 2011;
Meade 2008; Oczenski 2004; Wang 2009; Xi 2010; Yang 2011). We
pooled data from eight of the nine randomized controlled trials
that provided mechanical ventilation for participants with acute
respiratory distress syndrome (ARDS) with an intervention that
included recruitment manoeuvres (RMs) compared with standard
care (without RMs) (Cavalcantietal,2013; Hodgson 2011; Huh 2009;
Kacmarek 2016; Liu 2011; Meade 2008; Xi 2010; Yang 2011). Trials
varied with regards to the RM used (duration, maximum pressure,
mode of delivery) and with regards to risk of bias. Six trials included
an "open lung ventilation strategy" whereby the intervention group
differed from the control group in providing co-interventions other
than the RM (such as higher positive end-expiratory pressure
(PEEP)) (Cavalcanti et al,2013; Hodgson 2011; Huh 2009; Kacmarek

2016; Liu 2011; Meade 2008). Clinical heterogeneity of these studies
makes it difficult to interpret results.

Six trials reported on events for our primary outcome (mortality)
(Hodgson 2011; Huh 2009; Kacmarek 2016; Liu 2011; Meade 2008;
Xi2010). The intervention group in five of these trials received open
lung ventilation with co-interventions, such as increased PEEP,
as well as RMs (Hodgson 2011; Huh 2009; Kacmarek 2016; Liu
2011; Meade 2008). Recruitment manoeuvres were not allowed in
control participants. Results demonstrated statistically significant
differences in intensive care unit (ICU) mortality, but not in 28-day
or hospital mortality. The composite design of these interventions
means that any difference in outcomes between control and
intervention groups could be due to any of the components
of the intervention, or, as likely, to the combined synergistic
effects of two or more of these components. A recent individual
participant data meta-analysis reported an association between
improved survival in participants with acute respiratory distress
who were mechanically ventilated and reduced driving pressure
during mechanical ventilation (Amato 2015). Itis possible that trials
included in this review that provided an intervention with open
lung ventilation including RMs may have also used reduced driving
pressure (as a result of increased PEEP combined with protective
lung ventilation), and this may have had an effect on mortality. Only
one trial isolated the effects of RMs on our primary outcome and
showed no difference between intervention and control groups (Xi
2010); however, this trial had a moderately high risk of bias (Figure
5).

Recruitment manoeuvres were performed at different time
points following randomization in the included trials; they were
performed in response to both disconnection and desaturation
in several trials, further complicating interpretation of results. In
the largest trial (Meade 2008), the intervention group (n = 423)
received an RM at the start of the trial, and 366 received at least
one additional RM following ventilator disconnection (but 57 did
not receive the additional RM). Hodgson 2011 applied a daily
staircase RM in the intervention group that lasted up to six minutes
but performed brief RMs throughout the day for disconnection
or desaturation. Three trials performed RMs eight-hourly (Wang
2009; Xi 2010; Yang 2011). As a result of the clinical heterogeneity
associated with dose and repetition of RMs, as well as the use of
co-interventions, it is not clear whether one or multiple RMs might
have caused the effect. Additionally, we found limited information
on who was involved in ventilatory management within the ICU,
so we can draw no conclusions about international differences in
ventilatory management for patients with ARDS.

We pooled the results of seven randomized trials and found
that RMs did not affect the rate of barotrauma (Hodgson 2011;
Huh 2009; Kacmarek 2016; Liu 2011; Meade 2008; Xi 2010; Yang
2011). These results support a recent systematic review of RMs
and clinical outcomes (Suzumura 2014) and may indicate that
RMs are safe; however, clinical heterogeneity between studies
was significant. Evidence previously obtained by computerized
tomography (Gattinoni 2006) indicated that response to high PEEP
is heterogeneous in patients with ARDS and may lead to over-
distension rather than to lung recruitment.Study authors reported
that some participants with ARDS might benefit from an RM and
high PEEP, although for others, this approach may be harmful.
Future individual participant data meta-analyses may answer
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specific questions regarding response to RMs (i.e. responders vs
non-responders).

This review reported an increase in oxygenation from baseline to
24 to 48 hours after RMs were commenced in six pooled trials
(Cavalcantietal,2013; Hodgson 2011; Huh 2009; Meade 2008; Wang
2009; Xi 2010). However, the isolated effect of RMs in Oczenski
2004 increased the fraction of arterial oxygen to inspired oxygen
(Pa0,/FiO,) for three minutes (returning to baseline levels within
30 minutes). Similarly, two trials of RMs (in isolation from other
components of open lung ventilation) reported that oxygenation
was unchanged compared with control at 24 or 48 hours after RMs
(Wang 2009; Xi 2010). Additional studies are needed to determine
effects of RMs in isolation from other co-interventions on sustained
changes in oxygenation.

Overall completeness and applicability of evidence

In two trials comparing open lung ventilation (Hodgson 2011;
Meade 2008), sample size was calculated before the study
commenced. The target sample was reached in Meade 2008, which
reported no loss to follow-up. The Hodgson 2011 pilot study
recruited 20 participants at a single centre as planned, which limits
the external validity of the study. Kacmarek 2016 was stopped early
owing to slow recruitment, although it was a multi-centre study.

Quality of the evidence

Although we judged the included trials to be at varying risks of bias
overall, we drew evidence for our main outcomes from studies at
low risk of bias. Effects of additional ventilatory co-interventions
were not controlled (Cavalcanti et al, 2013; Hodgson 2011,
Huh 2009; Kacmarek 2016; Liu 2011; Meade 2008). Recruitment
manoeuvres were applied inconsistently and in some cases were
linked to ventilatory disconnection and desaturation. Investigators
did not blind treatment or assessor, and only one trial reported
blinding of the analysis (Meade 2008). One trial did not use
intention-to-treat analysis (Xi 2010) and excluded 15 participants
from the final analysis for failure to adhere to the study protocol;
this limits the applicability of the evidence, and we rated this study
as having high risk of bias.

Potential biases in the review process

We identified several potential biases in the review process. First,
we excluded studies with cross-over design, as we could not assess
the primary outcome. However, other outcomes (barotrauma,
oxygenation) may have been relevant to the review. Second, we
excluded length of stay as an outcome measure (hospital length of
stay; ICU length of stay), as survivors and non-survivors were not
reported separately. In the future, we recommend that randomized
controlled trials should report length of stay for both survivors
and non-survivors separately. Third, we included studies with a
transient increase in pressure from baseline as an RM. In doing so,
we excluded studies of airway pressure release ventilation, which
is a mode of ventilation that is used to recruit alveoli and may be
considered a type of RM. The study by Kacmarek was completed
in 2007 but was not published until 2014. Finally, one study not
included in the review is awaiting classification, as we were unable
to contact the study author (Wang 2009).

Agreements and disagreements with other studies or
reviews

Some issues remain open for debate. In particular, do recruitment
manoeuvres, in isolation from other co-interventions, have
an impact on outcomes such as survival? Data are currently
insufficient to answer this question. It is plausible that RMs alone
are not sufficient to improve longer-term outcomes, but they add
value when used with co-interventions as part of an open lung
ventilation strategy that includes low tidal volumes, high PEEP and
limited plateau pressures (Amato 2015; ARDSnet 2000; Kacmarek
2007; Meade 2008).

Also, if RMs have a beneficial effect on outcomes, what would be
the optimal inspiratory pulmonary pressure, length of time and
level of PEEP needed to maintain such effects? All of the included
studies used different inspiratory pressures for different lengths of
time, with varying levels of PEEP (Table 1). The mode of ventilation
used to achieve an RM also varied widely. Any given inspiratory
pressure might be effective in some patients, ineffective in some
and harmful in others (for instance, by overdistending lung units).
It may be important to determine the minimum PEEP that sustains
the benefits of an RM (Briel 2010; Kacmarek 2007; Lapinsky 2005).

