SUPPLEMENT

ESICM Guidelines on Acute Respiratory Distress Syndrome: Definition, phenotyping and respiratory support strategies

Panel selection and management of potential conflicts of interest

The expert panel was selected in a multi-stage process. Initially, ESICM leadership appointed the 3 guideline co-chairs and a number of panel members (approximately 60-70% of the overall total members). Next, the guideline co-chairs identified additional experts who were invited to join, keeping in mind areas of expertise as well as diversity in geographic origin, practice type, gender, race-ethnicity, and other factors. Finally, the domain chairs for each group were asked to consider whether their domain was sufficiently diverse and representative of a variety of viewpoints, and to propose additional panel members if needed.  
The domain chairs and guideline chairs explicitly discussed the optimal method for handling potential conflicts of interest (COI). The consensus of this group was that full disclosure of COI would be a mandatory requirement for participation in the guideline process, but that the guideline leadership would not attempt to pass judgment on what constituted significant COI from either academic or financial sources, since these decisions would likely be somewhat arbitrary. Instead, the COI information provided by each member would be provided at the time of publication so that readers could evaluate it for themselves. In terms of voting, no members were recused from voting; however, voting was anonymous via on online survey in order to minimize the effects that an outspoken participant could have on the group’s decisions.  Also, given the size of the panel and the pre-specified requirement for 80% agreement for all recommendations, the influence of a single member of the panel on any given decision was minimal.  

PICO questions
Members of each of the eight domains formulated questions following the Patients/Population- Intervention - Control - Outcome (PICO) structure.
The guidelines were focused on patients with acute respiratory distress syndrome (ARDS) according to the definitions currently used at the time of the conduction of the studies. In the case of patients that were not intubated, intrinsically not matching the definitions of ARDS, we considered acute hypoxemic respiratory failure as the study clinical condition. We also included in our search studies dealing with patients affected by severe COVID pneumonia.
The guidelines were focused on adult patients.
Interventions and controls mirrored the contents of the PICOs.

Outcomes: Mortality
We considered hospital mortality as a valuable outcome since it represents the effect of intervention at the end of the acute phase of the disease. Follow-up outcomes, such as 60-day, 90-day, or one-year mortality were also regarded as reliable. Early mortality, such as at 30-28 days, was considered a less reliable information since many of the patients enrolled in the study may still be in the ICU with an uncertain prognosis. Thus, a treatment that only delays mortality may be considered effective while it may not. ICU mortality also was regarded having relevant limitations, for ARDS that has high post- discharge mortalities and may be affected by discharge policies.

Other outcomes
Several outcomes have been proposed in the field of critical care studies [1, 2]. Among the methodologists made a selection trying to include only those at less risk of bias.
1. Days free from mechanical ventilation: this outcome accounts for mortality and it is thus to be preferred to other such extubation success or intubation rates. In open label studies the risk is that ventilation stop and extubation may be unnecessarily delayed. Thus, when this outcome is chosen, evidence is rated down for risk of bias according to the GRADE method and concerns should be also raised using the Rob2 method. Moreover, since it is usually measured at 28 days, it suffers from the same limitation mentioned for early mortality.
2. Duration of ventilation and length of stay: these outcomes do not account for mortality. Indeed, we may have higher mortalities with shorter average duration of stays or ventilation. The condition to use these outcomes was that mortality rates in the two arms were very close.
3. Success of extubation and reintubation rate: these outcomes also suffer from the limitation that they do not account for mortality. For example, when success of extubation is evaluated within a 48-hour frame, late failures that could be related to higher mortality will not be accounted for. We did not consider these outcomes.
4. Intubation rate: This outcome is frequently used in studies investigating non-invasive respiratory support strategies. It also suffers from the fact that mortality is not accounted for. Patients may be only ventilated non-invasively, and die after even a long time during the hospital stay. In some studies, indeed, the mortality rate is higher than the intubation rate. We, thus, considered this outcome reliable only when the do-not-intubate orders had similar frequency in the experimental and the control arm.

Adverse effects
We considered adverse effect connected to the different interventions. We focused on barotrauma and pneumothorax, severe acute adverse hemodynamic effects, and complications connected to invasive procedures such as ECMO and CO2 removal.


Literature search, data extraction, and quality of evidence evaluation
For each PICO we conducted a systematic review of the literature using only the PubMed provider as the source of literature and including only study published in English.
As a general rule the search was extended from inception to the date when the search string was run. However, in specific cases time restrictions could be applied. The rationale for such choices was always clearly stated.
We also selected only randomized controlled trials, although we considered non-randomized studies when the members of the domains felt that important evidence could be available from that source. However, non-randomized trials were accepted only if they used an appropriate statistical approach to control for confounding.
The review was conducted complying with the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) statement recommendations [3].
The search strings were developed by the methodologists in collaboration with each subgroup, consistently with the PICO questions. The first step was to write the string and test its sensitivity on a
list of articles that the experts provided and considered representative of the studies that were the target of the search. Two members of each subgroup performed the selection of the titles and, in the subsequent step, of the selected abstracts according to precise inclusion criteria based on the PICO questions. Finally, the methodologists performed the review and selection of full-text articles
Data from articles selected for full-text analysis were extracted using a standardized electronic form. We presented categorical variables as event rates in treatment arms and controls, absolute risks, absolute risk reductions, and relative risks. We reported multivariable model results as adjusted odds (OR) or hazard ratios (HR). We also calculated numbers needed to treat (NNT) for benefit or harm (NNTB and NNTH, respectively) for dichotomous outcomes. For all the above measures we calculated 95%- confidence intervals (95%-CI). In the specific case of NNT, when the result is not significant, confidence intervals will range between NNTB and NNTH, separated by an infinity value which corresponds to an absolute risk difference of zero.
Continuous variables were be reported as means or medians, standard deviation (SD) or interquartile ranges (IQR). No conversion of medians in means was performed because of the strong assumptions that need to be met to have reliable results.

Evidence grading
The methodologist will perform the rating of the quality of the evidence provided by the retrieved literature. We will rank the evidence provided by the selected studies according to the GRADE criteria. GRADE rates evidence quality on a four-level scale ranging from “high” to “very low”, according to the confidence that raters have on the estimates of the effect [4]. RCTs provide by default “high” quality evidence, that can be downgraded if methodological biases or other limitations are present. Observational studies, instead, are initially rated as “low” quality but can be up- or down- graded depending on specific features. The GRADE rating system considers crucial an adequate control for confounders which implies that when a model purpose is explanatory, at least the most relevant prognostic factors should be measured and included in the model [5-7].
In a first step we will perform single studies risk of bias assessment and then perform a synthesis of overall evidence according to the GRADE criteria. For each outcome a different rating of quality of evidence will be performed.
We will also evaluate the quality of reporting of each study consistently with the EQUATOR (Enhancing the QUAlity and Transparency Of health Research) network guidelines [8].

Meta-analysis
We did not combine raw frequencies from observational studies investigating the effectiveness of interventions, because of the lack of control for confounding. The combination of adjusted odds ratios, on the other hand, was also not performed because different studies adjusted for different covariates and the odds ratios have different meaning. Quality of observational studies was assessed according to the ROBINS-I method.
The combinations of RCTs in a meta-analysis were based on two a priori and one a posteriori criteria. The first two are clinical and methodological homogeneity.
Clinical homogeneity concerns the type of patients and the case-mix, interventions, controls, and outcomes. The inclusion of studies in a meta-analysis, in general terms, will be based on the inclusion of patients and treatments that one would include in a single randomized controlled trial. The implication is that differences across studies included in the same meta-analyses are not expected to affect qualitatively (protective, harmful, or neutral effect are the three qualitative categories we have considered) the effect of the intervention on the outcome. Clinical homogeneity assessment was assessed by the experts of each domain.
Methodological homogeneity, was instead assessed by the methodologists, and was based on the quality of evidence provided by the studies. Trials with moderate to high quality of evidence (according to the GRADE and RoB2 risk of bias tools, and small trial of bias assessment) were combined in the primary analysis, while all the trials were combined in the secondary analysis. When evidence from primary and secondary analyses were inconsistent, only the results from the primary analysis were considered.
Finally, statistical homogeneity was assessed post hoc, after meta-analyzing the trials.
We used random-effects models with restricted maximum-likelihood for the estimation of variance (REML)[9]. Heterogeneity will be measured with I2, the percentage of total variation attributable to true heterogeneity and not to chance[10, 11], performing the Cochran’s Q statistical test under the null hypothesis of homogeneity [12]. Although some authors consider I2 as a descriptive statistics more than a point estimate [13], we will report I2 95%-confidence intervals, an approach which is considered important by some authors for the assessment of heterogeneity [14-16]. We will use funnel plots to illustrate graphically presence of asymmetry and potential publication bias, associated with Egger’s regression [17] only when at least 15 studies were available because of the high rate of false negatives that occurs when less studies are analyzed [18].
When results were reported as medians, we did not perform any conversion to means because at high risk of being imprecise, but performed the meta-analyses independently. Medians were meta-analyzed according to the McGrath and collaborators [19, 20].
The results of the meta-analyses were depicted in Forest plots, reporting relative risks for dichotomous outcomes and median or means for continuous outcomes with their confidence intervals, z and p values for overall effect, I2 values with 95%-CI, p values for Cochran’s Q test. In case of subgroup analyses the same results were reported for subgroups, moreover z and p values for interaction tests were also provided.
When indicated cumulative meta-analyses were performed.
To investigate heterogeneity, we considered I2 values paying the greatest attention to the confidence interval range more than to the estimate. When the lower and the upper boundary ranged between low (25-50 %) to high (>75%) values, the analysis was considered inconclusive.
To spot outlier studies in the meta-analysis we used the double p plot that combines in a scatter plot, p values for the overall effect and p values for Cochran’s Q test, after running meta-analyses removing in turn one trial at the time. This plot provides visual information on possible outliers. Formally we investigated the differences between the outlier study and the rest of the studies with an interaction test.

Restitution to the domains
The results of the analyses were provided to each domain in dedicated summary documents, that included besides the Forest plots, a detailed description of the search process and of article selection, the characteristics of each study (dedicated forms were available at the end of each document), the reason for combining the trials in meta-analyses, the individual and overall risk of bias, and the strength of evidence provided by the meta-analyses.
These results were also discussed for each domain in dedicated meetings between the methodologists and the experts. The direction and quality of evidence were reported and the clinical interpretation of the findings was performed.
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AHRF	Acute Hypoxemic Respiratory Failure
ALI	Acute Lung Injury
ARDS	Acute Respiratory Distress Syndrome
BiPAP	Bilevel positive Airway pressure
Cdyn	Compliance of the respiratory system (dynamic)
CI	Confidence Interval
cmH2O	Centimeters of water
COVID-19	Coronavirus disease 2019
CONSORT	Consolidated Standards of Reporting Trials
COLP	Combined open lung procedure
COPD	Chronic obstructive pulmonary disease
COT	Conventional oxygen therapy
CPAP	Continuous positive airway pressure
Crs	Compliance of the respiratory system (static)
DP	Driving pressure
DrivPress	Driving pressure
ECCO2R	Extracorporeal CO2 Removal
ECMO	Extracorporeal Membrane Oxygenation
FiO2	Fraction of Inspired Oxygen
GRADE	Grading of Recommendations, Assessment, Development and Evaluation
HFNC	High-flow nasal cannula
HFNO	High-flow nasal oxygen
IBW	Ideal Body Weight
ICU	Intensive Care Unit
IQR	Interquartile range
LUS	Lung ultrasound
NA	Not available
NIV	Non-Invasive ventilation
NMBA	Neuromuscular blocking agent
NNTB	Number needed to treat for an additional beneficial outcome
NNTH	Number Needed to Harm
NR	Not reported
P/F	PaO2/ FiO2 ratio
PaCO2	Partial pressure of carbon dioxide in arterial blood
PaO2	Partial pressure of oxygen in arterial blood
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PBW	Predicted body weight
PCV	Pressure-controlled ventilation
PeakP	Peak airway pressure
Pflex	Lower inflection point
PEEP	Positive end-expiratory pressure
PICO	Patient Intervention Control Outcome
PL-exp	End-expiratory transpulmonary pressure PL-insp	End-inspiratory transpulmonary pressure Pplat	Plateau Pressure
PRISMA	Preferred Reporting Items for Systematic Reviews and Meta-Analyses
PS	Pressure support
PSV	Pressure support ventilation
RCT	Randomized controlled trial
RM	Recruitment manoeuvre
RR	Risk Ratio
SD	Standard deviation
SpO2	Peripheral oxygen saturation
SRM	Staircaise recruitment manoeuvre
TV	Tidal volume
US	Ultrasound
USA	United States of America
VCV	Volume-controlled ventilation
VFD	Ventilator-free days
VT	Volume, tidal
VV-ECMO	Veno-venous Extracorporeal Membrane Oxygenation




In non-mechanically ventilated patients with acute hypoxemic respiratory failure (AHRF) not due to cardiogenic pulmonary edema or acute exacerbation of COPD, does HFNO compared to conventional oxygen therapy (COT) reduce mortality or intubation?

Literature search and synthesis
PubMed search was performed with a single string for the two PICO questions addressed by domain 3, regarding HFNO vs. O2 or vs. NIV/CPAP (Figure 1). Seven trials investigated HFNO vs. O2 [1-7].

Clinical heterogeneity
Patients
All the studies involved patients with acute respiratory hypoxemic failure, with PaO2/FiO2 values below 200 mmHg in three studies focused on COVID-19 [4, 6, 7], not reported in one COVID-19 study [3], or less than 300 mmHg in three studies enrolling immunosuppressed patients [1, 2] or non-immunosuppressed patients [5]. The members of the domain regarded that the differences in terms of causes of respiratory failure (COVID-19 vs. non COVID-19, and the presence or not of immunosuppression) did not justify subgroup analyses as our primary approach but only as secondary analyses.

Interventions and controls
HFNO was administered with initial flows ranging between 30 and 50 L/min, with the aim of maintaining a SpO2 of at least 92% or equal or greater than 94% [1] and 95% [2]. The control was continuous administration of O2 through different interfaces even within the same study, with the same saturation targets as in the intervention arm. The specific interfaces used for conventional oxygen therapy are detailed in the study sheets at the end of this document. Patients in both intervention and control groups were regarded as sufficiently homogeneous to allow the meta-analytical combination of all the studies. The main characteristics of the studies are reported in Table 1.
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Selected outcomes (and corresponding Forest plots)
Early mortality, at 28-30 days [1, 2, 5-7] or in the ICU [4] was the outcome for the mortality meta-analysis. This is not the best outcome when dealing with clinical conditions with prolonged ICU stays and significant mortality in the hospital after ICU discharge.
The study by Bouadma and collaborators, instead, reported mortality at 60 days [3]. The second outcome we investigated was intubation rate at 28-30 days, reported by six studies [1, 2, 4-7].


Individual quality of evidence and methodological heterogeneity
The study by Bouadma and collaborators, was based on a factorial randomization design where the main factor of randomization was being treated with high versus standard doses of steroids [3]. This kind of design has the advantage of studying multiple interventions (the other level of randomization was the management with or without non-invasive ventilatory supports), but it requires analytical approaches to account for potential interactions between the different treatments tested in the trial [8, 9]. For this reason and since the trial did not report early mortality but only at 60 days, we decided not to include it in the primary analysis, although a sensitivity analysis including it was carried out.
For the intubation rate outcome risk of bias was increased because of lack of blinding. Studies were homogeneously of high quality, with low risk of bias according to the GRADE and RoB2 tools for individual study evaluation (Table 2 and 3, and single study form at the end of this document), and could be combined in the same meta-analysis with the exception of one that did not report the required outcomes [3].

Overall quality of evidence and statistical heterogeneity
Formal assessment of heterogeneity was inconclusive, with I2 values ranging from absence of heterogeneity to high values for both outcomes as depicted in figures 2, 3


(for the sensitivity analysis for mortality) and 4. There was no evidence of early mortality reduction attributable to the intervention and the sensitivity analysis including the trial by Boaudma et al. provided consistent findings. There was, instead, a significant intubation rate reduction. Overall evidence was rated high according to the GRADE and the RoB2 methods when dealing with mortality (figures 6 and 7, Table 4) but rated down for the intubation outcome because of lack of blinding (overall evidence regarded moderate according to the GRADE).
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MEDLINE (PubMed)
1595 studies
1578 excluded after title and abstract screening
0 full- text from other sources
17 RCTs
available in total for full-text
6 excluded after full-text screening: not consistent with PICO criteria
11 eligible RCTs


 
7 RCTs for HFNO vs. O2

4 RCTs for HFNO vs.
NIV/CPAP
















Figure 1: Studies selection diagram.



Figure 2. Meta-analysis of the six trials included in the primary analysis, outcome mortality.



Figure 3. Meta-analysis of the six trials included in the sensitivity analysis adding the trial by Bouadma and coworkers
[3], outcome mortality.



Figure 4. Meta-analysis of the six trials reporting the intubation rate.
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Figure 5. RoB2 assessment of overall evidence, outcome mortality.
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Figure 6. RoB2 assessment of overall evidence, outcome intubation rate.
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Frat - JAMA 2022

Frat - NEJM 2015

Azoulay - JAMA 2018
Apltekinoğlu Mendil - Turk J Med Sci 2021


Experimental

Control

Experimental

Control

Experimental

Control

Experimental

Control

Experimental

Control

Experimental

Control

Experimental

Control

N patients

99

100

415

368

115

109

357

354

106

94

388

388

51

49

Age Median (IQR)
60 (50-69)*
59 (49-67)*
57.6 (13)
57.6 (12.7)
66.8 (58.9-71.9)*
67.4 (60.8-72.3)*
61 (12)
61 (12)
61 (16)
59 (17)
64 ((55-70))*
63 ((56-71))*
58 ((18-86))°
59 ((27-81))°

Females n ( %)
28 (28.3)
37 (37)
146 (35.2)
163 (44.3)
24 (20.9)
25 (22.9)
107 (30)
107 (30.2)
31 (29.2)
31 (33)
118 (30.4)
141 (36.3)
18 (35.3)
16 (32.7)

SAPS II Mean (SD)
NA (NA)
NA (NA)
NA (NA)
NA (NA)
NA (NA)
NA (NA)
NA (NA)
NA (NA)
25 (9)
24 (9)
36 (28-46)*
37 (28-48)*
NA (NA)
NA (NA)

PaO2/FiO2 Median (IQR)
104 (85-132)*
105 (85-141)*
115 (80.9-168.4)*
113.8 (84.8-150.9)*
NA (NA)*
NA (NA)*
128 (31)
132 (31)
157 (89)
161 (73)
136 (96-187)*
128 (92-164)*
257 (259-295)
276 (190-295)

SOFA Median (IQR)
4 (3-4)*
4 (3-4)*
NA (NA)*
NA (NA)*
3 (2-4)*
3 (2-4)*
NA (NA)
NA (NA)
NA (NA)
NA (NA)
6 (4-8)*
6 (4-8)*
6 (2-10)
5 (0-10)

Centers included
3
48
19
34
23
32
1

n pts/centre/year
159
15
1
NA
4
15
52
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RoB2
	Bias arising from the randomization process
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Table 2. RoB2 quality of evidence assessment, outcome mortality, including the study by Bouadma that was not meta- analysed in the primary analysis.
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Table 3. RoB2 quality of evidence assessment, outcome intubation rate.✚✚✚✚
High
✚✚✚☐
Moderate
6

6
28-30-day mortality 28-30-day intubation
Quality
Control	Relative Risk
n (%)	[95%-CI]
N. of	Treatment
RCTs	n (%)
Outcome
Overall quality assessment
Risk of bias
Inconsistency
Indirectness
Imprecision
Publication bias








280/1416
288/1353
0.95
(19.8)
(21.3)
[0.82, 1.09]
571/1416
614/1353
0.89
(40.3)
(45.4)
[0.81,0.97]

No
No
No
No
No
Serious
No
No
No
No


Table 4. GRADE quality of evidence rating reported for the two outcomes.
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[image: ]HFNO vs. O2 - early mortality	12/11/2022

	SINGLE RCT QUALITY ASSESSMENT
	Question: In non-intubated adults with AHRF, due to COVID, does HFNO reduce ICU mortality, as compared to conventional oxygen therapy (COT)?

	RCT 1
	Parallel
	Superiority
	III

	Ospina-Tacson
	JAMA
	2021
	Centers included

	Patients
	COVID-19 ARDS patients with P/F<200
	3

	Treatment
	HFNO Initial set flow at 60L/min, FiO2 titrated to obtain SpO2 ≥92%

	Control
	Conventional Oxygen, through nasal prongs or venturi mask and FiO2 titrated to obtain SpO2 ≥92%

	Outcome
	28 day mortality
	Outcome reported in the trial registration
	

	
	
	Outcome quality: Clinically important
	Undesirable effects

	
	Number of patients
	n (%)
	uspected bacterial pneumoniae

	Treatment
	99
	8 (8.1)
	13.1

	Control
	100
	16 (16) [Expected rate: NA]
	17.0

	Total
	199
	24 (12.1)
	15.1 (p 0.44)

	delta -7.9 (95%-CI -17.2 to 1.3)
	NNTB 13 (95%-CI NNTB 6 to ∞ to NNTH 78)

	Sample size calculation not based on this outcome
	p for effect size 0.11 (calculated 0.084)
	Power for the observed delta: 0.41
	Power by design: 0.8

	Planned sample size:
	Sample size needed for observed delta: 507
	

	Calculated sample size for predicted delta: not
computable
	GRADE CRITERIA
	

	







Downgrade (GRADE AND ROB2)
	Lack of allocation concealment
	No

	
	Lack of Blinding
	Yes

	
	Selective outcome reporting bias
	No

	
	Incomplete accounting of patients and outcome
events
	
No

	
	Stopping early for benefit/using unvalidated
outcome measures
	
No

	
	Risk of bias of the single RCT
	No

	
	ROB2 CRITERIA
	

	
	Bias arising from the randomization process
	Low risk

	
	Bias due to deviations from intended interventions
	Low risk

	
	Bias due to missing outcome data
	Low risk

	
	Bias in measurement of the outcome
	Low risk

	
	Bias in selection of the reported result
	Low risk

	
	Overall risk of bias
	Low risk

	







Comments
	

GRADE: Lack of Blinding: Maybe the lack of blinding does not affect this outcome ; ROB2:Overall risk of bias: Low risk.

	
Methodological and statistical quality
	
Statistical reporting (CONSORT)
	
Overall risk of bias
	
External validity issues

	

High
	

Adequate
	

GRADE: No; ROB2: Low risk
	

No




	SINGLE RCT QUALITY ASSESSMENT
	Question: In non-intubated adults with AHRF, due to COVID, does HFNO reduce ICU mortality, as compared to conventional oxygen therapy (COT)?

	RCT 2
	Parallel
	Superiority
	III

	Perkins
	JAMA
	2022
	Centers included

	Patients
	COVID-19 ARDS patients with P/F<200
	48

	Treatment
	HFNO Initial set flow at 60L/min, FiO2 titrated to obtain SpO2 ≥92%

	Control
	Conventional Oxygen nasal prongs or venturi mask and FiO2 titrated to obtain SpO2 ≥92%

	Outcome
	Mortality within 30 days
	Outcome reported in the trial registration
	

	
	
	Outcome quality: Clinically important
	Undesirable effects

	
	Number of patients
	n (%)
	%

	Treatment
	415
	78 (18.8)
	0.0

	Control
	368
	74 (20.1) [Expected rate: NA]
	0.0

	Total
	783
	152 (19.4)
	#DIV/0!

	delta -1.3 (95%-CI -6.9 to 4.2)
	NNTB 76 (95%-CI NNTB 14 to ∞ to NNTH 24)

	Expected delta:
	p for effect size 0.66 (calculated 0.644)
	Power for the observed delta: 0.07
	Power by design: 0.9

	Planned sample size:
	Sample size needed for observed delta: 29704
	

	Calculated sample size for predicted delta: not
computable
	GRADE CRITERIA
	

	







Downgrade (GRADE AND ROB2)
	Lack of allocation concealment
	No

	
	Lack of Blinding
	Yes

	
	Selective outcome reporting bias
	No

	
	Incomplete accounting of patients and outcome
events
	
No

	
	Stopping early for benefit/using unvalidated
outcome measures
	
Maybe

	
	Risk of bias of the single RCT
	Serious

	
	ROB2 CRITERIA
	

	
	Bias arising from the randomization process
	Low risk

	
	Bias due to deviations from intended interventions
	Low risk

	
	Bias due to missing outcome data
	Low risk

	
	Bias in measurement of the outcome
	Low risk

	
	Bias in selection of the reported result
	Low risk

	
	Overall risk of bias
	Low risk

	







Comments
	

GRADE: Stopping early for benefit/using unvalidated outcome measures: Due to rapid decline in hospitalized patients with COVID-19 in the UK; ROB2:Overall risk of bias: Low risk.

	
Methodological and statistical quality
	
Statistical reporting (CONSORT)
	
Overall risk of bias
	
External validity issues

	

High
	

Adequate
	

GRADE: Serious; ROB2: Low risk
	

No
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	SINGLE RCT QUALITY ASSESSMENT
	Question: In non-intubated adults with AHRF, due to COVID, does HFNO reduce ICU mortality, as compared to conventional oxygen therapy (COT)?

	RCT 3
	Parallel
	Superiority
	III

	Bouadma
	JAMA Int Med
	2022
	Centers included

	Patients
	COVID-19 severe AHRF, PaO2/FiO2 ≤ 300
	19

	Treatment
	HFNO Initial set flow at 30L/min, up to 60 L/min, FiO2 titrated to obtain SpO2≥ 92%

	Control
	Conventional oxygen face mask, oxygen titrated to obtain SpO2 ≥92%

	Outcome
	Overall survival at 60 days
	Outcome reported in the trial registration
	

	
	
	Outcome quality: Clinically important
	Undesirable effects

	
	Number of patients
	n (%)
	Different adverse events %

	Treatment
	115
	30 (26.1)
	

	Control
	109
	32 (29.4) [Expected rate: NA]
	

	Total
	224
	62 (27.7)
	

	delta -3.3 (95%-CI -14.9 to 8.4)
	NNTB 31 (95%-CI NNTB 7 to ∞ to NNTH 12)

	Sample size calculation not based on this outcome
	p for effect size NR (calculated 0.584)
	Power for the observed delta: 0.08
	Power by design: Not reported

	Planned sample size:
	Sample size needed for observed delta: 5699
	

	Calculated sample size for predicted delta: not computable
	
GRADE CRITERIA
	

	







Downgrade (GRADE AND ROB2)
	Lack of allocation concealment
	No

	
	Lack of Blinding
	No

	
	Selective outcome reporting bias
	No

	
	Incomplete accounting of patients and outcome
events
	
No

	
	Stopping early for benefit/using unvalidated
outcome measures
	
No

	
	Risk of bias of the single RCT
	No

	
	ROB2 CRITERIA
	

	
	Bias arising from the randomization process
	Low risk

	
	Bias due to deviations from intended interventions
	Some concerns

	
	Bias due to missing outcome data
	Low risk

	
	Bias in measurement of the outcome
	Low risk

	
	Bias in selection of the reported result
	Low risk

	
	Overall risk of bias
	Some concerns

	







Comments
	
GRADE: ROB2:Bias due to deviations from intended interventions: Regarding the oxygenation supply, there were an imbalance in adherence of the allocated group, with only 77 (70.6%) compliers in the standard oxygen group, 89 (81.7%) in the CPAPgroup, and 110 (95.7%) in the HFNO group (p<0.001, by the exact Fisher test); Overall risk of bias: Some concerns.

	
Methodological and statistical quality
	
Statistical reporting (CONSORT)
	
GRADE and ROB2 criteria
	
External validity issues

	

High
	

Adequate
	

GRADE: No; ROB2: Some concerns
	

No




	SINGLE RCT QUALITY ASSESSMENT
	Question: In non-intubated adults with AHRF, due to COVID, does HFNO reduce ICU mortality, as compared to conventional oxygen therapy (COT)?

	RCT 4
	Parallel
	Superiority
	III

	Frat
	JAMA
	2022
	Centers included

	Patients
	COVID-19 ARDS patients with P/F<200
	34

	Treatment
	HFNO Initial set flow at 60L/min, FiO2 titrated to obtain SpO2 ≥92%

	Control
	Conventional Oxygen nasal prongs or venturi mask and FiO2 titrated to obtain SpO2 ≥92%

	Outcome
	28 day mortality
	Outcome reported in the trial registration
	

	
	
	Outcome quality: Clinically important
	Undesirable effects

	
	Number of patients
	n (%)
	%

	Treatment
	357
	36 (10.1)
	NR

	Control
	354
	40 (11.3) [Expected rate: NA]
	NR

	Total
	711
	76 (10.7)
	NR ()

	delta -1.2 (95%-CI -5.8 to 3.4)
	NNTB 82 (95%-CI NNTB 17 to ∞ to NNTH 30)

	Expected delta:
	p for effect size 0.6 (calculated 0.6)
	Power for the observed delta: 0.08
	Power by design: Not reported

	Planned sample size:
	Sample size needed for observed delta: 19688
	

	Calculated sample size for predicted delta: not
computable
	GRADE CRITERIA
	

	






Downgrade (GRADE AND ROB2)
	Lack of allocation concealment
	No

	
	Lack of Blinding
	Yes

	
	Selective outcome reporting bias
	No

	
	Incomplete accounting of patients and outcome
events
	
No

	
	Stopping early for benefit/using unvalidated
outcome measures
	
No

	
	Risk of bias of the single RCT
	No

	
	ROB2 CRITERIA
	

	
	Bias arising from the randomization process
	Low risk

	
	Bias due to deviations from intended interventions
	Some concerns

	
	Bias due to missing outcome data
	Low risk

	
	Bias in measurement of the outcome
	Low risk

	
	Bias in selection of the reported result
	Low risk

	
	Overall risk of bias
	Some concerns

	






Comments
	
GRADE: Lack of Blinding: Uninfluential on mortality; Methodological and statistical quality: Inclusion criteria may not match indications for NIV; ROB2:Bias due to deviations from intended interventions: Alhtough planned in the protocol, 26 patients in the O2 group were treated with NIV as a rescue therapy, and in 7 cases intubation was prevented; Overall risk of bias: Some concerns.

	
Methodological and statistical quality
	
Statistical reporting (CONSORT)
	
Overall risk of bias
	
External validity issues

	

Low
	

Adequate
	

GRADE: No; ROB2: Some concerns
	

No




	SINGLE RCT QUALITY ASSESSMENT
	Question: In non-intubated adults with AHRF, does HFNO reduce ICU mortality, as compared to conventional oxygen therapy (COT)?

	RCT 5
	Parallel
	Superiority
	

	Frat
	NEJM
	2015
	Centers included

	Patients
	Adult patients with AHRF (PaO2/FiO2≤300 on O2≥ 10 L/min for ≥ 15min)
	23

	Treatment
	HFNO for at least 48h, flow of 50L/m, FiO2 and flow ad-justed to maintain an Spo2 of 92% or more 100% at
initiation, then titrated for SpO2 ≥ 92%

	Control
	COT via facemask flow rate of 10 L/m or more, adjusted to maintain an SpO2 of 92% or more

	Outcome
	ICU mortality
	Outcome reported in the trial registration
	

	
	
	Outcome quality: Clinically important
	Undesirable effects

	
	Number of patients
	n (%)
	%

	Treatment
	106
	12 (11.3)
	2.8

	Control
	94
	18 (19.1) [Expected rate: 60 %]
	10.6

	Total
	200
	30 (15)
	6.5 (p 0.028)

	delta -7.8 (95%-CI -18.1 to 2.2)
	NNTB 13 (95%-CI NNTB 6 to ∞ to NNTH 46)
	

	Sample size calculation not based on this outcome
	p for effect size NA (calculated 0.124)
	Power for the observed delta: 0.34
	Power by design: Not reported

	Planned sample size: 300
	Sample size needed for observed delta: 634
	

	Calculated sample size for predicted delta: not
computable
	GRADE CRITERIA
	

	







Downgrade (GRADE AND ROB2)
	Lack of allocation concealment
	No

	
	Lack of Blinding
	Yes

	
	Selective outcome reporting bias
	No

	
	Incomplete accounting of patients and outcome
events
	
No

	
	Stopping early for benefit/using unvalidated
outcome measures
	
No

	
	Risk of bias of the single RCT
	No

	
	ROB2 CRITERIA
	

	
	Bias arising from the randomization process
	Low risk

	
	Bias due to deviations from intended interventions
	Some concerns

	
	Bias due to missing outcome data
	Low risk

	
	Bias in measurement of the outcome
	Low risk

	
	Bias in selection of the reported result
	Low risk

	
	Overall risk of bias
	Some concerns

	







Comments
	
GRADE: Lack of Blinding: Uninfluential on mortality; Methodological and statistical quality: Inclusion criteria may not match indications for NIV; ROB2:Bias due to deviations from intended interventions: Alhtough planned in the protocol, 26 patients in the O2 group were treated with NIV as a rescue therapy, and in 7 cases intubation was prevented; Overall risk of bias: Some concerns.

	
Methodological and statistical quality
	
Statistical reporting (CONSORT)
	
Overall risk of bias
	
External validity issues

	

Low
	

Adequate
	

GRADE: No; ROB2: Some concerns
	
Few patients randomized per center
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	SINGLE RCT QUALITY ASSESSMENT
	Question: In non-intubated adults with AHRF and immunosuppression, does HFNO reduce ICU mortality, as compared to conventional oxygen therapy (COT)?

	RCT 6
	Parallel
	Superiority
	

	Azoulay
	JAMA
	2018
	Centers included

	Patients
	Adult patients with AHRF and immunosuppression, PaO2/FiO2 ≤ 300
	32

	Treatment
	HFNO, started at 50 L/min and 100% FIO2, adjusted to obtain SpO2 of at least 95%

	Control
	COT adjusted to obtain SpO2 of at least 95% through various interfaces

	Outcome
	28-day mortality
	Outcome reported in the trial registration
	

	
	
	Outcome quality: Clinically important
	Undesirable effects

	
	Number of patients
	n (%)
	ICU-acquired infections %

	Treatment
	388
	138 (35.6)
	10.1

	Control
	388
	140 (36.1) [Expected rate: 30 %]
	10.6

	Total
	776
	278 (35.8)
	10.3 (p 0.82)

	delta -0.5 (95%-CI -7.2 to 6.2)
	NNTB 194 (95%-CI NNTB 14 to ∞ to NNTH 16)

	Expected delta: -10
	p for effect size 0.94 (calculated 0.88)
	Power for the observed delta: 0.04
	Power by design: 0.9

	Planned sample size: 779
	Sample size needed for observed delta: 283089
	

	Calculated sample size for predicted delta: 778
	GRADE CRITERIA
	

	







Downgrade (GRADE AND ROB2)
	Lack of allocation concealment
	No

	
	Lack of Blinding
	Yes

	
	Selective outcome reporting bias
	No

	
	Incomplete accounting of patients and outcome
events
	
No

	
	Stopping early for benefit/using unvalidated
outcome measures
	
No

	
	Risk of bias of the single RCT
	No

	
	ROB2 CRITERIA
	

	
	Bias arising from the randomization process
	Low risk

	
	Bias due to deviations from intended interventions
	Some concerns

	
	Bias due to missing outcome data
	Low risk

	
	Bias in measurement of the outcome
	Low risk

	
	Bias in selection of the reported result
	Low risk

	
	Overall risk of bias
	Some concerns

	







Comments
	
GRADE: Lack of Blinding: Lack of blinding may affect patient management, which was left according to local protocols at each centre. ; ROB2:Bias due to deviations from intended interventions: Decisions to limit treatment were made for 170 patients (21.9%), of whom 135 (79.4%) died before day 28 but with no significant difference between groups as reported by the Authors; Overall risk of bias: Some concerns.

	
Methodological and statistical quality
	
Statistical reporting (CONSORT)
	
Overall risk of bias
	
External validity issues

	

Low
	

Adequate
	

GRADE: No; ROB2: Some concerns
	Multicentre study conducted in hospital with expertise with immunocompromised patients and respiratory care; mostly university affiliated hospitals




	SINGLE RCT QUALITY ASSESSMENT
	Question: In non-intubated adults with AHRF and immunosuppression, does HFNO reduce ICU mortality, as compared to conventional oxygen therapy (COT)?

	RCT 7
	Parallel
	Superiority
	

	Apltekinoğlu Mendil
	Turk J Med Sci
	2021
	Centers included

	Patients
	Adult patients with AHRF and immunosuppression PaO2/FiO2 ≤ 300
	1

	Treatment
	HFNO and flow ratestarted at 30 L/m, increased up to 50 L/min, FiO2 is adjusted to keep SpO2 ≥ 94%. 30 to 50
L/min 100% at initiation, then titrated for SpO2 ≥ 94%

	Control
	O2 administered through nasal prongs and face-mask without reservoir, flow adjusted to keep SpO2 ≥ 94 %

	Outcome
	28-day mortality
	Unregistered trial
	

	
	
	Outcome quality: Clinically important
	Undesirable effects

	
	Number of patients
	n (%)
	Thirst %

	Treatment
	51
	23 (45.1)
	7.8

	Control
	49
	18 (36.7) [Expected rate: NA]
	10.2

	Total
	100
	41 (41)
	9 (p 0.676)

	delta 8.4 (95%-CI -10.6 to 26.5)
	NNTH 12 (95%-CI NNTB 9 to ∞ to NNTH 4)

	Expected delta not reported
	p for effect size 0.395 (calculated 0.394)
	Power for the observed delta: 0.13
	Power by design: Not reported

	Planned sample size:
	Sample size needed for observed delta: 1045
	

	Calculated sample size for predicted delta: not
computable
	GRADE CRITERIA
	

	







Downgrade (GRADE AND ROB2)
	Lack of allocation concealment
	Maybe

	
	Lack of Blinding
	Yes

	
	Selective outcome reporting bias
	No

	
	Incomplete accounting of patients and outcome
events
	
Yes

	
	Stopping early for benefit/using unvalidated
outcome measures
	
Maybe

	
	Risk of bias of the single RCT
	Serious

	
	ROB2 CRITERIA
	

	
	Bias arising from the randomization process
	Some concerns

	
	Bias due to deviations from intended interventions
	Low risk

	
	Bias due to missing outcome data
	Some concerns

	
	Bias in measurement of the outcome
	Low risk

	
	Bias in selection of the reported result
	Some concerns

	
	Overall risk of bias
	Some concerns

	







Comments
	
GRADE: Lack of allocation concealment: Locally generated sealed envelopes for allocation; Lack of Blinding: Lack of blinding may affect patient management, which was left to local policy. Predefined criteria were in place to define treatment failure in both groups but specific criteria for intubation were not detailed. ; ROB2:Bias in selection of the reported result: Unregistered RCT, unpublished protocol; Overall risk of bias: Some concerns.