Evidence is insufficient to show the optimal frequency of delivering
an RM in patients with acute respiratory distress syndrome.

AUTHORS' CONCLUSIONS

Implications for practice

Evidence in our review on delivery of recruitment manoeuvres for
participants with acute ARDS shows considerable heterogeneity.
Available evidence suggests that recruitment manoeuvres may
improve intensive care unit survival, and that they are used
predominantly as part of an open lung ventilation strategy.
Oxygenation was increased from baseline to 24 to 48 hours after
a recruitment manoeuvre, and no evidence suggests increased
barotrauma. At this stage, recruitment manoeuvres delivered once
per day as part of an open lung strategy during moderate to severe
acute respiratory distress syndrome may be beneficial. The largest
studies to date have used a plateau pressure of 40 to 50 cm H,0,
with recent (Kacmarek 2016) and incomplete trials (ART STudy
Investigators; PHARLAP Group Investigators) increasing inspiratory
pressure stepwise to 55 to 60 cm H,0. Ongoing studies in this area
may have an influence on future practice (ART STudy Investigators;
PHARLAP Group Investigators).

Implications for research

Recruitment manoeuvres generally are used as part of an open lung
ventilation strategy, with positive end-expiratory pressure (PEEP)
titrated following the recruitment manoeuvre on an individual
basis to maintain lung recruitment. Further research is required
to determine the ideal recruitment manoeuvre with regards to
duration, peak pressure and titration of PEEP. An individual
participant data meta-analysis may reveal whether effects of
recruitment manoeuvres vary with severity and cause of acute
respiratory distress syndrome and with the type of recruitment
manoeuvre provided. In addition, future research on recruitment
manoeuvres may be required to separate effects of recruitment
manoeuvres from those of co-interventions such as increased
PEEP, although clinically, recruitment manoeuvres are rarely used
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in isolation, and a separate analysis of open lung ventilation
(including limited tidal volumes and inspiratory pressure with
recruitment manoeuvres and titrated PEEP) may be pertinent.
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CHARACTERISTICS OF STUDIES

Characteristics of included studies [ordered by study ID]

Cavalcanti et al, 2013

Methods

Report of the first 100 participants in a prospective, multi-centre, parallel-group RCT

Participants

n =100 participants with moderate to severe ARDS (< 72 hours in ICU)

No inclusion/exclusion criteria stated in the abstract but full details of the study available in the pub-
lished protocol

Interventions

Maximal stepwise alveolar recruitment manoeuvre followed by ventilation at optimal PEEP

Outcomes Preliminary results of a larger study: oxygenation (PaO,/FiO, ratio daily for 7 days) and barotrauma
during first 7 days

Notes Conference abstract only, direct contact with study authors July 2016

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Low risk Computerized random block schedule

tion (selection bias)

Allocation concealment Low risk Web-based, centralized, automated randomization schedule

(selection bias)

Blinding (performance High risk Open-label design

bias and detection bias)
All outcomes

Blinding of treatment: no
Blinding of assessor: no

Blinding of data analysis: not stated
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Cavalcanti et al, 2013 (continued)

Incomplete outcome data  Low risk Data were reported for all participants.

(attrition bias)

All outcomes

Selective reporting (re- Unclear risk Outcomes listed in the methods were reported in the results.
porting bias)

Intention to treat Low risk Primary analysis was by intention-to-treat.

Hodgson 2011

Methods

Prospective, single-centre, parallel-group RCT

Participants

n =20. Inclusion criteria: ARDS, PaO,/FiO,< 200, age > 15 years in 1 ICU in Australia (2007 to 2009)

Excluded if chest trauma, intercostal catheter with air leak, pneumothorax, bronchospasm, raised ICP,
MAP < 60 mmHg, significant arrhythmias or MV > 72 hours

Interventions

Treatment: staircase recruitment manoeuvre to peak of 55 cm H,0 airway pressure and decremental
PEEP titration to determine optimal PEEP, performed daily with PCV, V1 <6 mL/kg Pplat <30 mmHg,
permissive hypercapnia. Additionally, RM with PEEP =40 cm H,0 for 1 minute was performed after oxy-
gen desaturation or circuit disconnection

Control: ARDSnet protocol, with ACVC and FiO,/PEEP titration, V1 <6 mL/kg, plateau pressure < 30
mmHg

Outcomes « Daily for 7 days: interleukins (IL-6, IL-1B, IL-8) and tumour necrosis factor (TNF-a), Ppeak, Pplat, VT,
RR, PEEP, HR and rhythm, CVP, blood pressure, inotrope usage, arterial blood gases, PaO,/FiO,, static
lung compliance

« ICU LOS, hospital LOS, duration of MV
« Hospital survival

Notes The first author of this Cochrane review declares a conflict of interest, as she is the first study author on

this publication. Data were extracted by independent researchers (see Declarations of interest).

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-  Low risk Computerized random block schedule, stratified by diagnosis of severe sepsis

tion (selection bias)

Allocation concealment Low risk Sequentially numbered sealed opaque envelopes

(selection bias)

Blinding (performance Low risk Open-label design

bias and detection bias)

All outcomes Blinding of treatment: no

Blinding of assessor: not stated
Blinding of data analysis: not stated

Incomplete outcome data  Low risk Data were reported for all participants.

(attrition bias)
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Hodgson 2011 (Continued)
All outcomes

Selective reporting (re- Low risk Outcomes listed in the methods were reported in the results.
porting bias)
Intention to treat Low risk Primary analysis was by intention-to-treat.

Huh 2009

Methods

Prospective, single-centre, parallel-group RCT

Participants

n =57. Inclusion criteria: ARDS, PaO,/FiO, < 200 in Korea and Seoul

Interventions

Treatment: extended sigh method of recruitment manoeuvre to peak of 55 cm H,0 airway pressure
and VCV with V1 decreased by 25% from baseline, performed daily for 7 days. PCV, V1 = 6 mL/kg, opti-

mal PEEP setting determined during decremental PEEP titration. RM was also performed after oxygen
desaturation or circuit disconnection.

Control: ARDSNet protocol, with table-based FiO,/PEEP strategy, PCV, VT =6 mL/kg

Outcomes Primary: oxygenation measured with PaO,/FiO, daily for 7 days
Secondary: PEEP and dynamic compliance (daily for 7 days), ICU LOS, duration of sedatives and
paralysing agents, duration of MV, 28-day mortality, 60-day mortality and 90-day mortality

Notes Exclusion criteria not clearly stated, but 4 participants with fulminant hepatitis or terminal cancer were
excluded. Contacted study author directly by email for additional details and received a response on
19.03.2015

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Low risk Use of a randomization scheme

tion (selection bias)

Allocation concealment Unclear risk Not stated

(selection bias)

Blinding (performance Unclear risk Not stated

bias and detection bias)

All outcomes

Incomplete outcome data  Unclear risk Participant follow-up was incomplete.

(attrition bias)

All outcomes

Selective reporting (re- Unclear risk 4 participants who withdrew from the study were excluded from the analysis.

porting bias) Itis unclear on what bases these participants were excluded.

Intention to treat High risk 4 participants who withdrew from the study were excluded from the analysis.