	
Methodological and statistical quality
	
Statistical reporting (CONSORT)
	
Overall risk of bias
	
External validity issues

	

Low
	
Partial but sufficient for quality assessment
	

GRADE: Serious; ROB2: Some concerns
	
Single centre; university hospital in Turkey




PubMed literature search
Search string: Run on August 2022
(("HFNC"[Title/Abstract] OR "NHF"[Title/Abstract] OR "high-flow nasal cannula"[Title/Abstract] OR "nasal high-flow"[Title/Abstract] OR "nasal high- flow"[Title/Abstract] OR "high-flow oxygen"[Title/Abstract]) AND ("hypoxemia"[Title/Abstract] OR "hypoxaemia"[Title/Abstract] OR "hypoxemic"[Title/Abstract] OR "hypoxaemic"[Title/Abstract] OR "hypoxic"[Title/Abstract] OR "hypoxia"[Title/Abstract] OR "respiratory failure"[Title/Abstract] OR "acute respiratory distress syndrome"[Title/Abstract] OR "desaturation"[Title/Abstract] OR "reintubation"[Title/Abstract] OR "ARDS"[Title/Abstract] OR "COVID"[Title/Abstract])) AND (english[Filter])
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In non-mechanically ventilated patients with AHRF not due to cardiogenic pulmonary edema or acute exacerbation of COPD, does HFNO compared to NIV reduce mortality or intubation?



Literature search and synthesis
PubMed search was performed with a single string for both domain 3 PICO questions, regarding HFNO vs. O2 or vs. NIV/CPAP. Four trials investigated HFNO vs. NIV/CPAP [1-5] (Figure 1). Among the others we excluded two studies (the RECOVERY-RS and the COVIDICUS) that were three-arm trials where the control arm was O2 administration and no direct comparison was made between HFNO and NIV [5, 6].

Clinical heterogeneity
Patients
Patients with primary hypoxemic respiratory failure were enrolled, excluding those with exacerbations of chronic respiratory diseases. Two studies regarded patients with COVID-19 pneumonia [2, 3] and two non-COVID-19 with or without immunosuppression [1, 4]. The members of the domain did not consider these differences sufficient to contraindicate their inclusion in the same meta-analysis.

Interventions and controls
All the studies used HFNO with initial flows of 50 L/min or more and FiO2 titrated to SpO2 of at least 92%. In the control group PEEP was set by design at different levels: 10-12 cmH2O [2], at least 8 cmH2O [1], 5-10 cmH2O [3], and 2-10 cmH2O [4]. NIV was applied with face-masks or helmets. The duration of ventilatory support was at least eight hours per day [4], twelve hours per day [1], or continuous for the first two days [2]. This information was not reported in one study [3].
The study by Coudroy and collaborators [1] recruited the most severe patients according to the SAPS II, compared with those by Frat and Grieco [2, 4] (table 1). The one by Nair
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instead did not report this indicator [3]. PaO2/FiO2 ratios were not comparable because reported in medians in two studies and as means (SD) in the other two (table 1).

Selected outcomes (and corresponding Forest plots)
Hospital mortality was reported in three studies [1-3], and was our selected outcome, while one trial reported either 30-day or 90-day mortality [4]. We selected the later outcome because more homogeneous with hospital mortality.
The other outcome we considered was intubation rate assessed, that was reported at 28 days in three studies [1, 2, 4], while one study reported it at 7 days [3], and was analyzed separately.

Individual quality of evidence and methodological heterogeneity
The four studies that were included in the review were all of good quality according to the RoB2 and GRADE risk of bias assessment for single studies (Table 2 and 3).

Overall quality of evidence and statistical heterogeneity
The was no evidence of harm or benefit in terms of mortality (Figure 6, Table 4). One study suggested a protective effect of HFNO [4] while the other three were provided non-significant findings [1-3]. The meta-analysis investigating the prevention of intubation to day 28, did not show any advantage of neither intervention (Figure 7, Table 4). The analysis of heterogeneity with I2, was inconclusive for both outcomes with values ranging from no or very low heterogeneity to high.
The only study included in the meta-analysis dealing with COVID-19 patients, showed a statistically significant increase of the intubation rate in the HFNO arm [2]. However, the other trial investigating COVID-19 patients, not included in the meta-analysis because reporting intubation rate to 7 days [3], provided an opposite statistically significant finding (a 19% reduction in the HFNO arm).
Overall evidence according to the GRADE was rated down one point for imprecision for mortality (i.e., moderate) and an additional point for risk of bias due to lack of blinding


for intubation rate (i.e., low, Table 4). Some concerns for both outcomes were provided by the application of the RoB2 tool (Figures 4 and 5).
Considering COVID-19 patients the heterogeneous results of the two studies in terms of intubation rate at 28 [2] and 7 [3] days, did not allow providing any specific recommendation.




External validity
For three studies dealing with frequent conditions (i.e., acute respiratory hypoxemia especially in COVID-19 patients) the number of patients enrolled every year was low [1, 4] raising potential issues of selection bias (table 1).






MEDLINE (PubMed)
1595 studies
1578 excluded after title and abstract screening
0 full- text from other
17 RCTs
available in total for full-text
6 excluded after full-text screening: not consistent with PICO criteria
11 eligible RCTs


 
7 RCTs for HFNO vs. O2

4 RCTs for HFNO vs.
NIV/CPAP
















Figure 1. Article selection diagram according to the PRISMA indications.








ROB 2 overall risk of bias

Bias arising from the randomization process Bias due to deviations from intended interventions
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Figure 2. RoB2 for overall risk of bias assessment for mortality.
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Figure 3. RoB2 for overall risk of bias assessment for intubation.





Figure 4. Meta-analysis of the four trials investigating mortality.



Figure 5. Meta-analysis of the three trials investigating intubation rate at day 28. Results from the study providing 7-
day intubation rate are reported but not included in the meta-analysis.




	
	
Coudroy - Lancet RM 2022
	
Frat - NEJM 2015
	
Grieco - JAMA 2021
	
Nair - RC 2021

	
	
Experimental
	
Control
	
Experimental
	
Control
	
Experimental
	
Control
	
Experimental
	
Control

	
N patients
	
154
	
145
	
106
	
110
	
54
	
53
	
55
	
54

	
Age Mean (SD)
	62 (13)
	65 (12)
	61 (16)
	61 (17)
	63 (55-69)*
	66 (57-
72)*
	57 (48-65)*
	57.5 (47-
64)*

	
Females
	59 (38.3)
	48 (33.1)
	31 (29.2)
	36 (32.7)
	9 (16.7)
	12 (22.6)
	11 (20)
	19 (35.2)

	
SAPS II Mean (SD)
	46 (18)
	45 (15)
	25 (9)
	27 (9)
	23 (27-35)
	29 (24-34)
	NA (NA)
	NA (NA)

	PaO2/FiO2 ratio Mean (SD)
	148 (56)
	147 (57)
	157 (89)
	149 (72)
	102 (80-124)*
	105 (83-
125)*
	105 (92-139.3)*
	111 (90-
145)*

	
Centers included
	29
	23
	4
	1

	
n pts/centre/year
	5
	4
	163
	326


Table 1. Main characteristics of the studies. *Median (IQR)



	

RoB2
	Bias arising	Bias due to	Bias due to	Bias in	Bias in from the	deviations	missing	measurement	selection of
randomization	from	outcome	of the	the reported
process	intended	data	outcome	result interventions
	

Overall risk of bias

	Coudroy Lancet RM-2022 Frat NEJM-2015
Grieco JAMA-2021
Nair RC-2021
	
[image: ]
	
[image: ]	[image: ]	[image: ]	[image: ]
	
[image: ]

	
	
[image: ]	[image: ]	[image: ]	[image: ]	[image: ]

[image: ]	[image: ]	[image: ]	[image: ]	[image: ]

[image: ]	[image: ]	[image: ]	[image: ]	[image: ]
	
[image: ]

[image: ]

[image: ]


Table 2. RoB2 for individual study risk of bias assessment, mortality outcome.

	

RoB2
	
Bias arising from the randomization process
	Bias due to deviations from intended interventions
	Bias due	Bias in	Bias in to	measurement	selection missing	of the	of the
outcome	outcome	reported
data	result
	
Overall risk of bias

	Coudroy Lancet Resp-2022 Frat NEJM-2015
Grieco JAMA-2021
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Table 3. RoB2 for individual study risk of bias assessment, for the intubation rate outcome.











	101/369
	121/362
	0.75

	(27.4)
	(33.4)
	[0.51, 1.11]

	
146/314
	
138/308
	
1.09

	(46.5)
	(44.8)
	[0.71, 1.68]


Table 4. Rating of overall evidence according to the GRADE for the two outcomes that were investigated.✚✚✚☐
Moderate

✚✚☐☐ Low
Serious	No	No	Serious	No
No	No	No	Serious	No
3
4

Hospital mortality

Intubation rate at 28 days
Quality
N. of	Treatment	Control	Relative Risk Outcome	RCTs		n (%)		n (%)		[95%-CI]
	Overall quality assessment	
Risk of bias
Inconsistency
Indirectness
Imprecision
Publication bias



PubMed literature search
Search string: Run on August 2022
(("HFNC"[Title/Abstract] OR "NHF"[Title/Abstract] OR "high-flow nasal cannula"[Title/Abstract] OR "nasal high-flow"[Title/Abstract] OR "nasal high- flow"[Title/Abstract] OR "high-flow oxygen"[Title/Abstract]) AND ("hypoxemia"[Title/Abstract] OR "hypoxaemia"[Title/Abstract] OR "hypoxemic"[Title/Abstract] OR "hypoxaemic"[Title/Abstract] OR "hypoxic"[Title/Abstract] OR "hypoxia"[Title/Abstract] OR "respiratory failure"[Title/Abstract] OR "acute respiratory distress syndrome"[Title/Abstract] OR "desaturation"[Title/Abstract] OR "reintubation"[Title/Abstract] OR "ARDS"[Title/Abstract] OR "COVID-19"[Title/Abstract])) AND (english[Filter])
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	SINGLE RCT QUALITY ASSESSMENT
	Question: Can HFNO reduce mortality in immunocompromised patients with AHRF compared to NIV alternating with HFNO?

	RCT 1
	Parallel
	Superiority
	III

	Coudroy
	Lancet RM
	2022
	Centers included

	Patients
	Immunocompromised patients with AHRF (P/F <300)
	29

	Treatment
	HFNO, at least 12 h/day, started with 60 L/min, FiO2 titrated to obtain SpO2 ≥ 92%

	Control
	NIV (PS at leat 12 h/day, PEEP at least 8 cm H2O ), with variable interface, ICU of belevel ventilators, alternating
with HFNO

	Outcome
	Hospital mortality
	Outcome reported in the trial registration
	

	
	
	Outcome quality: Clinically important
	Undesirable effects

	
	Number of patients
	n (%)
	NR %

	Treatment
	154
	63 (40.9)
	NR

	Control
	145
	60 (41.4) [Expected rate: 35 %]
	NR

	Total
	299
	123 (41.1)
	NR ()

	delta -0.5 (95%-CI -11.5 to 10.6)
	NNTB 213 (95%-CI NNTB 9 to ∞ to NNTH 9)

	Expected delta: -15
	p for effect size 0.93 (calculated 0.934)
	Power for the observed delta: 0.03
	Power by design: 0.8

	Planned sample size: 300
	Sample size needed for observed delta: 333698
	

	Calculated sample size for predicted delta: 270
	
GRADE CRITERIA
	

	







Downgrade (GRADE AND ROB2)
	Lack of allocation concealment
	Maybe

	
	Lack of Blinding
	Yes

	
	Selective outcome reporting bias
	No

	
	Incomplete accounting of patients and outcome
events
	
No

	
	Stopping early for benefit/using unvalidated
outcome measures
	
No

	
	Risk of bias of the single RCT
	No

	
	ROB2 CRITERIA
	

	
	Bias arising from the randomization process
	Some concerns

	
	Bias due to deviations from intended interventions
	Low risk

	
	Bias due to missing outcome data
	Low risk

	
	Bias in measurement of the outcome
	Low risk

	
	Bias in selection of the reported result
	Low risk

	
	Overall risk of bias
	Some concerns

	







Comments
	
GRADE: Lack of Blinding: In 14% of HFNO alone group and 23% of NIV group the cause of death at day 28 was denied intubation; ROB2:Overall risk of bias: Some concerns.

	
Methodological and statistical quality
	
Statistical reporting (CONSORT)
	
Overall risk of bias
	
External validity issues

	

High
	

Adequate
	

GRADE: No; ROB2: Some concerns
	The low number of patients per year enrolled is probably attributable to the low rate of admission of immunosuppressed




	SINGLE RCT QUALITY ASSESSMENT
	
Question: Can HFNO alone can reduce mortality in patients with AHRF compared to NIV?

	RCT 3
	Parallel
	Superiority
	III

	Frat
	NEJM
	2015
	Centers included

	Patients
	PaO2/FiO2 < 300 , PaCO2 < 45,, RR > 25/min, no COPD
	23

	Treatment
	HFNO started at 50 L/m with a FiO2 of 1.0, to mantain SpO2 ≥ 92%
	

	Control
	NIV at least 8 H/day, with face mask, PSV, PEEP between 2 and 10, ICU ventilator
	

	Outcome
	90-day mortality
	
	

	
	
	Outcome quality:
	Undesirable effects

	
	Number of patients
	n (%)
	%

	Treatment
	106
	13 (12.3)
	NR

	Control
	110
	31 (28.2) [Expected rate: NA]
	NR

	Total
	216
	44 (20.4)
	NR ()

	delta -15.9 (95%-CI -26.2 to -5.2)
	NNTB 6 (95%-CI NNTB 4 to NNTB 19)

	Expected delta:
	p for effect size NR (calculated 0.002)
	Power for the observed delta: 0.85
	Power by design: Not reported

	Planned sample size:
	Sample size needed for observed delta: 186
	

	Calculated sample size for predicted delta: not computable
	
GRADE CRITERIA
	

	







Downgrade (GRADE AND ROB2)
	Lack of allocation concealment
	No

	
	Lack of Blinding
	Yes

	
	Selective outcome reporting bias
	No

	
	Incomplete accounting of patients and outcome
events
	
No

	
	Stopping early for benefit/using unvalidated
outcome measures
	
No

	
	Risk of bias of the single RCT
	No

	
	ROB2 CRITERIA
	

	
	Bias arising from the randomization process
	Low risk

	
	Bias due to deviations from intended interventions
	Some concerns

	
	Bias due to missing outcome data
	Low risk

	
	Bias in measurement of the outcome
	Low risk

	
	Bias in selection of the reported result
	Low risk

	
	Overall risk of bias
	Some concerns

	







Comments
	GRADE: Lack of Blinding: Uninfluential on mortality; Methodological and statistical quality: Inclusion criteria may not match indications for NIV; ROB2:Bias due to deviations from intended interventions: Alhtough planned in the protocol, 26 patients in the O2 group were treated with NIV as a rescue therapy, and in 7 cases intubation was prevented; Overall risk of bias: Some concerns.

	
Methodological and statistical quality
	
Statistical reporting (CONSORT)
	
Overall risk of bias
	
External validity issues

	

Low
	

Adequate
	

GRADE: No; ROB2: Some concerns
	
Only 4 patients/year per center, possible selection bias
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	SINGLE RCT QUALITY ASSESSMENT
	
Question: Can HFNO alone can reduce mortality in patients with ARF due to COVID compared to NIV?

	RCT 3
	Parallel
	Superiority
	

	Grieco
	JAMA
	2021
	Centers included

	Patients
	COVID-19 ARDS patients with P/F <200
	4

	Treatment
	HFNO for 48 h or until intubation, starting with flow 50L/min, FiO2 1.0 titrated to obtain SpO2 92-98%

	Control
	Helmet NIV, or 48 h or until intubation, PS 10-12 cmH2O, PEEP 10-12, FiO2 to obtain SpO2 92-98%

	Outcome
	Hospital mortality
	Outcome reported in the trial registration
	

	
	
	Outcome quality: Clinically important
	Undesirable effects

	
	Number of patients
	n (%)
	Pneumothorax %

	Treatment
	55
	14 (25.5)
	7.3

	Control
	54
	13 (24.1) [Expected rate: NA]
	3.7

	Total
	109
	27 (24.8)
	5.5 (p 0.408)

	delta 1.4 (95%-CI -14.7 to 17.3)
	NNTH 72 (95%-CI NNTB 7 to ∞ to NNTH 6)
	

	Sample size calculation not based on this outcome
	p for effect size 0.99 (calculated 0.868)
	Power for the observed delta: 0.04
	Power by design: Not reported

	Planned sample size:
	Sample size needed for observed delta: 29782
	

	Calculated sample size for predicted delta: not computable
	
GRADE CRITERIA
	

	







Downgrade (GRADE AND ROB2)
	Lack of allocation concealment
	Yes

	
	Lack of Blinding
	Yes

	
	Selective outcome reporting bias
	No

	
	Incomplete accounting of patients and outcome
events
	
No

	
	Stopping early for benefit/using unvalidated
outcome measures
	
0

	
	Risk of bias of the single RCT
	No

	
	ROB2 CRITERIA
	

	
	Bias arising from the randomization process
	Low risk

	
	Bias due to deviations from intended interventions
	Low risk

	
	Bias due to missing outcome data
	Low risk

	
	Bias in measurement of the outcome
	Low risk

	
	Bias in selection of the reported result
	Low risk

	
	Overall risk of bias
	Low risk

	







Comments
	
GRADE: Lack of Blinding: It is not important for mortality ; ROB2:Overall risk of bias: Low risk.