Itis unclear on what bases these participants were excluded.
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Kacmarek 2016

Methods

Prospective, multi-centre, parallel-group RCT

Participants

n =200. Inclusion criteria: ARDS, Pa0O,/FiO,< 200 at FiO, = 0.5 and PEEP = 10 in North America, Brazil,
Spain and Chile, from 2007 to 2013

Inclusion criteria

« Intubated and mechanically ventilated
« Diagnosis of ARDS based on American-European consensus criteria
« Enrolmentin study <48 hours since diagnosis of ARDS

« For12-36 hours (ideally 12-24 hours) after diagnosis of ARDS, participant must be ventilated as follows:
ACVC, tidal volume of 4-8 mL/kg PBW, plateau pressure < 30 cm H,0, PEEP/FiO, adjustments based

on ARDSnet table, ventilator rate to keep PaCO, = 35-60 mmHg
« During the 12-36 hour (ideally 12-24 hour) period, PaO,/FiO, must remain <200 mm Hg for an ABG

obtained 30 minutes after placement on the following specific ventilator settings: ACVC, tidal volume
=6 mL/kg PBW, plateau pressure <30 cm H,0, inspiratory time < 1 second, PEEP = 10 cm H,0, FiO, =

0.5, ventilator rate to keep PaCO, = 35-60 mmHg
» No lung recruitment manoeuvres or adjunct therapy
« Total time on mechanical ventilation <96 hours at time of randomization

Exclusion criteria

« Age<18yearsor>80years

+ Weight <35 kg PBW

« Body massindex > 60

+ Intubated 2° to acute exacerbation of a chronic pulmonary disease
« Acute braininjury (ICP > 18 mmHg)

« Immunosuppression 2° to chemotherapy or radiation therapy

« Severe cardiac disease (1 of the following): New York Heart Association class Il or IV, acute coronary
syndrome or persistent ventricular tachyarrhythmias

« Positive laboratory pregnancy test

« Sickle cell disease

« Neuromuscular disease

« High risk of mortality within 3 months from cause other than ARDS (e.g. cancer)

« More than 2 organ failures (not including pulmonary system)

« Documented lung barotrauma (i.e. chest tube placement other than for fluid drainage)
 Persistent haemodynamic instability or intractable shock

+ Penetrating chest trauma

« Enrolmentin another interventional study

Interventions

Treatment: staircase recruitment manoeuvre in PCV to peak of = 60 cm H,0 airway pressure for 2 min-

utes and decremental PEEP titration to determine optimal PEEP. Ongoing ventilation with peak pres-
sure = 30 mmHg to V1 3-5 mL/kg of PBW, RR < 35/min to PaC0O, 40-50

Control: ARDSnet protocol, VCV, V1 < 6 mL/kg of PBW, RR < 35/min to maintain pH of 7.30-7.45, plateau
pressure <30 mmHg, I:E ratio 1:1-1:3

Outcomes ICU and hospital, 28-day and 60-day mortality, ICU length of stay, ventilator-free days, adverse events
(hypotension, hypoxaemia, pneumothorax, arrhythmias, cardiac arrest)
Notes Contacted the first study author. Trial ceased early owing to low rate of enrolment
Risk of bias
Bias Authors' judgement Support for judgement
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Kacmarek 2016 (Continued)

Random sequence genera-  Low risk Contacted co-investigators to clarify the procedure. Awaiting full publication
tion (selection bias)

Allocation concealment Low risk Contacted co-investigators to clarify the procedure. Awaiting full publication
(selection bias)

Blinding (performance Low risk Open-label design

bias and detection bias)

All outcomes

Incomplete outcome data  Low risk Primary outcome was reported for all enrolled participants.

(attrition bias)

All outcomes

Selective reporting (re- Unclear risk Not yet fully reported. Awaiting full publication

porting bias)

Intention to treat Low risk Yes

Liu 2011

Methods

Prospective parallel-group RCT

Participants

n=100. Early ARDS, with 91 meeting ARDS criteria in Taiwan
Inclusion criteria

« Met criteria for ARDS
« Pa0,/FiO, = 250 mmHg after standard ventilator setting (FiO, = 0.5 and PEEP = 10 cm H,0) at least
30 minutes

Exclusion criteria

+ Younger than 18 years

« Duration of mechanical ventilator > 72 hours

« Pneumothorax or subcutaneous emphysema or bullous lung disease
« Severe chronic respiratory disease

« Intracranial hypertension or received craniotomy surgery

« Long-term dependent ventilator

« Neuromuscular disease

« Premorbid condition with expected 6-month mortality risk > 50%

Interventions

Intervention group: lung recruitment manoeuvre conducted with PEEP 35 cm H,0 and peak inspiration
pressure up to 50 cm H,0 maintained for 2 minutes, then PEEP was set higher at 2 cm H,0 above clos-
ing pressure (no description of how closing pressure was defined)

Control group: ventilated with lung protective ventilatory strategy only

Outcomes Primary: 28-day mortality
Secondary: duration of mechanical ventilation, ICU length of stay
Notes Abstract only. No address for correspondence. Registered on clinicaltrials.gov and conference abstract
citing results
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Liu 2011 (continued)

Risk of bias

Bias Authors' judgement Support for judgement
Random sequence genera-  Unclear risk Not stated
tion (selection bias)

Allocation concealment Unclear risk Not stated
(selection bias)

Blinding (performance Unclear risk Not stated
bias and detection bias)

All outcomes

Incomplete outcome data  Unclear risk Not stated
(attrition bias)

All outcomes

Selective reporting (re- Unclear risk Not stated
porting bias)

Intention to treat Unclear risk Not stated

Meade 2008

Methods

Prospective, multi-centre, parallel-group RCT

Participants

n=983

Participants were given diagnosis of ARDS with PaO,/FiO, <250

Excluded if left atrial hypertension, anticipated MV <48 hours, inability to wean from experimental
strategies, severe chronic respiratory disease, neuromuscular disease, intracranial hypertension, mor-
bid obesity, pregnancy, conditions with expected 6-month mortality risk > 50%

Interventions

Treatment: RM = after allocation to treatment group CPAP 40 cm H,0 for 40 seconds with FiO; 1.0. Sub-
sequent RMs after circuit disconnection (up to 4 each day) were not defined. PCV, V1 6 mL/kg, Pplat <
40, high PEEP (mean 14.6 cm H,0)

Control: V1 6 mL/kg, Pplat < 30, standard PEEP (mean 9.8 cm H,0)

Outcomes Primary: hospital mortality
Secondary: ICU mortality, 28-day mortality, time to independent breathing, refractory hypoxaemia,
barotrauma, use of rescue therapies

Notes Recruitment manoeuvres were part of a package of ventilation. The other differences between inter-
vention group and control group ventilation packages were tidal volume, plateau pressure, fraction of
inspired oxygen, inspiratory:expiratory ratio and PEEP.

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Low risk Computer-stratified enrolment by site via variable permutated blocks
tion (selection bias)
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Meade 2008 (continued)

Allocation concealment Low risk Central computerized telephone system used for allocation
(selection bias)
Blinding (performance Low risk Open-label design
bias and detection bias)
All outcomes Blinding of treatment: no
Blinding of assessor: not stated
Blinding of data analysis: yes
Incomplete outcome data  Low risk No
(attrition bias)
All outcomes
Selective reporting (re- Low risk All outcomes listed in the methods were reported in the results.
porting bias)
Intention to treat Low risk Primary analysis was by intention-to-treat.

Oczenski 2004

Methods

Prospective, single-centre RCT

Participants

n=30

Extrapulmonary ARDS for < 72 hours (NAECC PaO,/FiO, <200, PEEP =5 cm H,0, PCWP 18 mmHg and/

or LVEF < 50%)

Excluded if direct lung injury (pulmonary ARDS), SBP < 100, arrhythmias, APO, barotrauma

Interventions

Treatment: RM = CPAP 50 cm H,O for 30 seconds once only, V1 6 mL/kg, Pplat < 30, PEEP determined by

incremental PEEP trial

Control: V1 6 mL/kg, Pplat < 30, PEEP determined by incremental PEEP trial, no RMs

Outcomes Oxygenation measured with PaO,/FiO,, HR, MAP 3 minutes and 30 minutes post RM
Notes Only short-term outcomes reported

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-  Low risk Computer generated
tion (selection bias)
Allocation concealment Unclear risk Not stated
(selection bias)
Blinding (performance Low risk Blinding of treatment: no
bias and detection bias)
All outcomes Blinding of assessor: not stated
Blinding of data analysis: not stated
Incomplete outcome data  Low risk No
(attrition bias)
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Oczenski 2004 (Continued)
All outcomes
Selective reporting (re- Low risk Outcomes listed in the methods were reported in the results.
porting bias)
Intention to treat Low risk Primary analysis was by intention-to-treat.

Wang 2009

Methods

Prospective single-centre RCT

Participants

n =20 participants with ARDS

Interventions

Treatment: RM in BIPAP mode, performed 8-hourly for 7 days or until weaning of MV

Both groups: lung protective ventilation

Outcomes EVLW, EVLWI after RM, respiratory mechanics, oxygenation parameters, CVP, plasma COP, dosage of
corticosteroid and adrenergic drugs, 24-hour net fluid balance at 0, 48 and 72 hours post randomiza-
tion

Notes Full article in Mandarin. Abstract only in English. Study author contacted 1 Dec 2014 and again in April
2015. Use of Chinese students to determine risk of bias

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-  Low risk Envelope method

tion (selection bias)

Allocation concealment Unclear risk Not stated

(selection bias)

Blinding (performance Low risk Open-label

bias and detection bias)

All outcomes Blinding of treatment: no

Blinding of assessor: not stated
Blinding of data analysis: not stated

Incomplete outcome data  Low risk Primary analysis was by intention-to-treat.

(attrition bias)

All outcomes

Selective reporting (re- Unclear risk Information was insufficient to permit a judgement.

porting bias)

Intention to treat Low risk Primary analysis was by intention-to-treat.

Xi 2010
Methods Prospective, multi-centre RCT
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Xi 2010 (Continued)

Participants n=110
Inclusion criteria

« ARDS (PaO; =200 mmHg at FiO, 1.0 and PEEP = 10 cm H,0)
« Absence of left atrial hypertension or PCWP < 18 mmHg
» Age > 18years, stable haemodynamics

Exclusion criteria

« Acute myocardial infarction within preceding week

 Preexisting chronic respiratory insufficiency

« Anatomical chest well abnormalities

+ Chest tube with persistent air leak, pneumothorax or bronchopleural fistula
« Gross barotrauma in any form

« Pregnancy

» Malignant disease or end-stage chronic disease

« Anatomical lobectomy within 2 weeks

« Bone marrow transplantation or lung transplantation

« Chronic liver disease

« Intracranial pressure or neuromuscular disease that could impair spontaneous breathing
« Previous inclusion in this study or participation in another study

Interventions Treatment: RM (CPAP 40 cm H,O for 40 seconds) performed 8-hourly for first 5 days, unless weaning
standard was reached

Both groups: V1 6-8 mL/kg; Pplat <30 cmH,0; VCV or PCV for first 24 hours, with any mode thereafter;
PEEP titrated to target PaO, or FiO, or both; permissive hypercapnia

Outcomes Primary: ICU mortality

Secondary: number of ventilator-free days; non-pulmonary organ dysfunction-free days from day 1 to
day 28; 28-day mortality; percentage of unassisted breathing hours for at least 48 consecutive hours;
incidence of barotrauma or pneumatocoele >2 cm

Notes

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Low risk Computer-generated random numbers

tion (selection bias)

Allocation concealment Low risk Sealed envelopes
(selection bias)

Blinding (performance Unclear risk Not stated

bias and detection bias)

All outcomes

Incomplete outcome data  Low risk 15 participants were excluded for failure to follow the study protocol.

(attrition bias)
All outcomes
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Xi 2010 (Continued)

Selective reporting (re- Unclear risk 15 participants were excluded for failure to follow the study protocol - 3 in the

porting bias) control group and 12 in the intervention group (not analysed as intention-to-
treat).

Intention to treat High risk 15 participants were excluded from final analysis for failure to adhere to study
protocol.

Yang 2011

Methods Prospective, single-centre RCT

Participants n=38. ARDS

Interventions Treatment: RM (PEEP 40 cm H,0, support pressure set to 0, FiO, 1.0 for 30 seconds), repeated 8-hourly

for 5 days

Both groups: PSV, Pplat <30 cm H,0, minimum PEEP with FiO; < 0.6 and PaO, 60-80 mmHg

Outcomes Oxygenation status for 5 days, lung injury indexes, adverse effects of RM and incidence of barotrauma
Notes Full article in Mandarin. Abstract only in English. Study author contacted 1 Dec 2014

Risk of bias

Bias Authors' judgement  Support for judgement

Random sequence genera-  Low risk Envelope method

tion (selection bias)

Allocation concealment Low risk "The envelope method"
(selection bias)

Blinding (performance Unclear risk Not stated
bias and detection bias)
All outcomes

Incomplete outcome data  Unclear risk Information was insufficient to permit a judgement.
(attrition bias)
All outcomes

Selective reporting (re- Unclear risk Information was insufficient to permit a judgement.
porting bias)

Intention to treat Unclear risk Information was insufficient to permit a judgement.

ABG = arterial blood gases; ACVC = assist control; APO = acute pulmonary oedema; ARDS = acute respiratory distress syndrome; BIPAP =
bi-level positive airway pressure; CO = cardiac output; COP = colloid osmotic pressure; COPD = chronic obstructive pulmonary disease;
CPAP = continuous positive airway pressure; Crs = respiratory system compliance; CVP = central venous pressure; EELV = end-expiratory
lung volume; EVLW = extravascular lung water; EVLWI = extravascular lung water index; FiO, = fraction of inspired oxygen; FRC = functional
residual capacity; HR = heart rate; ICP = intracranial pressure; ICU = intensive care unit; IL = interleukin; LIP = lower inflection point; LISS
= lung injury severity score; LOS = length of stay; LVEF = left ventricular ejection fraction; MAP = mean arterial pressure; MV = mechanical
ventilation; NAECC = North American-European Consensus Conference; PaO,, = arterial oxygen partial pressure; PaCO, = arterial carbon
dioxide partial pressure; PAP = pulmonary artery pressure; PBW = predicted body weight; PCV = pressure control ventilation; PCWP =
pulmonary capillary wedge pressure; PEEP = positive end-expiratory pressure; P/F = PaO,/FiO,; PIP = peak inspiratory pressure; Ppeak =
peak pressure; Pplat = plateau pressure; PSV = pressure support ventilation; Qva/Qt = venous admixture; RCT = randomized controlled trial;

Recruitment manoeuvres for adults with acute respiratory distress syndrome receiving mechanical ventilation (Review) 29
Copyright © 2018 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

RM = recruitment manoeuvre; RR = respiratory rate; SBP = systolic blood pressure; SpO, = arterial oxygen saturation from pulse oximeter;
TNF = tumour necrosis factor; VCV = volume-cycled ventilation; Vd/Vt = dead space; V1 = tidal volume.

Characteristics of excluded studies [ordered by study ID]

Study Reason for exclusion

Amato 1995 Participants in this study were included from the subsequent larger study published in 1998 (see
Amato 1998).

Amato 1998 The control group strategy included a tidal volume of 12 mL/kg, not protective lung ventilation.
The intervention group included children.

Barker 2002 Not a recruitment manoeuvre using the ventilator, but a manual breath using a rebreathing bag
Bollen 2005 RCT of high-frequency oscillatory ventilation that is not covered as part of this review
Brower 2003 Cross-over study, not a RCT

Constantin 2010 Participants with acute hypoxaemic respiratory failure (not ARDS)

Derdak 2002 RCT of high-frequency oscillatory ventilation (Sud 2013)

Dolinay 2011 Not an RCT of recruitment manoeuvres vs no recruitment manoeuvres

Dyhr 2003 Cross-over study, not an RCT

Foti 2000 Cross-over study, not an RCT

Gattinoni 2006 Not an RCT of recruitment manoeuvres vs no recruitment manoeuvres

Holzapfel 1987 RCT of high-frequency oscillatory ventilation (Sud 2013)

Hurst 1990 RCT of high-frequency oscillatory ventilation (Sud 2013)

Lasocki 2005 Cross-over study, not an RCT

Lim 2003 Not an RCT

Lowhagen 2011 Comparison of 2 different recruitment manoeuvre techniques

Meade 2002 Not an RCT of recruitment manoeuvres vs no recruitment manoeuvres

Stewart 2002 Not an RCT of recruitment manoeuvres vs no recruitment manoeuvres

ARDS = acute respiratory distress syndrome; RCT = randomized controlled trial.