	
Methodological and statistical quality
	
Statistical reporting (CONSORT)
	
Overall risk of bias
	
External validity issues

	

High
	

Adequate
	

GRADE: No; ROB2: Low risk
	

No




	SINGLE RCT QUALITY ASSESSMENT
	
Question: Comparison of HFNO and NIV in acute respiratory failure due to severe COVID-19 pneumonia

	RCT 4
	Parallel
	Superiority
	

	Nair
	RC
	2021
	Centers included

	Patients
	COVID-19 severe pneumonia
	
	1

	Treatment
	HFNO Initial set flow at 50L/min, FiO2 titrated to obtain SpO2 ≥94%
	

	Control
	Mask/Helmet NIV PS 10-20 cmH2O, PEEP 5-10, FiO2 to obtain SpO2 ≥94%
	

	Outcome
	Hospital mortality
	Outcome reported in the trial registration
	

	
	
	Outcome quality: Clinically important
	Undesirable effects

	
	Number of patients
	n (%)
	%

	Treatment
	55
	16 (29.1)
	NR

	Control
	54
	25 (46.3) [Expected rate: NA]
	NR

	Total
	109
	41 (37.6)
	NR ()

	delta -17.2 (95%-CI -33.9 to 0.9)
	NNTB 6 (95%-CI NNTB 3 to ∞ to NNTH 106)

	Expected delta not reported
	p for effect size 0.06 (calculated 0.06)
	Power for the observed delta: 0.47
	Power by design: Not reported

	No sample size calculation
	Sample size needed for observed delta: 234
	

	Calculated sample size for predicted delta: not computable
	
GRADE CRITERIA
	

	







Downgrade (GRADE AND ROB2)
	Lack of allocation concealment
	No

	
	Lack of Blinding
	Yes

	
	Selective outcome reporting bias
	No

	
	Incomplete accounting of patients and outcome
events
	
No

	
	Stopping early for benefit/using unvalidated
outcome measures
	
No

	
	Risk of bias of the single RCT
	No

	
	ROB2 CRITERIA
	

	
	Bias arising from the randomization process
	Low risk

	
	Bias due to deviations from intended interventions
	Low risk

	
	Bias due to missing outcome data
	Low risk

	
	Bias in measurement of the outcome
	Low risk

	
	Bias in selection of the reported result
	Low risk

	
	Overall risk of bias
	Low risk

	







Comments
	
GRADE: Lack of allocation concealment: Allocation concealment was done with sealed-envelope technique; Lack of Blinding: It is not important for mortality ; ROB2:Overall risk of bias: Low risk.

	
Methodological and statistical quality
	
Statistical reporting (CONSORT)
	
Overall risk of bias
	
External validity issues

	

High
	
Partial but sufficient for quality assessment
	

GRADE: No; ROB2: Low risk
	

No
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In non-mechanically ventilated patients with acute hypoxemic respiratory failure (AHRF) not due to cardiogenic pulmonary oedema or acute exacerbation of chronic obstructive pulmonary disease (COPD), does NIV/CPAP, as compared to conventional oxygen therapy reduce mortality or intubation?

Literature search and synthesis
We retrieved from the literature ten randomized controlled trials (Figure 1) [1-10]. Among the others we excluded a recently published trial because about 80% of patients in the control group received some kind of ventilatory support [11] and a second one since there were no intubations nor deaths, and was not dealing with critically ill patients [12].
Three studies dealt with NIV. One had a very small [10] and two had larger sample sizes [3, 4]. One RCT investigated CPAP vs. oxygen therapy in patients with pneumonia [2]. Other four RCTs [5, 6, 8, 9] dealt with immunosuppressed patients.
We found two RCTs randomizing COVID-19 patients to either CPAP or HFNO vs. O2 therapy [1, 7]. The RECOVERY-RS trial was interrupted prematurely after about 1300 out of the 3000 predicted patients were randomized, because of the slowing of COVID- 19 admissions in the 48 centres that participated to the study [7].
The experts of the group decided to combine COVID-19 and non-COVID-19 studies, without making any differences between patients with and without immunosuppression.


Clinical heterogeneity
Patients
The trials had different inclusion criteria. Two studies excluded patients with PaO2/FiO2
< 200 [4, 10] while the other did not have any inferior threshold, including patients with values below 300 or 200. Studies were carried out in the ward or in the ICU, recruiting patients with different degrees of severity. Such differences were not regarded as

2

3


responsible for any qualitative difference (i.e., beneficial, neutral, harmful) in mortality and intubation rate.
Most of the studies were focused exclusively on patients with bacterial or viral pneumonia, three more included between about 50 to 80% patients with pneumonia [3, 6, 10], one excluded such patients [8], and one that did not report this information [9]. Two studies investigated COVID-19 patients [1, 7].

Interventions and controls
The clinical hypothesis the experts made was that NIV and CPAP would have been similarly effective, and thus studies adopting either intervention could be meta- analytically combined. Similarly, when NIV was the intervention, the type of ventilator (whether for ICU or homecare) was considered uninfluential on the outcome.

Selected outcomes (and corresponding Forest plots)
The primary outcome was need for intubation and mechanical ventilation. A reduction of the intubation rate may be an indicator of favourable outcome only if associated with similar mortality or its consistent variation (increase or decrease of both outcomes). This choice was made to account for those studies where a high survival rate after intubation occurred.
The composite outcome “mortality AND intubation”, instead, was considered misleading because the two events are not comparable in terms of relevance, may be influenced differently by the intervention, and may have different incidence [13-15].

Individual quality of evidence and methodological heterogeneity
Characteristics of the trials are reported in Table 1 and in the forms at the end of the document. The risk of bias assessment for individual trials, according to the RoB2 tool, is reported in Tables 2 and 3.
Overall, eight studies investigated non-COVID-19 patients, four of which concerning exclusively immunosuppressed patients [5, 6, 8, 9], while two more studies dealt with
patients with COVID-19 pneumonia [1, 7].
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The study by Bouadma and collaborators was based on a factorial randomization design where the main factor of randomization was the fact of being treated with high versus standard doses of steroids [1]. This kind of design has the advantage of studying multiple interventions (the other level of randomization was the management with or without non-invasive ventilatory support), but is based on the assumption that no interaction exists between the different kind of interventions under scrutiny [16]. For this inherent limitation, although there were only minor concerns concerning the study quality, we decided to include this study only in a sensitivity meta-analysis.
Three studies [5, 8, 10] were downrated to low quality and excluded from the primary analyses because of their small size (we arbitrarily selected a threshold of eighty patients to define this condition), being at risk of small study effects [17]. The bias due to small sample sizes is not accounted for by the RoB2 and the GRADE method for risk of bias assessment, so it was part of a separate evaluation.
One trial was considered at high risk of bias according to the RoB2 method, and excluded from the primary analysis, because 38% of the patients in the control group crossed over to non-invasive ventilation [9].
Detailed information regarding the studies is available in the dedicated forms at the end of this document manuscript.

Overall quality of evidence and statistical heterogeneity
We performed primary meta-analyses for both outcomes including only the trials providing moderate- to high-quality evidence according to the GRADE and RoB2 risk of bias assessment, and small trial bias evaluation. Five trials were selected [2-4, 6, 7].
The primary meta-analysis showed no beneficial effect of NIV in terms of prevention of intubation and survival improvement (Figure 2 and 3).
The secondary analysis, including all the studies regardless of their quality, and the sensitivity analysis, adding the study by Bouadma and collaborators [1], demonstrated a significant mortality reduction in the intervention arm (Figures 4 and 5). The secondary analysis also showed a reduced intubation rate among those patients receiving NIV/CPAP (Figure 6 and 7).


In the primary meta-analyses, I2 was low while it was high in the secondary and sensitivity meta-analyses. However, imprecision was high in both primary and secondary analyses, with confidence intervals embracing low and high degrees of heterogeneity. The analysis was thus regarded heterogeneity analysis as inconclusive.
Consistently with these guideline’s methodology, we based our conclusions on the primary analyses, given the higher quality of the studies.
For the subset of COVID-19 patients the RECOVERY-RS trial [7] was considered a reliable source of evidence in favor of the use of CPAP/NIV to reduce intubation rate. However, although the trial was of quality, the expert confidence in its findings was lowered because dealing with a secondary subgroup analysis based on a single trial (quality of evidence rated moderate for mortality and low for intubation).
Our primary analysis provided high and moderate quality of evidence for mortality and intubation, respectively. Evidence did not support the use of CPAP/NIV in the treatment of hypoxemic respiratory failure (Table 4, Figures 7 and 8).









MEDLINE (PubMed)
2293 studies
2271 excluded after title and abstract screening
1 full-text from other sources
23 total available for full-text
12 excluded after full-text screening: 9 not consistent with PICO criteria; 3 not RCT articles [2 Follow-up, 1 Subgroup analysis, 0 other];
11 eligible RCTs
PICO 1: 10 RCTs for NIV/CPAP vs. O2
PICO 2: 1 RCTs for NIV/CPAP
helmet vs. mask
PICO 3: 0 RCTs for NIV vs.
CPAP
















Figure 1. Article selection diagram according to the PRISMA indications.





Figure 2. Hospital and 90-day (Frat 2015) mortality, CPAP/NIV vs. oxygen, primary analysis only high-moderate
quality studies.





Figure 3. Intubation rate. CPAP/NIV vs. oxygen. Primary analysis considering only high to moderate quality studies.





Figure 4. Hospital- and 90-day (Frat 2015) mortality. CPAP/NIV vs. oxygen. Secondary analysis including all the
studies.









Figure 5. Hospital and 90-day (Frat 2015) mortality. CPAP/NIV vs. oxygen. Sensitivity analysis including the trial by
Bouadma and coworkers.





Figure 6. Intubation rate. CPAP/NIV vs. oxygen. Secondary analysis including all trials.




ROB 2 overall risk of bias
Bias arising from the randomization process Bias due to deviations from intended interventions
Bias due to missing outcome data Bias in measurement of the outcome Bias in selection of the reported result
Overall risk of bias
0%
10%	20%	30%	40%	50%	60%	70%	80%	90%	100%
Low risk	Some concerns	High risk

Figure 7. Primary analysis including five moderate-high quality trials. RoB2 assessment of overall evidence, outcome
mortality.

ROB 2 overall risk of bias
Bias arising from the randomization process Bias due to deviations from intended interventions
Bias due to missing outcome data Bias in measurement of the outcome Bias in selection of the reported result
Overall risk of bias
0%
10%	20%	30%	40%	50%	60%	70%	80%	90%	100%
Low risk	Some concerns	High risk

Figure 8. Primary analysis including five moderate-high quality trials. RoB2 assessment of overall evidence, outcome intubation rate.
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Brambilla - ICM 2014
Zhan - CCM 2012
Frat - NEJM 2015
He - CC 2019
Hilbert - NEJM 2001
Wermke - BMT 2012
Lemiale - JAMA 2015
Squadrone - ICM 2010
Perkins - JAMA 2022
Bouadma - JAMA Int Med 2022


Experimental

Control

Experimental

Control

Experimental

Control

Experimental

Control

Experimental

Control

Experimental

Control

Experimental

Control

Experimental

Control

Experimental

Control


Experimental


Control
N patients
40
41
21
19
110
94
102
98
26
26
44
42
191
183
20
20
364
346
109
109
Age Mean (SD)
64.9
(16.1)
69.5
(15.8)
43.8
(13.7)
49.1
(13.7)
61
(17)
61
(16)
53
(18.2)
56
(17.5)
48
(14)
50
(12)
51 (NA)*
53 (NA)*
51 (52-70)*
64 (53-72)*
49
(14)
49.5
(14)
NA (NA)
NA (NA)
66.8 (58.9-71.9)*
67.4 (60.8-72.3)*
Females n (%)
16
(40)
12
(29.3)
5
(23.8)
11
(57.9)
36
(32.7)
31
(33)
33
(32.4)
28
(28.6)
8
(30.8)
7
(26.9)
NA (NA)
NA (NA)
74
(38.7)
78
(42.6)
9
(45)
8
(40)
NA (NA)
NA (NA)
24
(22)
25
(22.9)
Pulmonary infections n (%)
40
(100)
41
(100)
10
(47.6)
10
(52.6)
91
(82.7)
74 (7
8.7)
102
(100)
98
(100)
26
(100)
26
(100)
NA (NA)
NA (NA)
128
(67)
119
(65)
0
(0)
0
(0)
364
(100)
346
(100)
0(0)
0(0)
PaO2/FiO2 n (%)
134
(36)
148
(44)
225.4
(17.4)
234.4
(26.6)
149
(72)
157
(89)
231
(35)
231
(28)
141
(24)
136
(23)
NA (NA)
NA (NA)
156 (92-248)*
130 (86-205)*
256
(52)
282
(41)
NA (NA)
NA (NA)
NA (0)*
NA(NA)*
Centers included
4
10
23
21
1
1
28
2
48
19
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RoB2
	
Bias arising from the randomization process
	Bias due to deviations from intended interventions
	Bias due	Bias in	Bias in to	measurement	selection missing	of the	of the
outcome	outcome	reported
data	result
	

Overall risk of bias
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Table 2. RoB2 assessment for risk of bias for all the studies. Outcome: mortality.




	

RoB2
	Bias arising	Bias due to	Bias due	Bias in	Bias in from the	deviations	to	measurement	selection
randomization	from	missing	of the	of the process	intended	outcome	outcome	reported
interventions	data	result
	

Overall risk of bias

	Brambilla ICM-2014 Zhan CCM-2012 Frat NEJM-2015
He CC-2019
Hilbert NEJM-2001 Wermke BMT-2012 Lemiale JAMA-2015 Squadrone ICM-2010
Perkins JAMA-2022
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Table 3. RoB2 assessment for risk of bias for all the studies. Outcome: Intubation rate.
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	No
	No
	No
	No
	No

	Serious
	No
	No
	No
	No


Table 4. GRADE quality of evidence rating reported for the primary analysis.Overall quality assessment
Quality
Outcome Hospital - medium term
mortality
Intubation
N. of RCTs
5

5
Relative
Treatment	Control	Risk
n (%)	n (%)	[95%-CI]
184/807	196/762	0.89
(22.8)	(25.7)	[0.75, 1.05]
267/820	283/772	0.89
(32.5)	(36.6)	[0.77, 1.03]
✚✚✚✚
High
✚✚✚☐
Moderate
Risk of bias
Inconsistency
Indirectness
Imprecision
Publication bias




PubMed literature search

Search string:
(("NIV"[Title/Abstract] OR "NIPPV"[Title/Abstract] OR "NIMV"[Title/Abstract] OR "NIPSV"[Title/Abstract] OR "noninvasive ventilation"[Title/Abstract] OR "non- invasive ventilation"[Title/Abstract] OR "CPAP"[Title/Abstract] OR "continuous positive airway pressure"[Title/Abstract] OR "noninvasive positive pressure ventilation"[Title/Abstract] OR "noninvasive mechanical ventilation"[Title/Abstract] OR "noninvasive pressure support ventilation"[Title/Abstract] OR "noninvasive oxygenation"[Title/Abstract] OR "non-invasive oxygenation"[Title/Abstract]) AND ("hypoxemia"[Title/Abstract] OR "hypoxaemia"[Title/Abstract] OR "hypoxemic"[Title/Abstract] OR "hypoxaemic"[Title/Abstract] OR "hypoxic"[Title/Abstract] OR "hypoxia"[Title/Abstract] OR "respiratory failure"[Title/Abstract] OR "acute respiratory distress syndrome"[Title/Abstract] OR "ARDS"[Title/Abstract] OR "COVID"[Title/Abstract])) AND ((english[Filter]) AND (alladult[Filter]))


	SINGLE RCT QUALITY ASSESSMENT
	
Question: Is CPAP superior to O2 to prevent mortality in hypoxic respiratory failure due to pneumonia?

	RCT 1
	Parallel
	Superiority
	III

	Brambilla
	ICM
	2014
	Centers included

	
Patients
	
CAP or HAP admitted to ordinary ward, PaO2/FiO2 < 250 mmHg
	
4

	Treatment
	CPAP
	
	

	Control
	Oxygen
	
	

	Outcome
	Hospital mortality
	Unregistered trial
	

	
	
	Outcome quality: Clinically important
	Undesirable effects

	
	Number of patients
	n (%)
	NR %

	Treatment
	40
	2 (5)
	NR

	Control
	41
	7 (17.1) [Expected rate: NA]
	NR

	Total
	81
	9 (11.1)
	NR ()

	delta -12.1 (95%-CI -26.7 to 2.3)
	NNTB 8 (95%-CI NNTB 4 to ∞ to NNTH 44)

	Sample size calculation not based on this outcome
	p for effect size NR (calculated 0.076)
	Power for the observed delta: 0.43
	Power by design: 0.8

	Planned sample size:
	Sample size needed for observed delta: 198
	

	Calculated sample size for predicted delta: not computable
	
GRADE CRITERIA
	

	







Downgrade (GRADE AND ROB2)
	Lack of allocation concealment
	Maybe

	
	Lack of Blinding
	Yes

	
	Selective outcome reporting bias
	No

	
	Incomplete accounting of patients and outcome
events
	
No

	
	Stopping early for benefit/using unvalidated
outcome measures
	
No

	
	Risk of bias of the single RCT
	Serious

	
	ROB2 CRITERIA
	

	
	Bias arising from the randomization process
	Some concerns

	
	Bias due to deviations from intended interventions
	Low risk

	
	Bias due to missing outcome data
	Low risk

	
	Bias in measurement of the outcome
	Low risk

	
	Bias in selection of the reported result
	Low risk

	
	Overall risk of bias
	Some concerns

	







Comments
	GRADE: Lack of allocation concealment: Sealed emvelopes, local randomization, unclear allocation concealment; Lack of Blinding: Should not affect the outcome; Methodological and statistical quality: Design and sample size calculations based on meeting criteria for intubation and not real intubation; ROB2:Bias arising from the randomization process: Sealed emvelopes, local randomization, unclear allocation concealment; Overall risk of bias: Some concerns.

	
Methodological and statistical quality
	
Statistical reporting (CONSORT)
	
Overall risk of bias
	
External validity issues

	
Low
	
Partial but sufficient for quality assessment
	
GRADE: Serious; ROB2: Some concerns
	
Few patients selected for a common condition
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	SINGLE RCT QUALITY ASSESSMENT
	Question: Should patients with acute hypoxemic respiratory failure, without criteria for immediate intubation receive NIV/CPAP as first line respiratory support to reduce mortality?