Characteristics of studies awaiting assessment [ordered by study ID]

Wang 2007
Methods Prospective, single-centre RCT
Participants n =28 participants with ARDS
Interventions Intervention groups: BIPAP ventilation with lung recruitment manoeuvres
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Wang 2007 (Continued)

Control group: low tidal volume assist control ventilation

Outcomes Pa0,/FiO,, respiratory system compliance and CVP (at 0, 48 and 72 hours); duration of ventilation,
lung injury and 28-day mortality

Notes Full article in Mandarin. Abstract only in English. Unable to contact study author as we found no
email address. Emailed the journal that published the manuscript, but the email address was
no longer working in April 2015. Attempted to download full article in Mandarin, but the site was
blocked.

ARDS = acute respiratory distress syndrome; BIPAP = bi-level positive airway pressure; CVP = central venous pressure; FiO, = fraction of
inspired oxygen; PaO, = arterial oxygen partial pressure; RCT = randomized controlled trial.

Characteristics of ongoing studies [ordered by study ID]

ART STudy Investigators

Trial name or title Alveolar Recruitment for Acute Respiratory Distress Syndrome Trial

Methods Prospective, multi-centre, event-guided RCT

Participants Participants considered for this trial are those in mechanical ventilation with diagnosis of ARDS <
72 hours

Partcipants will be excluded if they are younger than 18 years old, in use of vasopressor drugs in in-
creasing doses over the past 2 hours or mean arterial blood pressure <65 mmHg, presence of any
contraindication to hypercapnia, undrained pneumothorax or subcutaneous emphysema and lack
of consent from participant's surrogate for participation

Interventions Intervention: maximum alveolar recruitment manoeuvre in association with PEEP titrated by static
compliance of respiratory system

Control: conventional mechanical ventilation strategy

Outcomes Primary: survival in 28 days
Secondary

« Hospital stay

« Pneumothorax requiring drainage
« Barotrauma

« Days free of mechanical ventilation
« Survivalin 6 months

Starting date June 2011

Contact information

Notes ClinicalTrials.gov Identifier: NCT01374022

PHARLAP Group Investigators

Trial name or title A Multi-centre Trial of an Open Lung Strategy Including Permissive Hypercapnia, Alveolar Recruit-
ment and Low Airway Pressure in Patients With Acute Respiratory Distress Syndrome
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PHARLAP Group Investigators (Continued)

Methods

Prospective, multi-centre, parallel-group RCT

Participants

Participants considered for this trial are those in mechanical ventilation with diagnosis of ARDS <
72 hours

Participants will be excluded if they are younger than 18 years old, in use of vasopressor drugs in
increasing doses over the past 2 hours or mean arterial blood pressure <65 mmHg, presence of any
contraindication to hypercapnia, undrained pneumothorax or subcutaneous emphysema and lack
of consent from participant's surrogate for participation

Interventions

Intervention group: pressure control ventilation to maintain tidal volume 4-6 mL/kg and plateau
pressure <30 cm H,0O while tolerating respiratory acidosis if pH > 7.15; daily staircase recruitment

manoeuvre and individualized PEEP titration

Control group: mechanical ventilation based on the ARDSnet protocol using volume control venti-
lation with tidal volume 6 mL/kg, plateau pressure < 30 cm H,0 and FiO,/PEEP titration according

to FiO,/PEEP/oxygen saturation combination chart. This has been modified for Australian and New
Zealand practice to allow pressure control and pressure support ventilation

Outcomes

Primary: number of ventilator-free days at day 28 post randomization
Secondary

« Pa0,/FiO, ratio and static lung compliance

« Baseline to day 3 change in IL-8 and IL-6 concentrations in bronchoalveolar lavage and plasma
« Incidence of severe hypotension

« Incidence of barotrauma

« Use of rescue therapies for severe hypoxaemia - inhaled nitric oxide, inhaled prostacyclin, prone
positioning, high-frequency oscillatory ventilation and extracorporeal membrane oxygenation
(ECMO)

« Mortality: ICU discharge, hospital discharge, 28 days, 90 days and 6 months
« ICU and hospital length of stay

« Incidence of AKI

« Quality of life assessment: 6 months post randomization

« Cost-effectiveness analysis

Starting date

August 2012

Contact information

carol.hodsgon@monash.edu

Notes

ClinicalTrials.gov Identifier: NCT01667146

AKI = acute kidney injury; ARDS = acute respiratory distress syndrome; ECMO = extracorporeal membrane oxygenation; FiO, = fraction of
inspired oxygen; ICU = intensive care unit; IL = interleukin; PaO, = partial pressure of oxygen; PEEP = positive end-expiratory pressure; RCT

=randomized controlled trial.

DATA AND ANALYSES
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Comparison 1. Recruitment manoeuvres versus no recruitment manoeuvres

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

1 28-Day mortality 5 1450 Risk Ratio (M-H, Fixed, 95% CI)  0.86[0.74, 1.01]

1.1 Open lung ventilation including 4 1340 Risk Ratio (M-H, Fixed, 95% CI)  0.88 [0.75, 1.04]

recruitment manoeuvres

1.2 Recruitment manoeuvres 1 110 Risk Ratio (M-H, Fixed, 95% CI)  0.67 [0.40, 1.11]

2 ICU mortality 5 1370 Risk Ratio (M-H, Fixed, 95% CI) ~ 0.85[0.73, 0.99]

2.1 Open lung ventilationincluding 4 1260 Risk Ratio (M-H, Fixed, 95% CI)  0.88[0.75, 1.03]

recruitment manoeuvres

2.2 Recruitment manoeuvres 1 110 Risk Ratio (M-H, Fixed, 95% CI)  0.62[0.39, 0.98]

3 In-hospital mortality 4 1313 Risk Ratio (M-H, Fixed, 95% CI)  0.88[0.77, 1.01]

3.1 Open lung ventilation including 3 1203 Risk Ratio (M-H, Fixed,95% CI)  0.90 [0.78, 1.04]

recruitment manoeuvres

3.2 Recruitment manoeuvres 1 110 Risk Ratio (M-H, Fixed, 95% CI)  0.74[0.50, 1.09]

4 Rate of barotrauma 7 1508 Risk Ratio (M-H, Fixed, 95% CI)  1.09[0.78, 1.51]

4.1 Open lung ventilation including 6 1398 Risk Ratio (M-H, Fixed, 95% CI)  1.09[0.78, 1.51]

recruitment manoeuvres

4.2 Recruitment manoeuvres 1 110 Risk Ratio (M-H, Fixed, 95% CI)  0.0[0.0, 0.0]

5 Use of rescue therapies 3 1060 Risk Ratio (M-H, Random, 95%  0.64 [0.27, 1.51]
Cl)

6 Pa0,/FiO; ratio at 24 to 48 hours 6 1270 Mean Difference (IV, Random, -39.10 [-57.64,
95% Cl) -20.56]

6.1 Open lung ventilation including 5 1160 Mean Difference (IV, Random, -44.76 [-66.29,

recruitment manoeuvres 95% Cl) -23.22]

6.2 Recruitment manoeuvres 1 110 Mean Difference (IV, Random, -17.0[-37.19, 3.19]

95% Cl)

Analysis 1.1. Comparison 1 Recruitment manoeuvres versus
no recruitment manoeuvres, Outcome 1 28-Day mortality.