	RCT 2
	Parallel
	Superiority
	III

	Zhan
	CCM
	2012
	Centers included

	
Patients
	
PaO2/FiO2 between 300 and 200 mmHg, admitted to the ICU
	
10

	Treatment
	NIV with face mask, bilevel, BiPAP Vision ventilator
	

	Control
	Oxygen
	
	

	Outcome
	Hospital mortality
	Unregistered trial
	

	
	
	Outcome quality:
	Undesirable effects

	
	Number of patients
	n (%)
	%

	Treatment
	21
	1 (4.8)
	NR

	Control
	19
	5 (26.3) [Expected rate: NA]
	NR

	Total
	40
	6 (15)
	NR ()

	delta -21.6 (95%-CI -44.4 to 1.5)
	NNTB 5 (95%-CI NNTB 2 to ∞ to NNTH 67)

	Expected delta not reported
	p for effect size 0.09 (calculated 0.052)
	Power for the observed delta: 0.49
	Power by design: Not reported

	No sample size calculation
	Sample size needed for observed delta: 78
	

	Calculated sample size for predicted delta: not computable
	
GRADE CRITERIA
	

	







Downgrade (GRADE AND ROB2)
	Lack of allocation concealment
	No

	
	Lack of Blinding
	Yes

	
	Selective outcome reporting bias
	No

	
	Incomplete accounting of patients and outcome
events
	
No

	
	Stopping early for benefit/using unvalidated
outcome measures
	
No

	
	Risk of bias of the single RCT
	No

	
	ROB2 CRITERIA
	

	
	Bias arising from the randomization process
	Low risk

	
	Bias due to deviations from intended interventions
	Low risk

	
	Bias due to missing outcome data
	Low risk

	
	Bias in measurement of the outcome
	Low risk

	
	Bias in selection of the reported result
	Low risk

	
	Overall risk of bias
	Low risk

	







Comments
	

GRADE: Lack of Blinding: Uninfluential on mortality; Methodological and statistical quality: No sample size calculation was performed. The sample size was small; ROB2:Overall risk of bias: Low risk.

	
Methodological and statistical quality
	
Statistical reporting (CONSORT)
	
Overall risk of bias
	
External validity issues

	
Low
	
Partial but sufficient for quality assessment
	
GRADE: No; ROB2: Low risk
	
Low recruitment rate and possible selection bias




	SINGLE RCT QUALITY ASSESSMENT
	Question: Should patients with acute hypoxemic respiratory failure, with and without signs of respiratory distress), without criteria for immediate intubation receive NIV/CPAP as first line respiratory support to reduce
mortality?

	RCT 3
	Parallel
	Superiority
	III

	Frat
	NEJM
	2015
	Centers included

	
Patients
	
PaO2/FiO2 < 300 , PaCO2 < 45,, RR > 25/min, no COPD,admitted to the ICU
	
23

	Treatment
	NIV with face mask, PSV, ICU ventilator
	

	Control
	Oxygen to mantain saturation of at least 92%
	

	Outcome
	90-day mortality
	Outcome reported in the trial registration
	

	
	
	Outcome quality:
	Undesirable effects

	
	Number of patients
	n (%)
	%

	Treatment
	110
	31 (28.2)
	NR

	Control
	94
	22 (23.4) [Expected rate: NA]
	NR

	Total
	204
	53 (26)
	NR ()

	delta 4.8 (95%-CI -7.4 to 16.5)
	NNTH 21 (95%-CI NNTB 14 to ∞ to NNTH 6)

	Sample size calculation not based on this outcome
	p for effect size (calculated 0.436)
	Power for the observed delta: 0.12
	Power by design: Not reported

	Planned sample size:
	Sample size needed for observed delta: 2547
	

	Calculated sample size for predicted delta: not computable
	
GRADE CRITERIA
	

	







Downgrade (GRADE AND ROB2)
	Lack of allocation concealment
	No

	
	Lack of Blinding
	Yes

	
	Selective outcome reporting bias
	No

	
	Incomplete accounting of patients and outcome
events
	
No

	
	Stopping early for benefit/using unvalidated
outcome measures
	
No

	
	Risk of bias of the single RCT
	No

	
	ROB2 CRITERIA
	

	
	Bias arising from the randomization process
	Low risk

	
	Bias due to deviations from intended interventions
	Some concerns

	
	Bias due to missing outcome data
	Low risk

	
	Bias in measurement of the outcome
	Low risk

	
	Bias in selection of the reported result
	Low risk

	
	Overall risk of bias
	Some concerns

	







Comments
	
GRADE: Lack of Blinding: Uninfluential on mortality; Methodological and statistical quality: Inclusion criteria may not match indications for NIV; ROB2:Bias due to deviations from intended interventions: Alhtough planned in the protocol, 26 patients in the O2 group were treated with NIV as a rescue therapy, and in 7 cases intubation was prevented; Overall risk of bias: Some concerns.

	
Methodological and statistical quality
	
Statistical reporting (CONSORT)
	
GRADE and ROB2 criteria
	
External validity issues

	
Low
	
Adequate
	
GRADE: No; ROB2: Some concerns
	
Only 4 patients/year per center, possible selection bias
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	SINGLE RCT QUALITY ASSESSMENT
	Question: Should patients with acute hypoxemic respiratory failure, without criteria for immediate intubation receive NIV/CPAP as first line respiratory support to reduce mortality?

	RCT 4
	Parallel
	Superiority
	II

	He
	CC
	2019
	Centers included

	
Patients
	Patients with pneumonia and P/F between 200 and 300 mmHg, admitted to the ward or ICU
	
21

	Treatment
	NIV with face mask, bilevel, BiPAP Vision ventilator,
	

	Control
	Oxygen to mantain saturation between 92 and 96%
	

	Outcome
	Hospital mortality
	Unregistered trial
	

	
	
	Outcome quality: Clinically important
	Undesirable effects

	
	Number of patients
	n (%)
	NO %

	Treatment
	102
	7 (6.9)
	NR

	Control
	98
	7 (7.1) [Expected rate: NA]
	NR

	Total
	200
	14 (7)
	NR ()

	delta -0.3 (95%-CI -8 to 7.3)
	NNTB 357 (95%-CI NNTB 13 to ∞ to NNTH 14)

	Sample size calculation not based on this outcome
	p for effect size 0.95 (calculated 0.938)
	Power for the observed delta: 0.03
	Power by design: Not reported

	Planned sample size:
	Sample size needed for observed delta: 252890
	

	Calculated sample size for predicted delta: not computable
	
GRADE CRITERIA
	

	







Downgrade (GRADE AND ROB2)
	Lack of allocation concealment
	Not reported

	
	Lack of Blinding
	Yes

	
	Selective outcome reporting bias
	No

	
	Incomplete accounting of patients and outcome
events
	
No

	
	Stopping early for benefit/using unvalidated
outcome measures
	
No

	
	Risk of bias of the single RCT
	Serious

	
	ROB2 CRITERIA
	

	
	Bias arising from the randomization process
	Some concerns

	
	Bias due to deviations from intended interventions
	Some concerns

	
	Bias due to missing outcome data
	Low risk

	
	Bias in measurement of the outcome
	Low risk

	
	Bias in selection of the reported result
	Low risk

	
	Overall risk of bias
	Some concerns

	







Comments
	GRADE: Lack of allocation concealment: No mention of the randomization process and of allocation concealment was made; ROB2:Bias arising from the randomization process: No mention of the randomization process and of allocation concealment was made; Bias due to deviations from intended interventions: Crossover occurred but was not reported in detail; Overall risk of bias: Some concerns.

	
Methodological and statistical quality
	
Statistical reporting (CONSORT)
	
Overall risk of bias
	
External validity issues

	
Low
	
Partial and not sufficient for quality assessment
	
GRADE: Serious; ROB2: Some concerns
	A strong selection was performed because of the tight inclusion criteria




	SINGLE RCT QUALITY ASSESSMENT
	
Question: Does NIV reduce mortality in patients with neutropenia and hypoxic respiratory failure?

	RCT 5
	Parallel
	Superiority
	

	Hilbert
	NEJM
	2001
	Centers included

	
Patients
	
Neutrophil count < 1000, severe dyspnea, PaO2/FiO2 < 200, pulmonary infiltrates
	
1

	Treatment
	NIV with face mask and ICU ventilator at least 45 minutes, alternated every 3 hours with spontaneous breathing

	Control
	Oxygen
	
	

	Outcome
	Hospital mortality
	Unregistered trial
	

	
	
	Outcome quality: Clinically important
	Undesirable effects

	
	Number of patients
	n (%)
	NR %

	Treatment
	26
	13 (50)
	NR

	Control
	26
	21 (80.8) [Expected rate: NA]
	NR

	Total
	52
	34 (65.4)
	NR ()

	delta -30.8 (95%-CI -51.7 to -4.9)
	NNTB 3 (95%-CI NNTB 2 to NNTB 20)
	

	Expected delta not reported
	p for effect size 0.02 (calculated 0.014)
	Power for the observed delta: 0.69
	Power by design: Not reported

	No sample size calculation
	Sample size needed for observed delta: 65
	

	Calculated sample size for predicted delta: not computable
	
GRADE CRITERIA
	

	







Downgrade (GRADE AND ROB2)
	Lack of allocation concealment
	Maybe

	
	Lack of Blinding
	Yes

	
	Selective outcome reporting bias
	No

	
	Incomplete accounting of patients and outcome
events
	
Not reported

	
	Stopping early for benefit/using unvalidated
outcome measures
	
No

	
	Risk of bias of the single RCT
	Serious

	
	ROB2 CRITERIA
	

	
	Bias arising from the randomization process
	Some concerns

	
	Bias due to deviations from intended interventions
	Some concerns

	
	Bias due to missing outcome data
	Low risk

	
	Bias in measurement of the outcome
	Low risk

	
	Bias in selection of the reported result
	Low risk

	
	Overall risk of bias
	Some concerns

	







Comments
	GRADE: Lack of Allocation concealment: Use of sealed envelopes; Lack of Blinding: Probably uninfluential on mortality; Methodological and statistical quality: No sample size calculation was performed in the face a small number of randomized patients; ROB2:Bias arising from the randomization process: Use of sealed envelopes; Bias due to deviations from intended interventions: No mention of the ITT principle; Overall risk of bias: Some concerns.

	
Methodological and statistical quality
	
Statistical reporting (CONSORT)
	
Overall risk of bias
	
External validity issues

	
Low
	
Partial but sufficient for quality assessment
	
GRADE: Serious; ROB2: Some concerns
	
Single center study




	SINGLE RCT QUALITY ASSESSMENT
	Question: Does NIV reduce mortality in patients submitted to bone marrow transplant and hypoxic respiratory failure?

	RCT 6
	Parallel
	Superiority
	

	Wermke
	BMT
	2012
	Centers included

	
Patients
	Patients receiving bone marrow transplant with either RR > 25, O2 saturation in room air < 92% or PaO2/FiO2 < 300
	
1

	Treatment
	NIV with face mask and homecare ventilators for at least 30 min every 3 hours
	

	Control
	Oxygen
	
	

	Outcome
	100-day mortality
	Unregistered trial
	

	
	
	Outcome quality: Clinically important
	Undesirable effects

	
	Number of patients
	n (%)
	%

	Treatment
	44
	14 (31.8)
	NR

	Control
	42
	16 (38.1) [Expected rate: 80 %]
	NR

	Total
	86
	30 (34.9)
	NR ()

	delta -6.3 (95%-CI -25.4 to 13.4)
	NNTB 16 (95%-CI NNTB 4 to ∞ to NNTH 7)

	Expected delta: -30
	p for effect size 0.722 (calculated 0.542)
	Power for the observed delta: 0.09
	Power by design: 0.8

	Planned sample size: 78
	Sample size needed for observed delta: 1751
	

	Calculated sample size for predicted delta: 72
	
GRADE CRITERIA
	

	







Downgrade (GRADE AND ROB2)
	Lack of allocation concealment
	Yes

	
	Lack of Blinding
	Yes

	
	Selective outcome reporting bias
	No

	
	Incomplete accounting of patients and outcome
events
	
No

	
	Stopping early for benefit/using unvalidated
outcome measures
	
No

	
	Risk of bias of the single RCT
	Serious

	
	ROB2 CRITERIA
	

	
	Bias arising from the randomization process
	Some concerns

	
	Bias due to deviations from intended interventions
	High risk

	
	Bias due to missing outcome data
	Low risk

	
	Bias in measurement of the outcome
	Low risk

	
	Bias in selection of the reported result
	Low risk

	
	Overall risk of bias
	High risk

	







Comments
	GRADE: Lack of allocation concealment: There was no effective approach to conceal randomization; Lack of Blinding: It should not affect mortality; ROB2:Bias arising from the randomization process: It was not indicated how randomization was performed and there was no effective approach to conceal randomization; Bias due to deviations from intended interventions: Alhtough under the protocol, 16 patients (38%) in the control arm crossed over to NIV; Overall risk of bias: High risk.

	
Methodological and statistical quality
	
Statistical reporting (CONSORT)
	
Overall risk of bias
	
External validity issues

	
Low
	
Partial but sufficient for quality assessment
	
GRADE: Serious; ROB2: High risk
	
Single center study




	SINGLE RCT QUALITY ASSESSMENT
	
Question: Does NIV reduce mortality in patients with immune deficiency and hypoxic respiratory failure?

	RCT 7
	Parallel
	Superiority
	

	Lemiale
	JAMA
	2015
	Centers included

	
Patients
	PaO2 <60 mm Hg on room air, or tachypnea >30/min, or labored breathing or
respiratory distress or dyspnea at rest and immune deficiency, admitted to the ICU
	
28

	Treatment
	NIV with face mask and ICU ventilator 60-minute sessions every 4 hours, for at least 2 days

	Control
	Oxygen
	
	

	Outcome
	6-month mortality
	Outcome reported in the trial registration
	

	
	
	Outcome quality: Clinically important
	Undesirable effects

	
	Number of patients
	n (%)
	%

	Treatment
	191
	72 (37.7)
	NR

	Control
	183
	82 (44.8) [Expected rate: 35 %]
	NR

	Total
	374
	154 (41.2)
	NR ()

	delta -7.1 (95%-CI -16.9 to 2.8)
	NNTB 14 (95%-CI NNTB 6 to ∞ to NNTH 35)

	Expected delta: -15
	p for effect size 0.23 (calculated 0.162)
	Power for the observed delta: 0.29
	Power by design: 0.9

	Planned sample size: 374
	Sample size needed for observed delta: 1559
	

	Calculated sample size for predicted delta: 362
	
GRADE CRITERIA
	

	







Downgrade (GRADE AND ROB2)
	Lack of allocation concealment
	No

	
	Lack of Blinding
	Yes

	
	Selective outcome reporting bias
	No

	
	Incomplete accounting of patients and outcome
events
	
No

	
	Stopping early for benefit/using unvalidated
outcome measures
	
No

	
	Risk of bias of the single RCT
	No

	
	ROB2 CRITERIA
	

	
	Bias arising from the randomization process
	Low risk

	
	Bias due to deviations from intended interventions
	Some concerns

	
	Bias due to missing outcome data
	Low risk

	
	Bias in measurement of the outcome
	Low risk

	
	Bias in selection of the reported result
	Low risk

	
	Overall risk of bias
	Some concerns

	







Comments
	GRADE: Lack of Blinding: Probably uninfluential on mortality; Methodological and statistical quality: Besides NIV, HFNC was provided to a high number of patients, with a significant prevalence in the control group. The protcol allowed the use of HFNC at discretion of the attending physician, potentially biasing the results of the study; ROB2:Bias due to deviations from intended interventions: Alhtough it was not a protocol violation, HFNC was administered to a significantly higher number of patients in the control arm (44.3 vs.31.4%); Overall risk of bias: Some concerns.

	
Methodological and statistical quality
	
Statistical reporting (CONSORT)
	
Overall risk of bias
	
External validity issues

	
Low
	
Adequate
	
GRADE: No; ROB2: Some concerns
	
No




	SINGLE RCT QUALITY ASSESSMENT
	
Question: Does CPAP reduce mortality intubation in hematological patients with acute lung injury?

	RCT 8
	Parallel
	Superiority
	

	Squadrone
	ICM
	2010
	Centers included

	
Patients
	Hemtaological malgnancies with white cell count < 1000, P/F < 300, admitted to hematologic units
	
2

	Treatment
	CPAP 12 hours/day for 4 days
	

	Control
	O2
	
	

	Outcome
	Hospital mortality
	Unregistered trial
	

	
	
	Outcome quality: Clinically important
	Undesirable effects

	
	Number of patients
	n (%)
	%

	Treatment
	20
	3 (15)
	NR

	Control
	20
	15 (75) [Expected rate: NA]
	NR

	Total
	40
	18 (45)
	NR ()

	delta -60 (95%-CI -76.9 to -29.7)
	NNTB 2 (95%-CI NNTB 1 to NNTB 3)

	Expected delta:
	p for effect size < 0.0001 (calculated < 0.0001)
	Power for the observed delta: 1
	Power by design: Not reported

	Planned sample size:
	Sample size needed for observed delta: 13
	

	Calculated sample size for predicted delta: not computable
	
GRADE CRITERIA
	

	







Downgrade (GRADE AND ROB2)
	Lack of allocation concealment
	No

	
	Lack of Blinding
	Yes

	
	Selective outcome reporting bias
	No

	
	Incomplete accounting of patients and outcome
events
	
No

	
	Stopping early for benefit/using unvalidated
outcome measures
	
No

	
	Risk of bias of the single RCT
	No

	
	ROB2 CRITERIA
	

	
	Bias arising from the randomization process
	Low risk

	
	Bias due to deviations from intended interventions
	Low risk

	
	Bias due to missing outcome data
	Low risk

	
	Bias in measurement of the outcome
	Low risk

	
	Bias in selection of the reported result
	Low risk

	
	Overall risk of bias
	Low risk

	







Comments
	

GRADE: Methodological and statistical quality: Very small study with very large effects that suggest the presence of small trial bias; ROB2:Overall risk of bias: Low risk.

	
Methodological and statistical quality
	
Statistical reporting (CONSORT)
	
Overall risk of bias
	
External validity issues

	
Low
	
Adequate
	
GRADE: No; ROB2: Low risk
	
Not ICU patients, only two centers involved




	SINGLE RCT QUALITY ASSESSMENT
	Question: Should patients with acute hypoxemic respiratory failure due to COVID, and without criteria for immediate intubation receive CPAP as first line respiratory support?

	RCT 9
	Parallel
	Superiority
	

	Perkins
	JAMA
	2022
	Centers included

	
Patients
	COVID related hypoxia with O2 saturation euqal or less than 94% with a FiO2 of at least 0.40, admitted to the hospital
	
48

	Treatment
	CPAP
	
	

	Control
	O2
	
	

	Outcome
	Hospital mortality
	Outcome reported in the trial registration
	

	
	
	Outcome quality: Clinically important
	Undesirable effects

	
	Number of patients
	n (%)
	%

	Treatment
	364
	72 (19.8)
	NR

	Control
	346
	78 (22.5) [Expected rate: NA]
	NR

	Total
	710
	150 (21.1)
	NR ()

	delta -2.8 (95%-CI -8.8 to 3.2)
	NNTB 36 (95%-CI NNTB 11 to ∞ to NNTH 31)

	Sample size calculation not based on this outcome
	p for effect size 0.37 (calculated 0.368)
	Power for the observed delta: 0.14
	Power by design: Not reported

	Planned sample size:
	Sample size needed for observed delta: 6651
	

	Calculated sample size for predicted delta: not computable
	
GRADE CRITERIA
	

	







Downgrade (GRADE AND ROB2)
	Lack of allocation concealment
	No

	
	Lack of Blinding
	Yes

	
	Selective outcome reporting bias
	No

	
	Incomplete accounting of patients and outcome
events
	
No

	
	Stopping early for benefit/using unvalidated
outcome measures
	
No

	
	Risk of bias of the single RCT
	No

	
	ROB2 CRITERIA
	

	
	Bias arising from the randomization process
	Some concerns

	
	Bias due to deviations from intended interventions
	Some concerns

	
	Bias due to missing outcome data
	Low risk

	
	Bias in measurement of the outcome
	Low risk

	
	Bias in selection of the reported result
	Low risk

	
	Overall risk of bias
	Some concerns

	







Comments
	GRADE: Lack of Blinding: It should not influence mortality; ROB2:Bias arising from
the randomization process: Absence of blinding may influence the outcome; Bias due to deviations from intended interventions: Fifty-eight patients in the CPAP group (15.3%) crossed over to HFNO. In the Oxygen group overall 72 (23.6%) received either CPAP or HFNO, or both. However, the protective effect of CPAP would be unmodified if all patients receiving this rescue therapy were intubated and reduced if in some intubation was prevented; thus, this should not bias the results in favour of the intervention; Overall risk of bias: Some concerns.

	
Methodological and statistical quality
	
Statistical reporting (CONSORT)
	
Overall risk of bias
	
External validity issues

	
High
	
Adequate
	
GRADE: No; ROB2: Some concerns
	
No




	SINGLE RCT QUALITY ASSESSMENT
	Question: Should patients with acute hypoxemic respiratory failure due to COVID, and without criteria for immediate intubation receive CPAP as first line respiratory support?

	RCT 10
	Parallel
	Superiority
	

	Arabi
	JAMA
	2022
	Centers included

	
Patients
	
COVID pneumonia, P/F < 200, > 10 L/m O2
	
8

	Treatment
	CPAP
	
	

	Control
	O2
	
	

	Outcome
	Hospital mortality
	Outcome reported in the trial registration
	

	
	
	Outcome quality: Clinically important
	Undesirable effects

	
	Number of patients
	n (%)
	Barotrauma %

	Treatment
	159
	61 (38.4)
	18.9

	Control
	161
	64 (39.8) [Expected rate: NA]
	15.5

	Total
	320
	125 (39.1)
	17.2 (p 0.42)

	delta -1.4 (95%-CI -11.9 to 9.2)
	NNTB 72 (95%-CI NNTB 8 to ∞ to NNTH 11)

	Expected delta:
	p for effect size 0.8 (calculated 0.8)
	Power for the observed delta: 0.04
	Power by design: Not reported

	Planned sample size:
	Sample size needed for observed delta: 37705
	

	Calculated sample size for predicted delta: not computable
	
GRADE CRITERIA
	

	







Downgrade (GRADE AND ROB2)
	Lack of allocation concealment
	0

	
	Lack of Blinding
	0

	
	Selective outcome reporting bias
	0

	
	Incomplete accounting of patients and outcome
events
	
0

	
	Stopping early for benefit/using unvalidated
outcome measures
	
0

	
	Risk of bias of the single RCT
	Serious

	
	ROB2 CRITERIA
	

	
	Bias arising from the randomization process
	Low risk

	
	Bias due to deviations from intended interventions
	High risk

	
	Bias due to missing outcome data
	Low risk

	
	Bias in measurement of the outcome
	Low risk

	
	Bias in selection of the reported result
	Low risk

	
	Overall risk of bias
	High risk

	







Comments
	


GRADE: ROB2:Overall risk of bias: High risk.

	
Methodological and statistical quality
	
Statistical reporting (CONSORT)
	
Overall risk of bias
	
External validity issues

	
	
	
GRADE: Serious; ROB2: High risk
	
No




References


1. Bouadma L, Mekontso-Dessap A, Burdet C, Merdji H, Poissy J, Dupuis C, Guitton C, Schwebel C, Cohen Y, Bruel C, et al., (2022) High-Dose Dexamethasone and Oxygen Support Strategies in Intensive Care Unit Patients With Severe COVID-19 Acute Hypoxemic Respiratory Failure: The COVIDICUS Randomized Clinical Trial. JAMA Intern Med 182: 906-916
2. Brambilla AM, Aliberti S, Prina E, Nicoli F, Del Forno M, Nava S, Ferrari G, Corradi F, Pelosi P, Bignamini A, et al., (2014) Helmet CPAP vs. oxygen therapy in severe hypoxemic respiratory failure due to pneumonia. Intensive Care Med 40: 942- 949
3. Frat JP, Thille AW, Mercat A, Girault C, Ragot S, Perbet S, Prat G, Boulain T, Morawiec E, Cottereau A, et al., (2015) High-flow oxygen through nasal cannula in acute hypoxemic respiratory failure. N Engl J Med 372: 2185-2196
4. He H, Sun B, Liang L, Li Y, Wang H, Wei L, Li G, Guo S, Duan J, Li Y, et al., (2019) A multicenter RCT of noninvasive ventilation in pneumonia-induced early mild acute respiratory distress syndrome. Crit Care 23: 300
5. Hilbert G, Gruson D, Vargas F, Valentino R, Gbikpi-Benissan G, Dupon M, Reiffers J, Cardinaud JP, (2001) Noninvasive ventilation in immunosuppressed patients with pulmonary infiltrates, fever, and acute respiratory failure. N Engl J Med 344: 481-487
6. Lemiale V, Mokart D, Resche-Rigon M, Pene F, Mayaux J, Faucher E, Nyunga M, Girault C, Perez P, Guitton C, et al., (2015) Effect of Noninvasive Ventilation vs Oxygen Therapy on Mortality Among Immunocompromised Patients With Acute Respiratory Failure: A Randomized Clinical Trial. JAMA 314: 1711-1719
7. Perkins GD, Ji C, Connolly BA, Couper K, Lall R, Baillie JK, Bradley JM, Dark P, Dave C, De Soyza A, et al., (2022) Effect of Noninvasive Respiratory Strategies on Intubation or Mortality Among Patients With Acute Hypoxemic Respiratory Failure and COVID-19: The RECOVERY-RS Randomized Clinical Trial. JAMA 327: 546-558
8. Squadrone V, Massaia M, Bruno B, Marmont F, Falda M, Bagna C, Bertone S, Filippini C, Slutsky AS, Vitolo U, et al., (2010) Early CPAP prevents evolution of acute lung injury in patients with hematologic malignancy. Intensive Care Med 36: 1666-1674
9. Wermke M, Schiemanck S, Hoffken G, Ehninger G, Bornhauser M, Illmer T, (2012) Respiratory failure in patients undergoing allogeneic hematopoietic SCT--a randomized trial on early non-invasive ventilation based on standard care hematology wards. Bone Marrow Transplant 47: 574-580
10. Zhan Q, Sun B, Liang L, Yan X, Zhang L, Yang J, Wang L, Ma Z, Shi L, Wei L, et al., (2012) Early use of noninvasive positive pressure ventilation for acute lung injury: a multicenter randomized controlled trial. Crit Care Med 40: 455-460
11. Arabi YM, Aldekhyl S, Al Qahtani S, Al-Dorzi HM, Abdukahil SA, Al Harbi MK, Al Qasim E, Kharaba A, Albrahim T, Alshahrani MS, et al., (2022) Effect of Helmet
[image: ]ESICM ARDS Consensus and Guidelines
Domain 4
NIV or CPAP vs. Oxygen

[image: ]ESICM ARDS Consensus and Guidelines
Domain 4
NIV or CPAP vs. Oxygen


12

13


Noninvasive Ventilation vs Usual Respiratory Support on Mortality Among Patients With Acute Hypoxemic Respiratory Failure Due to COVID-19: The HELMET-COVID Randomized Clinical Trial. JAMA 328: 1063-1072
12. Cosentini R, Brambilla AM, Aliberti S, Bignamini A, Nava S, Maffei A, Martinotti R, Tarsia P, Monzani V, Pelosi P, (2010) Helmet continuous positive airway pressure vs oxygen therapy to improve oxygenation in community-acquired pneumonia: a randomized, controlled trial. Chest 138: 114-120
13. Ferreira-Gonzalez I, Busse JW, Heels-Ansdell D, Montori VM, Akl EA, Bryant DM, Alonso-Coello P, Alonso J, Worster A, Upadhye S, et al., (2007) Problems with use of composite end points in cardiovascular trials: systematic review of randomised controlled trials. BMJ 334: 786
14. Ferreira-Gonzalez I, Permanyer-Miralda G, Busse JW, Bryant DM, Montori VM, Alonso-Coello P, Walter SD, Guyatt GH, (2007) Methodologic discussions for using and interpreting composite endpoints are limited, but still identify major concerns. J Clin Epidemiol 60: 651-657; discussion 658-662
15. Tomlinson G, Detsky AS, (2010) Composite end points in randomized trials: there is no free lunch. JAMA 303: 267-268
16. Montgomery AA, Peters TJ, Little P, (2003) Design, analysis and presentation of factorial randomised controlled trials. BMC Med Res Methodol 3: 26
17. Sterne JA, Gavaghan D, Egger M, (2000) Publication and related bias in meta- analysis: power of statistical tests and prevalence in the literature. J Clin Epidemiol 53: 1119-1129





In patients being treated with CPAP/NIV for AHRF, does the use of a helmet interface as compared to face mask reduce intubation or mortality?



Literature search and synthesis
Only one RCT was retrieved from the literature [1]. The study was single centre, recruiting 83 patients with hypoxemic respiratory failure requiring non-invasive ventilatory support. Patients were randomized to either face mask or helmet. A second publication was a follow-up study of the same dataset, focused on functional outcomes [2].

Clinical heterogeneity
Patients
We are dealing with only one trial, thus clinical heterogeneity was not an issue. The study was single centre, recruiting 83 patients with hypoxemic respiratory failure requiring non-invasive ventilatory support.

Selected outcomes (and corresponding Forest plots)
The primary outcome was intubation, that it is a reliable source of efficacy when we account for mortality and ascertain that mortality is not increased in the group with lower intubations rates. Among the secondary outcomes, 90-day mortality was measured.
The functional outcomes reported in the follow-up publication [2], with an improvement in the helmet group in terms of functional recovery and delirium incidence, were probably a consequence of the lower intubation rate, that was our outcome of choice.


Individual quality of evidence and methodological heterogeneity
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Although, according to the GRADE and the ROB2 methods the study had only moderate limitations, we had several concerns. We are dealing with a small study, that is thus affected by the risk of the “winner curse”, with an exaggerated protective effect. The 22% mortality reduction is not clinically plausible. Indeed, the authors were seeking for a 20% reduction of the intubation rate, while the find 43%. The study was interrupted prematurely for ethical reasons at the second interim analysis. However, the authors call for a multicentre study to confirm their findings. This means that they either consider their dataset or the healthcare context peculiar, which would justify the early termination, or that their results may be due to an overoptimistic, lucky, trial. In the former case serious issues of generalizability may be raised. In the latter one, instead, the premature interruption could be questioned.
The intubation rate was also reduced strikingly in the intervention arm.
Our evaluation of this study, because of possible bias and external validity issues, was that it may be hypotheses generating more than a source of conclusive answers. The quality of evidence was rated very low in favour after rating down two points for risk of bias and one more point for premature interruption for benefit.

Overall quality of evidence and statistical heterogeneity
Overall quality was dependant on the only study we retrieved.

External validity
Both the case-mix and the interventions could be different compared to other contexts.










MEDLINE (PubMed)

2293 studies
2271 excluded after title and abstract screening
1 full-text from other sources
23 total available for full-text
12 excluded after full-text screening: 9 not consistent with PICO criteria; 3 not RCT articles [2 Follow-up, 1 Subgroup analysis, 0 other];
11 eligible RCTs
PICO 1: 10 RCTs for NIV/CPAP vs. O2
PICO 2: 1 RCTs for NIV/CPAP
helmet vs. mask
PICO 3: 0 RCTs for NIV vs.
CPAP















Figure 1: article selection diagram according to the PRISMA indications.
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	SINGLE RCT QUALITY ASSESSMENT
	Question: Should helmet interface be used instead of facemask for NIV in patients with hypoxemic respiratory failure?

	RCT 1
	Parallel
	Superiority
	II

	Patel
	JAMA
	2016
	Centers included

	Patients
	Hypoxemic respiratory failure
	1

	Treatment
	Helmet NIV
	
	

	Control
	Face mask NIV
	
	

	Outcome
	90-day mortality
	Unregistered trial
	

	
	
	Outcome quality: Clinically important
	Undesirable effects

	
	Number of patients
	n (%)
	%

	Treatment
	44
	15 (34.1)
	NR

	Control
	39
	22 (56.4) [Expected rate: NA]
	NR

	Total
	83
	37 (44.6)
	NR ()

	delta -22.3 (95%-CI -41.1 to -1)
	NNTB 4 (95%-CI NNTB 2 to NNTB 105)

	Sample size calculation not based on this outcome
	p for effect size 0.02 (calculated 0.036)
	Power for the observed delta: 0.55
	Power by design: 0.8

	Planned sample size:
	Sample size needed for observed delta: 144
	

	Calculated sample size for predicted delta: not computable
	
GRADE CRITERIA
	

	







Downgrade (GRADE AND ROB2)
	Lack of allocation concealment
	Maybe

	
	Lack of Blinding
	Yes

	
	Selective outcome reporting bias
	No

	
	Incomplete accounting of patients and outcome
events
	
No

	
	rly for benefit/using unvalidated outcome measures
	Yes

	
	Risk of bias of the single RCT
	Serious

	
	ROB2 CRITERIA
	

	
	Bias arising from the randomization process
	Some concerns

	
	Bias due to deviations from intended interventions
	Low risk

	
	Bias due to missing outcome data
	Low risk

	
	Bias in measurement of the outcome
	Low risk

	
	Bias in selection of the reported result
	Low risk

	
	Overall risk of bias
	Some concerns

	







Comments
	GRADE: Lack of allocation concealment: Use of sealed envelopes raises some issues about allocation concealment; Lack of Blinding: Should not influence mortality; Methodological and statistical quality: The study is exposed to the small trial bias and to unbalnces between the two arms in important prognostic factors; ROB2:Bias arising from the randomization process: Use of sealed envelopes raises some issues about allocation concealment; Overall risk of bias: Some concerns.

	
Methodological and statistical quality
	
Statistical reporting (CONSORT)
	
Overall risk of bias
	
External validity issues

	Low
	Partial but sufficient for quality assessment
	GRADE: Serious; ROB2: Some concerns
	Single center study
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	SINGLE RCT QUALITY ASSESSMENT
	Question: Should helmet interface be used instead of facemask for NIV in patients with hypoxemic respiratory failure?

	RCT 1
	Parallel
	Superiority
	II

	Patel
	JAMA
	2016
	Centers included

	Patients
	Hypoxemic respiratory failure
	1

	Treatment
	Helmet NIV
	
	

	Control
	Face mask NIV
	
	

	Outcome
	Intubation
	Unregistered trial
	

	
	
	Outcome quality: Clinically important
	Undesirable effects

	
	Number of patients
	n (%)
	%

	Treatment
	44
	8 (18.2)
	NR

	Control
	39
	24 (61.5) [Expected rate: 50 %]
	NR

	Total
	83
	32 (38.6)
	NR ()

	delta -43.4 (95%-CI -59.5 to -22.5)
	NNTB 2 (95%-CI NNTB 2 to NNTB 4)

	Expected delta: -20
	p for effect size < 0.001 (calculated < 0.0001)
	Power for the observed delta: 0.99
	Power by design: 0.8

	Planned sample size: 206
	Sample size needed for observed delta: 31
	

	Calculated sample size for predicted delta: 181
	
GRADE CRITERIA
	

	







Downgrade (GRADE AND ROB2)
	Lack of allocation concealment
	Maybe

	
	Lack of Blinding
	Yes

	
	Selective outcome reporting bias
	No

	
	Incomplete accounting of patients and outcome
events
	
No

	
	rly for benefit/using unvalidated outcome measures
	No

	
	Risk of bias of the single RCT
	Serious

	
	ROB2 CRITERIA
	

	
	Bias arising from the randomization process
	Some concerns

	
	Bias due to deviations from intended interventions
	Low risk

	
	Bias due to missing outcome data
	Low risk

	
	Bias in measurement of the outcome
	Low risk

	
	Bias in selection of the reported result
	Low risk

	
	Overall risk of bias
	Some concerns

	







Comments
	GRADE: Lack of allocation concealment: Use of sealed envelopes raises some issues
about allocation concealment; Lack of Blinding: It could influence the decision to intubate or not; Methodological and statistical quality: The study is exposed to the small trial bias and to unbalnces between the two arms in important prognostic factors; ROB2:Bias arising from the randomization process: Use of sealed envelopes raises some issues about allocation concealment; Overall risk of bias: Some concerns.

	
Methodological and statistical quality
	
Statistical reporting (CONSORT)
	
Overall risk of bias
	
External validity issues

	Low
	Partial but sufficient for quality assessment
	GRADE: Serious; ROB2: Some concerns
	Single center study





PubMed literature search Search string:
(("NIV"[Title/Abstract] OR "NIPPV"[Title/Abstract] OR "NIMV"[Title/Abstract] OR "NIPSV"[Title/Abstract] OR "noninvasive ventilation"[Title/Abstract] OR "non-invasive ventilation"[Title/Abstract] OR "CPAP"[Title/Abstract] OR "continuous positive airway pressure"[Title/Abstract] OR "noninvasive positive pressure ventilation"[Title/Abstract] OR "noninvasive mechanical ventilation"[Title/Abstract] OR "noninvasive pressure support ventilation"[Title/Abstract] OR "noninvasive oxygenation"[Title/Abstract] OR "non-invasive oxygenation"[Title/Abstract]) AND ("hypoxemia"[Title/Abstract] OR "hypoxaemia"[Title/Abstract] OR "hypoxemic"[Title/Abstract] OR "hypoxaemic"[Title/Abstract] OR "hypoxic"[Title/Abstract] OR "hypoxia"[Title/Abstract] OR "respiratory failure"[Title/Abstract] OR "acute respiratory distress syndrome"[Title/Abstract] OR "ARDS"[Title/Abstract] OR "COVID"[Title/Abstract])) AND ((english[Filter]) AND (alladult[Filter]))
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In adult patients with acute respiratory distress syndrome (ARDS) or coronavirus disease 2019 (COVID-19)-related ARDS, does low tidal volume ventilation alone compared with more traditional approaches to ventilation decrease mortality?

Literature search
Of 72 references retrieved by the literature search only six studies were included [1-6]. Data from an unpublished trial by Orme et al. were collected from other source [7]. As compared to the 2017 guidelines [8], two studies were excluded: one was probably not a randomized controlled trial and was not published in English [9] and the other one did not match the PICO criteria [10].

RANDOMIZED CONTROLLED TRIALS
Clinical heterogeneity
Patients
All the studies included patients with ARDS, besides one that declared that patients at “high risk” of ARDS were randomized [5]. The experts of the domain, however, regarded these patients as meeting criteria for a diagnosis of ARDS.