Study or subgroup Intervention Control Risk Ratio Weight Risk Ratio
n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
1.1.1 Open lung ventilation including recruitment manoeuvres
Huh 2009 12/30 9/27 o s — 4.02% 1.2[0.6,2.39]
Kacmarek 2016 22/99 27/101 —t T 11.34% 0.83[0.51,1.36]
Liu 2011 14/50 17/50 — T 7.21% 0.82[0.46,1.48]
Favours intervention 0.2 0.5 1 2 5 Favours control
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Study or subgroup Intervention Control Risk Ratio Weight Risk Ratio

n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Meade 2008 135/475 164/508 " 67.24% 0.88[0.73,1.06]
Subtotal (95% Cl) 654 686 ‘L 89.82% 0.88[0.75,1.04]

Total events: 183 (Intervention), 217 (Control)
Heterogeneity: Tau?=0; Chi*=0.87, df=3(P=0.83); 1>=0%
Test for overall effect: Z=1.47(P=0.14)

1.1.2 Recruitment manoeuvres
Xi 2010 16/55 24/55 — 10.18%
Subtotal (95% Cl) 55 55 g 10.18%
Total events: 16 (Intervention), 24 (Control)
Heterogeneity: Not applicable

Test for overall effect: Z=1.56(P=0.12)

Total (95% Cl) 709 741 L 100%
Total events: 199 (Intervention), 241 (Control)

Heterogeneity: Tau?=0; Chi*=1.95, df=4(P=0.75); 1>=0%

Test for overall effect: Z=1.86(P=0.06)

Test for subgroup differences: Chi?>=1.06, df=1 (P=0.3), I*=5.87%

0.67(0.4,1.11]
0.67[0.4,1.11]

0.86[0.74,1.01]

Favours intervention 0.2 0.5 1 2 5 Favours control

Analysis 1.2. Comparison 1 Recruitment manoeuvres versus no recruitment manoeuvres, Outcome 2 ICU mortality.

Study or subgroup Intervention Control Risk Ratio Weight Risk Ratio
n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI

1.2.1 Open lung ventilation including recruitment manoeuvres

Hodgson 2011 3/10 2/10 e e 0.81% 1.5[0.32,7.14]
Huh 2009 14/30 13/27 —— 5.55% 0.97[0.56,1.68]
Kacmarek 2016 25/99 30/101 — 12.05% 0.85[0.54,1.34]
Meade 2008 145/475 178/508 . 69.81% 0.87[0.73,1.04]
Subtotal (95% Cl) 614 646 ¢ 88.23% 0.88[0.75,1.03]

Total events: 187 (Intervention), 223 (Control)
Heterogeneity: Tau?=0; Chi?=0.6, df=3(P=0.9); I*=0%
Test for overall effect: Z=1.57(P=0.12)

1.2.2 Recruitment manoeuvres

Xi2010 18/55 29/55 — 11.77% 0.62[0.39,0.98]
Subtotal (95% Cl) 55 55 L 2 11.77% 0.62[0.39,0.98]
Total events: 18 (Intervention), 29 (Control)
Heterogeneity: Not applicable
Test for overall effect: Z=2.06(P=0.04)
Total (95% Cl) 669 701 ¢ 100% 0.85[0.73,0.99]
Total events: 205 (Intervention), 252 (Control)
Heterogeneity: Tau?=0; Chi*=2.64, df=4(P=0.62); 1>=0%
Test for overall effect: Z=2.12(P=0.03)
Test for subgroup differences: Chi?=2.02, df=1 (P=0.15), 1>=50.61%
Favours intervention ~ 0.01 0.1 1 10 100 Favours control

Recruitment manoeuvres for adults with acute respiratory distress syndrome receiving mechanical ventilation (Review)
Copyright © 2018 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

34



- Coch rane Trusted evidence.
G Li b rary l;lef;:r:l:gat:te;.lslon& Cochrane Database of Systematic Reviews

Analysis 1.3. Comparison 1 Recruitment manoeuvres versus

no recruitment manoeuvres, Outcome 3 In-hospital mortality.
Study or subgroup Intervention Control Risk Ratio Weight Risk Ratio

n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
1.3.1 Open lung ventilation including recruitment manoeuvres
Hodgson 2011 3/10 2/10 e S— 0.75% 1.5[0.32,7.14]
Kacmarek 2016 29/99 35/101 — 13.04% 0.85[0.56,1.27]
Meade 2008 173/475 205/508 . 74.55% 0.9[0.77,1.06]
Subtotal (95% Cl) 584 619 ¢ 88.34% 0.9[0.78,1.04]
Total events: 205 (Intervention), 242 (Control)
Heterogeneity: Tau?=0; Chi*=0.5, df=2(P=0.78); 1>=0%
Test for overall effect: Z=1.41(P=0.16)
1.3.2 Recruitment manoeuvres
Xi 2010 23/55 31/55 —+ 11.66% 0.74[0.5,1.09]
Subtotal (95% Cl) 55 55 < 11.66% 0.74[0.5,1.09]
Total events: 23 (Intervention), 31 (Control)
Heterogeneity: Not applicable
Test for overall effect: Z=1.5(P=0.13)
Total (95% CI) 639 674 ¢ 100% 0.88[0.77,1.01]
Total events: 228 (Intervention), 273 (Control)
Heterogeneity: Tau?=0; Chi*=1.32, df=3(P=0.72); 1>=0%
Test for overall effect: Z=1.8(P=0.07)
Test for subgroup differences: Chi*=0.82, df=1 (P=0.37), 1>=0% ‘ ‘ ‘ ‘
Favours intervention ~ 0-01 0.1 1 10 100 Favours control

Analysis 1.4. Comparison 1 Recruitment manoeuvres versus

no recruitment manoeuvres, Outcome 4 Rate of barotrauma.
Study or subgroup Intervention Control Risk Ratio Weight Risk Ratio

n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI

1.4.1 Open lung ventilation including recruitment manoeuvres
Hodgson 2011 0/10 0/10 Not estimable
Huh 2009 3/30 3/27 e — 5.22% 0.9[0.2,4.09]
Kacmarek 2016 6/99 8/101 — 13.09% 0.77[0.28,2.13]
Liu 2011 2/50 4/50 I e 6.61% 0.5[0.1,2.61]
Meade 2008 53/475 47/508 .’ 75.08% 1.21[0.83,1.75]
Yang 2011 0/19 0/19 ‘ Not estimable
Subtotal (95% Cl) 683 715 ‘ 100% 1.09[0.78,1.51]
Total events: 64 (Intervention), 62 (Control)
Heterogeneity: Tau?=0; Chi*=1.66, df=3(P=0.65); 1>=0%
Test for overall effect: Z=0.49(P=0.63)
1.4.2 Recruitment manoeuvres
Xi 2010 0/55 0/55 Not estimable
Subtotal (95% ClI) 55 55 Not estimable

Total events: 0 (Intervention), 0 (Control)
Heterogeneity: Not applicable

Test for overall effect: Not applicable

Favours intervention

0.01

0.1

1 10 100 Favours control
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Study or subgroup Intervention Control Risk Ratio Weight Risk Ratio

n/N n/N M-H, Fixed, 95% CI M-H, Fixed, 95% CI
Total (95% Cl) 738 770 # 100% 1.09[0.78,1.51]
Total events: 64 (Intervention), 62 (Control) ‘
Heterogeneity: Tau?=0; Chi*=1.66, df=3(P=0.65); 1>=0% ‘
Test for overall effect: Z=0.49(P=0.63) ‘
Test for subgroup differences: Not applicable ‘

Favours intervention ~ 0.01 0.1 1 10 100 Favours control
Analysis 1.5. Comparison 1 Recruitment manoeuvres versus no
recruitment manoeuvres, Outcome 5 Use of rescue therapies.