Interventions and controls
The intervention was protective ventilation with low tidal volumes (TVs). TVs were calculated differently in different trials: one scaled the TV to measured body weight [2], another to the ideal body weight (25  [height in meters]2) [5], one to the dry weight
[3],and three to the ideal body weight (45.5 [females] or 50 [males] +0.91  [height in cm - 152] [1, 4, 6]. The method of TV calculation was unknown in Orme’s unpublished trial. In four trials the mean TV in the intervention arm was about 7 ml/kg and 10 ml/kg among controls [3-6]. In two trials it was about 6 and 12 ml/kg in the intervention and control arm, respectively [1, 2], while it ranged from 4 to 8 ml/kg, and 10 to 15 ml/kg in the unpublished trial.
Two studies included patients ventilated with low TV associated with higher PEEP [2, 6].
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The members of the domain regarded these differences not sufficiently relevant to justify separate analyses, under the hypothesis that they would not affect, at least qualitatively, the results of the meta-analysis.

Selected outcomes (and corresponding Forest plots)
We considered mortality as the primary outcome, that was reported as in-hospital by most studies, except one that reported 60-day mortality [3]. Only three studies reported ventilator-free days [1, 3, 6]: two at 28 days [1, 6] and one at 60-days [3].

Safety outcomes
The six published trials investigated the incidence of barotrauma. In five of them no difference was found [1, 3-6]. Only in the study by Amato and coworkers [2] there was a significant increase in the number of events in the control group (see the individual study form at the end of the document).

Individual quality of evidence and methodological heterogeneity
The study by Amato and coworkers was interrupted early for benefit after only 53 patients were randomized [2]. The same authors previously published the preliminary results of the study including 28 patients claiming benefit of the lung protective ventilation strategy [11]. Then, an interim analysis was performed after each new block of five patients. These analyses did not seem to be pre-specified but data-driven and no formal rule seems to have been applied contrary to the recommendations [12]. Moreover, when less than 200 patients are randomized, there is a high risk of having overestimated protective effects [13, 14]. Although, the risk of bias according to the RoB2 tool was not high. According to the GRADE criteria, that accounts for early stopping after positive findings, the risk of bias was rated very serious. Moreover, this study was exposed to the small trial bias.
In conclusion, our confidence in the level of evidence provided by this study was low.



The study by Villar and coworkers [6] was also burdened by an early interruption without having clear predefined rules, and was exposed to small trial bias as the previous trial. Accordingly, our confidence in the reliability of this trial was low.
We also rated down the quality of evidence provided by the trial by Brower and collaborators published in 1999 [4], because enrolling only 52 patients and at risk of bias due to small sample sizes.
Among the other studies, the ARMA trial [1] was also interrupted early for benefit, but the number of patients randomized was high (more than 800) and the stopping rules were predefined and clear. Our confidence in the reliability of the findings of this trial was moderate.

External validity issues
The trial by Brochard and coworkers [3] randomized only 2 patients/year per centre, carrying a potential risk of selection bias. The trial by Amato and coworkers [2], instead, was conducted in only two centres. The other trials did not show any generalisability issues.

Overall quality of evidence and statistical heterogeneity
Mortality
We performed a primary analysis including studies providing evidence from moderate to high, thus excluding the studies by Amato, Villar, the 1999 study by Brower and collaborators [2, 4, 6], for the reasons explained above, and the study by Orme that being unpublished could not be assessed.
The overall result was not statistically significant (Figure 2). The secondary analysis, including all the trials, was consistent with the primary analysis (Figure 3). The analysis of heterogeneity was inconclusive because of the large imprecision (I2 confidence interval ranging from low to high values in both primary and secondary analyses).
In 2002 Eichaker et al. [15] expressed concerns about the heterogeneity across the trials that had been published at that time [1-5], highlighting the importance of the higher TV



in the control groups in the beneficial trials [1, 2] compared to the non-beneficial ones [3-5]. They also demonstrated that, at the time the study was carried out, the TV prescribed in the control group (12 ml/kg) was higher than the standard of care [16].
The domain representatives, although acknowledging these differences, thought that the studies were sufficiently clinically homogeneous to be combined in a meta-analysis.

Ventilator-free days
The primary and secondary analyses were consistent in not providing any evidence in terms of significant variations of the outcome (Figure 4). The analysis of heterogeneity was inconclusive because of high imprecision.

Barotrauma
There was no difference in terms of barotrauma incidence in our primary and secondary analyses (Figure 5). The analysis of heterogeneity was inconclusive because of high imprecision.

Conclusions
We found no evidence in support of low-tidal volume compared to higher tidal volumes in terms of mortality, VFD, and barotrauma incidence. According to the GRADE evidence was high considering the primary analysis and low considering the secondary analysis, because of risk of bias and imprecision (Table 1).










MEDLINE (PubMed)
1729 studies Identified
1658 excluded after title and abstract screening
1 full- text from other sources
72 total
available for full- text screening
65 excluded after full-text screening: 19 not consistent with PICO criteria; 46 Different intervention [20 APRV or
HFOV, 12 PEEP titration, 14 other]
7 eligible RCTs









Figure 1. Article selection diagram according to the PRISMA indications.
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Figure 2. Primary analysis including moderate to high quality studies. Hospital mortality was reported by all the trials except for Brochard 1998 that reported mortality at 60 days.



[image: ]Figure 3. Secondary analysis including all the studies. Hospital mortality was reported by all the trials except for Brochard 1998 that reported mortality at 60 days.
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Figure 4. Ventilator-free days at 28 days (Brower and Villar) and at 60 days (Brochard).
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Figure 5. Barotrauma incidence reported by 6 studies (data non available for Orme’s unpublished trial), stratificated by the quality of the trials.







	
	

	

	

	

	

	

	

	

	

	

	
	




Figure 6. RoB2 assessment for all the trials excluding Orme’s unpublished study that was no assessable.ROB 2 overall risk of bias
Bias arising from the randomization process


Bias due to deviations from intended interventions


Bias due to missing outcome data


Bias in measurement of the outcome


Bias in selection of the reported result


Overall risk of bias
0%
10%	20%	30%	40%	50%	60%	70%	80%	90%	100%
Low risk	Some concerns	High risk
Risk of bias
Inconsistency
Indirectness
Imprecision
Publication bias


















Table 1. GRADE rating of RCTs. Overall quality of evidence for mortality.✚✚☐☐
Low
✚✚✚✚
High
Serious	No	Serious	No	No
No	No	No
No
No
64/702	0.82
(9.1)	[0.76, 1.02]
45/715 (6.3)
7
191/550	221/547	0.96
(34.7)	(40.4)	[0.72-1.28]
3
Hospital mortality
Hospital mortality
Quality
Relative Risk [95%-CI]
Control n (%)
Treatmen n (%)
Outcome	N. of RCTs
	Overall quality assessment	




PubMed literature search
Search code:
(("Low tidal volume"[Title/Abstract] OR "low tidal"[Title/Abstract] OR "lower tidal"[Title/Abstract] OR "tidal volume reduction"[Title/Abstract] OR "reduced tidal volume"[Title/Abstract] OR "intermediate tidal volume"[Title/Abstract] OR "protective ventilation"[Title/Abstract] OR "volume-limited ventilation"[Title/Abstract] OR "limited ventilation"[Title/Abstract] OR "airway pressure release ventilation"[Title/Abstract] OR "APRV"[Title/Abstract]) AND ("hypoxemia"[Title/Abstract] OR "hypoxaemia"[Title/Abstract] OR "hypoxemic"[Title/Abstract] OR "hypoxaemic"[Title/Abstract] OR "hypoxic"[Title/Abstract] OR "hypoxia"[Title/Abstract] OR "respiratory failure"[Title/Abstract] OR "acute respiratory distress syndrome"[Title/Abstract] OR "desaturation"[Title/Abstract] OR "reintubation"[Title/Abstract] OR "ARDS"[Title/Abstract] OR "COVID"[Title/Abstract] OR "SARS-COV-2"[Title/Abstract])) AND (english[Filter])


	SINGLE RCT QUALITY ASSESSMENT
	
Question: Can a low tidal volume ventilation strategy compared with conventional approach reduce mortality?

	RCT 1
	Parallel
	Superiority
	III

	Brochard
	AJRCCM
	1998
	Centers included

	Patients
	ARDS patients with P/F <200
	
	25

	Treatment
	Low Tidal volume (VT <10 mL/kg)
	

	Control
	Conventional group (VT ≥10 mL/kg)
	

	Outcome
	60-day mortality
	Unregistered trial
	

	
	
	Outcome quality: Clinically important
	Undesirable effects

	
	Number of patients
	n (%)
	pneumothorax %

	Treatment
	58
	27 (46.6)
	13.8

	Control
	58
	22 (37.9) [Expected rate: 50 %]
	12.1

	Total
	116
	49 (42.2)
	12.9 (p 0.786)

	delta 8.6 (95%-CI -9.1 to 25.6)
	NNTH 12 (95%-CI NNTB 11 to ∞ to NNTH 4)

	Expected delta: -20
	p for effect size 0.38 (calculated 0.346)
	Power for the observed delta: 0.15
	Power by design: 0.8

	Planned sample size: 240
	Sample size needed for observed delta: 993
	

	Calculated sample size for predicted delta: 181
	
GRADE CRITERIA
	

	







Downgrade (GRADE AND ROB2)
	Lack of allocation concealment
	Maybe

	
	Lack of Blinding
	Yes

	
	Selective outcome reporting bias
	No

	
	events
	No

	
	Stopping early for benefit/using unvalidated
outcome measures
	
No

	
	Risk of bias of the single RCT
	No

	
	ROB2 CRITERIA
	

	
	Bias arising from the randomization process
	Some concerns

	
	Bias due to deviations from intended interventions
	Low risk

	
	Bias due to missing outcome data
	Low risk

	
	Bias in measurement of the outcome
	Low risk

	
	Bias in selection of the reported result
	Low risk

	
	Overall risk of bias
	Some concerns

	







Comments
	

GRADE: Lack of allocation concealment: Use of sealed envelopes; Lack of Blinding: Should not influence mortality; Stopping early for benefit/using unvalidated outcome measures: The study was stopped prematurely after an interim analysis performed on the first 100 patients; ROB2:Bias arising from the randomization process: Use of sealed envelopes; Overall risk of bias: Some concerns.

	
Methodological and statistical quality
	
Statistical reporting (CONSORT)
	
Overall risk of bias
	
External validity issues

	
High
	Partial but sufficient for quality assessment
	
GRADE: No; ROB2: Some concerns
	Few patients recruited per center every year, possible selection bias
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	SINGLE RCT QUALITY ASSESSMENT
	
Question: Can a low tidal volume ventilation strategy compared with conventional approach reduce mortality?

	RCT 2
	Parallel
	Superiority
	III

	Brower
	CCM
	1999
	Centers included

	Patients
	ARDS patients with P/F<200
	
	4

	Treatment
	Low Tidal volume (VT <10 mL/kg)
	

	Control
	Conventional group (VT ≥10 mL/kg)
	

	Outcome
	Hospital mortality
	Unregistered trial
	

	
	
	Outcome quality: Clinically important
	Undesirable effects

	
	Number of patients
	n (%)
	barotrauma %

	Treatment
	26
	13 (50)
	7.7

	Control
	26
	12 (46.2) [Expected rate: NA]
	3.8

	Total
	52
	25 (48.1)
	5.8 (p 0.544)

	delta 3.8 (95%-CI -21.8 to 28.8)
	NNTH 26 (95%-CI NNTB 5 to ∞ to NNTH 3)

	Sample size calculation not based on this outcome
	p for effect size NR (calculated 0.782)
	Power for the observed delta: 0.05
	Power by design: 0.9

	Planned sample size:
	Sample size needed for observed delta: 5513
	

	Calculated sample size for predicted delta: not computable
	
GRADE CRITERIA
	

	







Downgrade (GRADE AND ROB2)
	Lack of allocation concealment
	Maybe

	
	Lack of Blinding
	No

	
	Selective outcome reporting bias
	No

	
	events
	No

	
	Stopping early for benefit/using unvalidated
outcome measures
	
No

	
	Risk of bias of the single RCT
	No

	
	ROB2 CRITERIA
	

	
	Bias arising from the randomization process
	Some concerns

	
	Bias due to deviations from intended interventions
	Low risk

	
	Bias due to missing outcome data
	Low risk

	
	Bias in measurement of the outcome
	Low risk

	
	Bias in selection of the reported result
	Low risk

	
	Overall risk of bias
	Some concerns

	







Comments
	

GRADE: Lack of allocation concealment: Randomization was stratified by intensive care unit, with equal numbers of pts in each treatment group in variable-sized blocks; Stopping early for benefit/using unvalidated outcome measures: The study was stopped for futility after second interim analysis.; ROB2:Overall risk of bias: Some concerns.

	
Methodological and statistical quality
	
Statistical reporting (CONSORT)
	
Overall risk of bias
	
External validity issues

	
High
	Partial but sufficient for quality assessment
	
GRADE: No; ROB2: Some concerns
	Eight ICUs in 4 teaching hospital




	SINGLE RCT QUALITY ASSESSMENT
	
Question: Can a low tidal volume ventilation strategy compared with conventional approach reduce mortality?

	RCT 3
	Parallel
	Superiority
	III

	Brower
	NEJM
	2000
	Centers included

	Patients
	ARDS patients with P/F < 300
	10

	Treatment
	Low Tidal volume (VT 6 mL/kg)
	

	Control
	Conventional group (VT 12 mL/kg)
	

	Outcome
	Hospital mortality
	Unregistered trial
	

	
	
	Outcome quality: Clinically important
	Undesirable effects

	
	Number of patients
	n (%)
	Barotrauma within 28 days %

	Treatment
	432
	134 (31)
	2.3

	Control
	429
	171 (39.9) [Expected rate: 50 %]
	2.6

	Total
	861
	305 (35.4)
	2.4 (p 0.776)

	delta -8.8 (95%-CI -15.1 to -2.5)
	NNTB 11 (95%-CI NNTB 7 to NNTB 41)

	Expected delta: -10
	p for effect size 0.007 (calculated 0.006)
	Power for the observed delta: 0.69
	Power by design: 0.87

	Planned sample size: 1000
	Sample size needed for observed delta: 1124
	

	Calculated sample size for predicted delta: 934
	
GRADE CRITERIA
	

	







Downgrade (GRADE AND ROB2)
	Lack of allocation concealment
	No

	
	Lack of Blinding
	Not reported

	
	Selective outcome reporting bias
	No

	
	events
	No

	
	Stopping early for benefit/using unvalidated
outcome measures
	
Yes

	
	Risk of bias of the single RCT
	Serious

	
	ROB2 CRITERIA
	

	
	Bias arising from the randomization process
	Low risk

	
	Bias due to deviations from intended interventions
	Low risk

	
	Bias due to missing outcome data
	Low risk

	
	Bias in measurement of the outcome
	Low risk

	
	Bias in selection of the reported result
	Low risk

	
	Overall risk of bias
	Low risk

	







Comments
	

GRADE: Lack of allocation concealment: A centralized interactive voice system was used for randomization; Stopping early for benefit/using unvalidated outcome measures: The trial was stopped after the fourth interim analysis because the use of lower tidal volumes was found to be efficacious; Risk of bias of the single RCT: to be efficacious ; ROB2:Overall risk of bias: Low risk.

	
Methodological and statistical quality
	
Statistical reporting (CONSORT)
	
GRADE and ROB2 criteria
	
External validity issues

	
High
	
Adequate
	
GRADE: Serious; ROB2: Low risk
	
No




	SINGLE RCT QUALITY ASSESSMENT
	Question: In mechanically-ventilated patients with ARDS, does a lung-protective ventilation with lower tidal
volumes and higher PEEP, as compared to a conventional ventilation with higher tidal volumes and lower PEEP, result in a lower hospital mortality?

	RCT 4
	Parallel
	Superiority
	II

	Amato
	NEJM
	1998
	Centers included

	Patients
	ARDS patients; mechanically ventilated
	2

	Treatment
	Protective ventilation TV < 6 mL/kg PEEP 2 cmH2O > Pflex or minumum 16 cmH2O

	Control
	Conventional ventilation
	
	

	Outcome
	Hospital mortality
	Unregistered trial
	

	
	
	Outcome quality: Clinically important
	Undesirable effects

	
	Number of patients
	n (%)
	Barotrauma %

	Treatment
	29
	13 (44.8)
	6.9

	Control
	24
	17 (70.8) [Expected rate: 50 %]
	41.7

	Total
	53
	30 (56.6)
	22.6 (p 0.002)

	delta -26 (95%-CI -47.7 to 0.7)
	NNTB 4 (95%-CI NNTB 2 to ∞ to NNTH 153)

	Sample size calculation not based on this outcome
	p for effect size 0.09 (calculated 0.046)
	Power for the observed delta: 0.51
	Power by design: 0.85

	Planned sample size: 58
	Sample size needed for observed delta: 106
	

	Calculated sample size for predicted delta: 97
	
GRADE CRITERIA
	

	






Downgrade (GRADE AND ROB2)
	Lack of allocation concealment
	Maybe

	
	Lack of Blinding
	Yes

	
	Selective outcome reporting bias
	No

	
	events
	No

	
	Stopping early for benefit/using unvalidated
outcome measures
	
Yes

	
	Risk of bias of the single RCT
	Very serious

	
	ROB2 CRITERIA
	

	
	Bias arising from the randomization process
	Some concerns

	
	Bias due to deviations from intended interventions
	Low risk

	
	Bias due to missing outcome data
	Low risk

	
	Bias in measurement of the outcome
	Low risk

	
	Bias in selection of the reported result
	Low risk

	
	Overall risk of bias
	Some concerns

	






Comments
	

GRADE: Lack of allocation concealment: Sealed envelopes for randomization; Lack of Blinding: Assessment of 28-day mortality should not be affected by lack of blinding; Stopping early for benefit/using unvalidated outcome measures: Stopped early for benefit on the primary outcome (28-day mortality) after enrollment of 53 patients (91%). Possible overestimation of effect with fewer than 200 events.; ROB2:Overall risk of bias: Some concerns.

	
Methodological and statistical quality
	
Statistical reporting (CONSORT)
	
Overall risk of bias
	
External validity issues

	
Low
	Partial but sufficient for quality assessment
	
GRADE: Very serious; ROB2: Some concerns
	2 ICUs in a single country (Brasil); age limited to <70 years




	SINGLE RCT QUALITY ASSESSMENT
	Question: In mechanically-ventilated patients with moderate to severe ARDS, does a lung-protective ventilation with lower tidal volumes and higher PEEP, as compared to a conventional ventilation with higher tidal volumes
and lower PEEP, result in a lower hospital mortality?