Study or subgroup Intervention Control Risk Ratio Weight Risk Ratio

n/N n/N M-H, Random, 95% CI M-H, Random, 95% CI
Hodgson 2011 0/10 2/10 ' } 7.47% 0.2[0.01,3.7]
Huh 2009 16/30 13/27 - 45.8% 1.11[0.66,1.85]
Meade 2008 22/475 52/508 - 46.74% 0.45[0.28,0.73]
Total (95% ClI) 515 545 P 100% 0.64[0.27,1.51]

Total events: 38 (Intervention), 67 (Control)
Heterogeneity: Tau?=0.35; Chi*=7.63, df=2(P=0.02); 1>=73.77%
Test for overall effect: Z=1.01(P=0.31)

Favours intervention ~ 0-01

Analysis 1.6. Comparison 1 Recruitment manoeuvres versus no

0.1

1

10

100

Favours control

recruitment manoeuvres, Outcome 6 PaO,/FiO, ratio at 24 to 48 hours.

Study or subgroup Control Intervention Mean Difference Weight Mean Difference

N Mean(SD) N Mean(SD) Random, 95% CI Random, 95% Cl
1.6.1 Open lung ventilation including recruitment manoeuvres
Cavalcanti et al, 2013 54 143.3 (46.8) 47 179.5 (84.5) I a— 17.02% -36.2[-63.39,-9.01]
Hodgson 2011 10 140 (28) 10 230 (36.1) {0— 16.51% -90[-118.32,-61.68]
Huh 2009 27 137.3(49.3) 30 160.9 (65.2) —— 15.84% -23.6[-53.44,6.24]
Meade 2008 498 149.1 (60.6) 464 187.4 (68.8) —— 25.5% -38.3[-46.52,-30.08]
Wang 2009 10 183 (49.3) 10 206.4 < 4.76% -23.4[-100.44,53.64]

(114.1)

Subtotal *** 599 561 - 79.64% -44.76[-66.29,-23.22]
Heterogeneity: Tau?=369.07; Chi?>=13.53, df=4(P=0.01); 1>=70.44%
Test for overall effect: Z=4.07(P<0.0001)
1.6.2 Recruitment manoeuvres
Xi2010 55 125 (46) 55 142 (61) — 20.36% -17[-37.19,3.19]
Subtotal *** 55 55 - 20.36% -17[-37.19,3.19]
Heterogeneity: Not applicable
Test for overall effect: Z=1.65(P=0.1)
Total *** 654 616 - 100% -39.1[-57.64,-20.56]
Heterogeneity: Tau?=333.3; Chi*=18.16, df=5(P=0); 1>=72.47%
Test for overall effect: Z=4.13(P<0.0001)

Favours intervention

-100

-50

50

100

Favours control
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Study or subgroup Control Intervention Mean Difference Weight Mean Difference
N Mean(SD) N Mean(SD) Random, 95% CI Random, 95% Cl
Test for subgroup differences: Chi*=3.4, df=1 (P=0.07), 1>=70.56%

Favours intervention ~ -100 -50 0 50 100 Favours control

ADDITIONAL TABLES

Table 1. Description of recruitment manoeuvre procedure

Study Mode Peak pressure Time PEEP titra- Mean PEEP Repetitions
tion dif- after RM
(cm H,0) (sec) fered be-
tween (cm H,0)
groups
Cavalcantiet PCV 60 (delivered incrementally) 240 Yes 16.1 Daily (+ after desatura-
al, 2013 tion or disconnection)
Hodgson PCV 55 (delivered incrementally) 360 Yes 174 Daily (+ after desatura-
2011 tion or disconnection)
Huh 2009 VCcv <55 (delivered incrementally NS Yes 10 Daily (+ after desatura-
to 25 ¢cm H,0 PEEP with decre- tion or disconnection)

mental tidal volume setting)

Kacmarek PCV <60 depending on the partici- 120 Yes 15.8 NS
2016 pant's response (delivered in-

crementally to PEEP 35 to 45

cm H,0)
Liu 2011 NS NS NS Yes NS NS
Meade 2008 PCv 40 40 Yes 14.6 Frequently after dis-

connection

Oczenski PCV 50 30 No 15.1 Once
2004
Wang 2009 BIPAP NS NS N/A NS Eight-hourly
Xi2010 CPAP 40 (cm H,0 CPAP) 40 No 10.5 Eight-hourly
Yang 2011 CPAP 40 (cm H,0 CPAP) 30 No NS Eight-hourly

Huh 2009 - RM with incremental and decremental titration cycled twice over 10 minutes.
BIPAP = bi-level positive airway pressure; CPAP = continuous positive airway pressure; NS = not stated; PCV = pressure-cycled ventilation;
sec = seconds; VCV = volume-cycled ventilation.

Table 2. Outcomes considered for this review

Study Mortality Oxygenation Adverse events
Cavalcantietal, 2013 N/A Pa0,/FiO, Barotrauma
Recruitment manoeuvres for adults with acute respiratory distress syndrome receiving mechanical ventilation (Review) 37
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Table 2. Outcomes considered for this review (continued)

Hodgson 2011 1.in hospital Pa0,/FiO, Barotrauma

Rescue therapies

Huh 2009 1.28-day Pa0,/FiO, Barotrauma
2.inICU Rescue therapies
Kacmarek 2016 1.in hospital Barotrauma
2.inlICU
Liu 2011 28-day Pa0,/FiO, Barotrauma
Meade 2008 1. 28-day Pa0,/FiO, Barotrauma
2. in hospital
. P Rescue therapies
3. inlCU
4. during mechanical ventilation
Oczenski 2004 N/A Pa0,/FiO, N/A
Wang 2009 N/A Pa0,/FiO, N/A
Xi 2010 1. 28-day Pa0,/FiO, Barotrauma
2. in hospital
3. inlCU
Yang 2011 N/A 1. SpO, Barotrauma
2. Pa0y/Fi0y Pneumonia

CO = cardiac output; FiO,/PEEP step = changes in level of inspired oxygen at set levels of positive end-expiratory pressure; HR = heart rate;
ICU =intensive care unit; MAP = mean arterial pressure; N/A = not available; PaO,/FiO, = fraction of arterial oxygen to inspired oxygen; SBP
= systolic blood pressure; SpO, = oxygen saturation from pulse oximetry.

APPENDICES

Appendix 1. MEDLINE OVID (January 1966 to August 2016)

#1 (recruit$ and (manoeuv$ or manouev$ or maneuv$ or manuevs)).af.

#2 (recruitment or derecruitment).ti,ab.

#3 exp respiration, artificial/ or exp positive pressure respiration/ or ventilat$.ti,ab.
#4 (recruit$ and (respirat$ or lung or pulmon$ or airways$)).af.

#5#2 or#3 or#4

#6. exp Lung/ or exp Respiratory Distress Syndrome, Adult/ or exp Atelectasis/

#7 ((lung adj injury) or (lung adj collapse$) or (alveoli adj collapse$) or atelecta$ or hypox?emia or hypoxic or oxygenation).ti,ab.
#8 #6 or #7

#9 #5 and #8

#10#1 or #9

#11 clinical trial$.af.

#12 randomi?ed.ti,ab.

#13 placebo.ti,ab.

#14 dt.fs.

#15 (random or randomly).ti,ab.

#16 (trial or trials).ti,ab.

#17. groups.ti,ab.
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#18 #11 or#12 or#13 or #14 or #15 or #16 or #17
#19 Animals/

#20 Humans/

#21 #19 and #20

#22 #19 not #21

#23 #18 not #22

#24 #10 and #23

Appendix 2. CINAHL OVID (January 1982 to August 2016)

#1 (recruit$ and (manoeuv$ or manouev$ or maneuv$ or manuevs)).af.

#2 (recruitment or derecruitment).ti,ab.

#3 exp Ventilation, Mechanical/ or exp Positive Pressure Ventilation/ or ventilat$.ti,ab.
#4 (recruit$ and (respirat$ or lung or pulmon$ or airway$)).af.

#5#2 or#3 or#4

#6 exp Lung/ or exp Respiratory Distress Syndrome, Acute/ or exp Atelectasis/

#7 ((lung adj injury) or (lung adj collapse$) or (alveoli adj collapse$) or atelecta$ or hypox?emia or hypoxic or oxygenation).ti,ab.

#8 #6 or #7

#9 #5 and #8

#10 #1 or #9

#11 clinical trial$.af

#12 randomi?ed.ti,ab

#13 placebo.ti,ab.

#14 dt.fs.

#15 (random or randomly).ti,ab.
#16 (trial or trials).ti,ab

#17 groups.ti,ab.

#18 #11 or #12 or #13 or #14 or #15 or #16 or #17
#19 #10 and #18

Appendix 3. CENTRAL, the Cochrane Library (2016, Issue 7)

#1 (recruit* and (manoeuv* or manouev* or maneuv* or manuev*))

#2 (recruitment or derecruitment):ti,ab

#3 MeSH descriptor Respiration, Artificial explode all trees

#4 MeSH descriptor Positive-Pressure Respiration explode all trees

#5 (ventilat*):ti,ab

#6 (recruit* and (respirat* or lung or pulmon* or airway*))

#7 (#2 or #3 or #4 or #5 or #6)

#8 MeSH descriptor Lung explode all trees

#9 MeSH descriptor Respiratory Distress Syndrome, Adult explode all trees
#10 MeSH descriptor Atelectasis explode all trees

#11 (lung NEXT injury):ti,ab or (lung NEXT collaps*):ti,ab or (alveoli NEXT collaps*):ti,ab or (atelecta* OR hypox?emia OR hypoxic OR

oxygenation):ti,ab

#12 (#8 or #9 or #10 or #11)
#13 (#7 and #12)

#14 (#1 or #13)

Appendix 4. Embase OVID (January 1980 to August 2016)

#1 (recruit$ and (manoeuv$ or manouev$ or maneuv$ or manuevs)).af.

#2 (recruitment or derecruitment).ti,ab.

#3 exp Artificial Ventilation/ or exp Positive End Expiratory Pressure/ or
ventilat$.ti,ab.

#4 (recruit$ and (respirat$ or lung or pulmon$ or airway$)).af.

#5#2 or #3 or #4

#6 exp atelectasis/ or exp acute lung injury/ or exp adult respiratory distress
syndrome/ or exp Lung Injury/

#7 ((lung adj injury) or (lung adj collapse$) or (alveoli adj collapse$) or atelecta$
or hypox?emia or hypoxic or oxygenation).ti,ab.

#8 #6 or #7

#9 #5 and #8

#10 #1 or #9
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#11 clinical trial$.af.

#12 random?ed.ti,ab.

#13 placebo.ti,ab.

#14 dt.fs.

#15 (random or randomly).ti,ab.
#16 (trial or trials).ti,ab.

#17 groups.ti,ab.

#18 #11 or #12 or #13 or #14 or #15 or #16 or #17
#19 exp Animal/

#20 Human/

#21 #19 and #20

#22 #19 not #21

#23 #18 not #22

#24 #10 and #23

Appendix 5. LILACS OVID (January 1982 to August 2016)

(("recruit$" or "derecruit$" or "respiration, artificial" or "artificial respiration" or "respiration, artificial/" or "recruitment" or "positive-
pressure respiration"” or "ventilat$")) and (("oxygenation" or "hypoxic" or "hypoxaemia" or "hypoxemia" or "atelecta$" or "alveoli collapse
$" or "lung collapseS$" or "lung injury" or "lung" or "respiratory distress syndrome, acute/" or "respiratory distress syndrome, adult/" or
"atelectasis"))

WHAT'S NEW

Date Event Description
14 December 2018 Amended Editorial team changed to Cochrane Emergency and Critical Care
HISTORY

Protocol first published: Issue 3, 2007
Review first published: Issue 2, 2009

Date Event Description

1 August 2016 New citation required and conclusions We added Meredith Young and Ewan Goligher as review authors.

have changed
The conclusions of this review have changed with the inclusion

of new studies.

1 August 2016 New search has been performed We updated the title to match the Berlin definition of acute res-
piratory distress syndrome (ARDS) (ARDS Definition Task Force
2012).

We updated the search from May 2008 to August 2016. We found
15 new studies; we included 8 and excluded 4, 2 are ongoing and
1is awaiting classification.

We added a new risk of bias table.

We updated methods and outcome measures. We removed
length of stay (hospital and ICU) as an outcome, as it is not re-
ported for both survivors and non-survivors. We removed blood
pressure as an outcome, as it was reported generally as a short-
term outcome. We added use of rescue therapies as an outcome.

We redefined the control group standard of care as "protective
lung ventilation".
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Date Event Description

We excluded the Amato 1998 study, as investigators used 12 mL/
kg in the control group, which is not standard care.

We excluded cross-over trials from the included studies.

We assessed the strength of the evidence by using GRADE.

9 May 2012 Amended We updated contact details.
23 November 2010 Amended We updated contact details.
2 September 2008 Amended We converted this review to the new review format.

CONTRIBUTIONS OF AUTHORS

Carol Hodgson (CH), Ewan C Goligher (EG), Meredith E Young (MY), Jennifer L Keating (JK), Anne E Holland (AH) Lorena Romero (LR), Scott
J Bradley (SB), David Tuxen (DT).

Conceiving of the review: CH, JK, DT.

Co-ordinating the review: CH, JK.

Undertaking manual searches: CH, LR.

Screening search results: CH, SB, EG.

Organizing retrieval of papers: CH, LR, MY.

Screening retrieved papers against inclusion criteria: CH, SB, EG, MY.

Appraising the quality of papers: CH, SB, EG, MY.

Abstracting data from papers: CH, SB, EG, MY.

Writing to authors of papers for additional information: CH, MY.

Providing additional data about papers: CH.

Obtaining and screening data from unpublished studies: CH, MY.

Managing data for the review: CH, JK.

Entering data into Review Manager (RevMan 5.3): CH, JK, MY.

Analysing RevMan statistical data: CH, JK, AH.

Performing other statistical analysis not using RevMan: CH, JK, AH.

Performing double entry of data: data entered by person one, CH; data entered by person two, JK.
Interpreting data: CH, JK, AH, EG, DT.

Making statistical inferences: CH, JK, EG.

Writing the review: CH, AH, DT, JK, SB, LR.

Securing funding for the review: CH, DT, AH, JK.

Performing previous work that provided the foundation for the present study: CH, DT, EG.
Serving as guarantor for the review (one review author): CH.

Taking responsibility for reading and checking the review before submission: DT.
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Internal sources

« No sources of support, Australia.
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« No sources of support, Australia.
DIFFERENCES BETWEEN PROTOCOL AND REVIEW
We made the following changes to the protocol (Hodgson 2007) in August 2016.

1. One author, Andrew R Davies, was not involved in the update. Two new additional co-authors were added (EG and MY).

2. We changed the title and content to reflect the Berlin definition of ARDS and removed the term 'acute lung injury' (ARDS Definition
Task Force 2012).

3. We updated the search to August 2016. We found 15 new studies; we included three of these and excluded nine, two are ongoing and
one is awaiting classification.

4. We added new risk of bias tables.

5. We updated methods and outcome measures. We removed length of stay (hospital and ICU) as an outcome, as it is not reported for
survivors and non-survivors. We removed blood pressure as an outcome, as generally it was reported as a short-term outcome. We
added use of rescue therapies as an outcome.

6. We redefined the control group standard of care as "protective lung ventilation"
7. We excluded Amato 1998, as investigators used 12 mL/kg in the control group, which is not standard care.
8. We excluded cross-over trials from the included studies, as we could not assess the primary outcome with this type of study.

INDEX TERMS

Medical Subject Headings (MeSH)

Acute Lung Injury [mortality] [*therapy]; Oxygen Consumption; Positive-Pressure Respiration, Intrinsic; Pressure [adverse effects];
Randomized Controlled Trials as Topic; Respiration, Artificial [*methods]; Respiratory Distress Syndrome [mortality] [*therapy]

MeSH check words
Adult; Humans; Young Adult
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