	RCT 5
	Parallel
	Superiority
	

	Villar
	CCM
	2006
	Centers included

	Patients
	Moderate to severe ARDS; mechanically ventilated
	8

	Treatment
	Lung protective ventilation TV 5-8 mL/kg PEEP at Pflex + 2 cmH2O or 15 cmH2O
	

	Control
	Conventional ventilation
	
	

	Outcome
	Hospital mortality
	Unregistered trial
	

	
	
	Outcome quality: Clinically important
	Undesirable effects

	
	Number of patients
	n (%)
	Barotrauma %

	Treatment
	50
	17 (34)
	4

	Control
	45
	25 (55.6) [Expected rate: 50 %]
	8.9

	Total
	95
	42 (44.2)
	6.3 (p 0.334)

	delta -21.6 (95%-CI -39.3 to -1.6)
	NNTB 5 (95%-CI NNTB 3 to NNTB 63)
	

	Sample size calculation not based on this outcome
	p for effect size 0.041 (calculated 0.03)
	Power for the observed delta: 0.58
	Power by design: 0.8

	Planned sample size: 148
	Sample size needed for observed delta: 155
	

	Calculated sample size for predicted delta: 181
	
GRADE CRITERIA
	

	







Downgrade (GRADE AND ROB2)
	Lack of allocation concealment
	Maybe

	
	Lack of Blinding
	Yes

	
	Selective outcome reporting bias
	No

	
	events
	No

	
	Stopping early for benefit/using unvalidated
outcome measures
	
Yes

	
	Risk of bias of the single RCT
	Very serious

	
	ROB2 CRITERIA
	

	
	Bias arising from the randomization process
	Some concerns

	
	Bias due to deviations from intended interventions
	Low risk

	
	Bias due to missing outcome data
	Low risk

	
	Bias in measurement of the outcome
	Low risk

	
	Bias in selection of the reported result
	Low risk

	
	Overall risk of bias
	Some concerns

	







Comments
	GRADE: Lack of allocation concealment: Sealed envelopes for allocation. One centre failed to adhere to the randomization methodology: the 8 patients enrolled (3 in the intervention group and 5 in the control group) were excluded from the main analysis (n= 95, 50 in the intervention, 45 in the control group). The Authors report that the sensitivity analysis conducted on all the randomized patients (n= 103, 53 in the intervention, 50 in the control group) yielded comparable results. ; Stopping early for benefit/using unvalidated outcome measures: Stopped early for benefit on the primary outcome (ICU mortality) after enrollment of 98 patients (66%). No formal rules for early stoppingwere described nor seem to be prespecified in detail; ROB2:Overall risk of bias: Some concerns.

	
Methodological and statistical quality
	
Statistical reporting (CONSORT)
	
Overall risk of bias
	
External validity issues

	
Low
	
Adequate
	
GRADE: Very serious; ROB2: Some concerns
	
Single country (Spain)




	SINGLE RCT QUALITY ASSESSMENT
	
Question: Can a low tidal volume ventilation strategy compared with conventional approach reduce mortality?

	RCT 6
	Parallel
	Superiority
	

	Stewart
	NEJM
	1998
	Centers included

	Patients
	ARDS
	
	8

	Treatment
	Low TV (< 8 ml/kg)
	
	

	Control
	High TV (10-15 ml/kg)
	
	

	Outcome
	Hospital mortality
	Unregistered trial
	

	
	
	Outcome quality: Clinically important
	Undesirable effects

	
	Number of patients
	n (%)
	barotrauma %

	Treatment
	60
	30 (50)
	10

	Control
	60
	28 (46.7) [Expected rate: NA]
	6.7

	Total
	120
	58 (48.3)
	8.3 (p 0.512)

	delta 3.3 (95%-CI -14.1 to 20.5)
	NNTH 30 (95%-CI NNTB 7 to ∞ to NNTH 5)

	Expected delta not reported
	p for effect size 0.72 (calculated 0.714)
	Power for the observed delta: 0.06
	Power by design: Not reported

	No sample size calculation
	Sample size needed for observed delta: 6840
	

	Calculated sample size for predicted delta: not computable
	
GRADE CRITERIA
	

	







Downgrade (GRADE AND ROB2)
	Lack of allocation concealment
	No

	
	Lack of Blinding
	Yes

	
	Selective outcome reporting bias
	No

	
	events
	Maybe

	
	Stopping early for benefit/using unvalidated
outcome measures
	
No

	
	Risk of bias of the single RCT
	Serious

	
	ROB2 CRITERIA
	

	
	Bias arising from the randomization process
	Some concerns

	
	Bias due to deviations from intended interventions
	Low risk

	
	Bias due to missing outcome data
	Low risk

	
	Bias in measurement of the outcome
	Low risk

	
	Bias in selection of the reported result
	Low risk

	
	Overall risk of bias
	Some concerns

	







Comments
	

GRADE: Lack of allocation concealment: Computer-generated random-number tables ; Incomplete accounting of patients and outcome events: Small sample size in 8 centres. ; Stopping early for benefit/using unvalidated outcome measures: Sample size calculation not done.; ROB2:Overall risk of bias: Some concerns.

	
Methodological and statistical quality
	
Statistical reporting (CONSORT)
	
Overall risk of bias
	
External validity issues

	
Low
	Partial and not sufficient for quality assessment
	
GRADE: Serious; ROB2: Some concerns
	
No
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In patients with ARDS undergoing invasive mechanical ventilation, does routine PEEP titration using a higher PEEP/FiO2 strategy compared to a lower PEEP/FiO2 strategy reduce mortality?



Literature search
Three randomized controlled trials were selected (Figure 1) [1-3].

Clinical heterogeneity
Patients
Patients with ARDS and a PaO2/FiO2 ratio < 300 [1, 2] or < 250 [3] were enrolled, with an average value at randomization around 150 mmHg (Table 1). Age was similar, and there were only minor differences in female prevalence among the studies (Table 1).

Interventions and controls
In the EXPRESS 2008 trial [2], patients were ventilated using a tidal volume of 6 mL/kg and the PEEP was set as high as possible in order to maintain a plateau pressure of 28- 30 cmH2O. Recruitment manoeuvres were permitted ut not recommended. In the ALVEOLI 2004 trial [1], the PEEP was set in the higher and lower PEEP groups according to PEEP/FiO2 tables; on the first day the average PEEP in the intervention and the control group was 14.7 and 8.9 cmH2O, respectively (Table 1). In this study the intervention was modified after 171 patients were randomized, using PEEP/FiO2 tables with increasing PEEP levels. No statistically significant mortality differences were observed between the two periods, although in the first one the mortality rates were strikingly lower in the intervention and control groups (19.8 and 14.1% in the first period vs. 31.1 and 29.8% in the second period). These differences were attributed to chance, but raise some concerns about a potential selection bias in the first part of the trial. Moreover, recruitment manoeuvres that were part of the protocol in the experimental arm were
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abandoned after 80 patients were recruited because of lack of stable improvements in oxygenation.
In the LOVS 2008 trial [3], brief recruitment manoeuvres (40 cmH2O x 40 seconds) were part of the intervention group, once at the randomization and after every ventilator disconnection up to four times a day. All patients in the intervention group received the first recruitment manoeuvres ate enrolment;77.1% of them received at least an additional recruitment manoeuvre. Recruitment manoeuvres were not permitted in the control group.

Selected outcomes (and corresponding Forest plots)
We considered hospital mortality and ventilator free days as our primary outcomes and barotrauma and hemodynamic instability as safety outcomes.

Individual quality of evidence and methodological heterogeneity
The domain group of experts did not consider the differences across studies such as to contraindicate their combination in a meta-analysis.

Hospital mortality
No statistically significant differences were found in terms of hospital mortality (Figure 2).
The risk of bias was considered low according to the GRADE, while according to the RoB2 the ALVEOLI 2004 trial raised some concerns because of the change of protocol [1] (Table 2). Our confidence in the results of this trial was further lowered because of the striking difference in mortality between the two phases of the study (before and after the protocol amendment), that suggests the possibility that less severe patients were enrolled in the first part of the trial.



Ventilator-free days
Ventilator-free days could not be meta-analysed because they were not reported in the LOVS trial [3], while the median values were used in the EXPRESS trial [2] and the mean values in the ALVEOLI trial [1]. In the EXPRESS trial [2], a median increase of 4 ventilator- free days was found in the intervention group (p=0.04), while in the ALVEOLI trial the mean value difference of 0.7 days in favour of controls was not statistically significant (p=0.50).
Our evaluation of risk of bias for the trials taken individually was further downgraded one point for lack of blinding that can affect this outcome. However, no clear signals could be caught by this analysis that did not indicate any superiority of either strategy.

Barotrauma
No statistically significant differences were found in the incidence of barotrauma between intervention and control arms (Figure 3). The same individual risk of bias evaluation as for mortality was considered (Table 2).

Overall quality of evidence and statistical heterogeneity
The three studies were considered sufficiently homogeneous under the clinical and methodological perspective to be meta-analysed. Statistical heterogeneity estimate was low but imprecision could not rule out high degrees of heterogeneity, turning out, in the end, to be inconclusive.

Hospital mortality
Our overall evaluation was overall high quality of evidence according to the GRADE and low risk of bias according to the RoB2 (Table 3, Figure 4). Evidence did not support the superiority of the intervention compared to the control.



Ventilator-free days
Evidence was instead of moderate quality according to the GRADE when ventilator-free days were considered, and did not support the use of the intervention.

Safety
Finally, there was strong evidence of absence of barotrauma incidence due to the high PEEP approach.

Other sources of evidence
An individual patient meta-analysis analysed the results of the three trials [4]. The results of the multivariable analysis did not show any difference in hospital mortality nor pneumothorax. The model used in the meta-analysis did not account for recruitment manoeuvres that were frequently performed in the LOVS trial [3] and not in the other two trials. Evidence from the individual patient meta-analysis did modify the results of our analysis.

5









MEDLINE (PubMed)
3295 studies
3275 excluded after title and abstract screening
1 full-text from other sources
21 total
available for full- text screening
6 excluded after full-text screening: 5 not consistent with PICO criteria; 1 not RCT article [1 meta-analyses, 0 reviews, 0 other];
15 eligible RCTs


 PICO 1: 3 RCTs for High vs. low PEEP without RM (one in common with PICO 4)
PICO 3: 7 RCTs for Prolonged high pressure RM (one in common with PICO 2)
PICO 2: 4 RCTs for PEEP titration based on ventilatory mechanics/imaging (one in common with PICO 3)
PICO 4: 3 RCTs for Brief high pressure RM (one in common with PICO 1)










Figure 1. Article selection diagram according to the PRISMA indications.
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Figure 2. Hospital mortality, Higher vs. lower PEEP/FiO2 strategies. P/F does refer to the PEEP/FiO2 ratio.
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Figure 3. Barotrauma, higher vs. lower PEEP/FiO2 strategies. P/F does refer to the PEEP/FiO2 ratio.




ROB 2 overall risk of bias

Bias arising from the randomization process Bias due to deviations from intended interventions
Bias due to missing outcome data Bias in measurement of the outcome Bias in selection of the reported result
Overall risk of bias

0%	10%	20%	30%	40%	50%	60%	70%	80%	90%	100%
Low risk	Some concerns	High risk

Figure 4. Overall risk of bias according to the RoB2 method for mortality and barotrauma outcomes.





	
	Mercat - JAMA 2008
	Brower - NEJM 2004
	Meade - JAMA 2008

	
	Experimental
	Control
	Experimental
	Control
	Experimental
	Control

	N patients
	385
	382
	276
	273
	475
	508

	Age Mean (SD)
	60 (16)
	60 (15)
	54 (17)
	49 (17)
	54.5 (16.5)
	56.9 (16.5)

	Females, n (%)
	125 (32.5)
	126 (33)
	128 (46.4)
	119 (43.6)
	193 (40.6)
	201 (39.6)

	Inclusion P/F Mean (SD)
	144 (58)
	143 (57)
	151 (67)
	165 (77)
	144.8 (47.9)
	144.6 (49.2)

	PEEP on day 1 Mean (SD)
	14.6 (3.2)
	7.1 (1.8)
	14.7 (3.5)
	8.9 (3.5)
	15.6 (3.9)
	10.1 (3)

	Inclusion TV ml/kg Mean (SD)
	7.4 (1.4)
	7.5 (1.5)
	8 (2)
	8.2 (2)
	6.8 (1.4)
	6.8 (1.3)

	RM, n (%)
	27 (7)
	49 (12.8)
	80 (29)
	0 (0)
	366 (77.1)
	0 (0)


Table 1.Main patients characteristics of the three RCTs.

	

RoB2
	Bias arising from		Bias due to	Bias due to		Bias in		Bias in selection rand the ation	deviations d		missing	measurement	of the reported
omiz	from intende	outcome	of the outcome	result
process	interventions	data
	
Overall risk of bias

	Mercat JAMA-2008 Brower NEJM-2004
Meade JAMA-2008
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Table 2. Individual study risk of bias according to the RoB2 method for the mortality and barotrauma outcomes.Risk of bias
Inconsistency
Indirectness
Imprecision
Publication bias











Table 3. GRADE rating of overall evidence for hospital mortality and barotrauma.Overall quality assessment
Outcome
Hospital mortality
Barotrauma
Treatment n (%) 385/1136 (33.9) 109/1136 (9.6)
Control n (%)
422/1163 (36.3) 96/1163 (8.3)
Relative Risk [95%-CI] 0.93
[0.83, 1.04]
1.17
[0.90, 1.52]
No	No	No	No
No
Quality
✚✚✚✚ High
No
No
No
No
No
✚✚✚✚ High




PubMed literature search
("PEEP"[Title/Abstract] OR "positive end-expiratory pressure"[Title/Abstract] OR "positive end-expiratory pressure"[Title/Abstract] OR "recruitment maneuvers"[Title/Abstract] OR "alveolar recruitment"[Title/Abstract] OR "open lung"[Title/Abstract]) AND ("hypoxemia"[Title/Abstract] OR "hypoxaemia"[Title/Abstract] OR "hypoxemic"[Title/Abstract] OR "hypoxaemic"[Title/Abstract] OR "hypoxic"[Title/Abstract] OR "hypoxia"[Title/Abstract] OR "acute respiratory distress syndrome"[Title/Abstract] OR "ARDS"[Title/Abstract] OR "adult respiratory distress syndrome"[Title/Abstract])


	SINGLE RCT QUALITY ASSESSMENT
	
Question: Can higher PEEP and low tidal volume ventilation reduce mortality ?

	RCT 1
	Parallel
	Superiority
	III

	Mercat
	JAMA
	2008
	Centers included

	Patients
	ARDS patients with P/F <300
	
	37

	Treatment
	Higher PEEP to reach Pplat 28-30 cmH2O
	

	Control
	Moderate PEEP strategy (5-9 cmH2O)
	

	Outcome
	Hospital mortality
	Outcome reported in the trial registration
	

	
	
	Outcome quality: Clinically important
	Undesirable effects

	
	Number of patients
	n (%)
	pneumothorax %

	Treatment
	385
	136 (35.3)
	6.8

	Control
	382
	149 (39) [Expected rate: NA]
	5.8

	Total
	767
	285 (37.2)
	6.3 (p 0.568)

	delta -3.7 (95%-CI -10.5 to 3.1)
	NNTB 27 (95%-CI NNTB 10 to ∞ to NNTH 32)

	Sample size calculation not based on this outcome
	p for effect size 0.3 (calculated 0.292)
	Power for the observed delta: 0.18
	Power by design: 0.8

	Planned sample size:
	Sample size needed for observed delta: 5245
	

	Calculated sample size for predicted delta: not computable
	
GRADE CRITERIA
	

	







Downgrade (GRADE AND ROB2)
	Lack of allocation concealment
	No

	
	Lack of Blinding
	Yes

	
	Selective outcome reporting bias
	No

	
	Incomplete accounting of patients and outcome
events
	
Yes

	
	rly for benefit/using unvalidated outcome measures
	No

	
	Risk of bias of the single RCT
	No

	
	ROB2 CRITERIA
	

	
	Bias arising from the randomization process
	Low risk

	
	Bias due to deviations from intended interventions
	Low risk

	
	Bias due to missing outcome data
	Low risk

	
	Bias in measurement of the outcome
	Low risk

	
	Bias in selection of the reported result
	Low risk

	
	Overall risk of bias
	Low risk

	







Comments
	


GRADE: Lack of Blinding: The mortality rate should not be affected by lack of blinding; ROB2:Overall risk of bias: Low risk.

	
Methodological and statistical quality
	
Statistical reporting (CONSORT)
	
Overall risk of bias
	
External validity issues

	
High
	
Adequate
	
GRADE: No; ROB2: Low risk
	
No
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	SINGLE RCT QUALITY ASSESSMENT
	
Question: Can higher PEEP and low tidal volume ventilation reduce mortality?

	RCT 2
	Parallel
	Superiority
	III

	Brower
	NEJM
	2004
	Centers included

	Patients
	ARDS patients with P/F <300
	
	23

	Treatment
	PEEP targeted at least at 14 cm H2O
	

	Control
	Lower PEEP
	
	

	Outcome
	Hospital mortality
	Unregistered trial
	

	
	
	Outcome quality: Clinically important
	Undesirable effects

	
	Number of patients
	n (%)
	barotrauma %

	Treatment
	276
	76 (27.5)
	10.9

	Control
	273
	68 (24.9) [Expected rate: NA]
	9.9

	Total
	549
	144 (26.2)
	10.4 (p 0.702)

	delta 2.6 (95%-CI -4.7 to 9.9)
	NNTH 38 (95%-CI NNTB 21 to ∞ to NNTH 10)

	Expected delta:
	p for effect size 0.48 (calculated 0.484)
	Power for the observed delta: 0.1
	Power by design: Not reported

	Planned sample size:
	Sample size needed for observed delta: 8529
	

	Calculated sample size for predicted delta: not computable
	
GRADE CRITERIA
	

	







Downgrade (GRADE AND ROB2)
	Lack of allocation concealment
	No

	
	Lack of Blinding
	Yes

	
	Selective outcome reporting bias
	No

	
	Incomplete accounting of patients and outcome
events
	
No

	
	rly for benefit/using unvalidated outcome measures
	No

	
	Risk of bias of the single RCT
	No

	
	ROB2 CRITERIA
	

	
	Bias arising from the randomization process
	Low risk

	
	Bias due to deviations from intended interventions
	Some concerns

	
	Bias due to missing outcome data
	Low risk

	
	Bias in measurement of the outcome
	Low risk

	
	Bias in selection of the reported result
	Low risk

	
	Overall risk of bias
	Some concerns

	







Comments
	GRADE: Lack of Blinding: The mortality rate should not be affected by lack of blinding; Incomplete accounting of patients and outcome events: ; ROB2:Bias due to deviations from intended interventions: Protocol changed after the inclusion of 171 patients, by increasing PEEP levels in the higher group. No statistically significant mortality differences were reocgnized between the two periods. Only in the first 80 patients randomly assigned to the HIGHER-PEEP group, one or two RMs were done (35-40 cmH2O for 30 sec) in order to improve oxygenation The authors discontinued RMs for the small and transient increase in arterial oxygention.; Overall risk of bias: Some concerns.

	
Methodological and statistical quality
	
Statistical reporting (CONSORT)
	
Overall risk of bias
	
External validity issues

	
Low
	Partial but sufficient for quality assessment
	
GRADE: No; ROB2: Some concerns
	Potential selection bias in the initial phase when less severe patients were randomised




	SINGLE RCT QUALITY ASSESSMENT
	
Question: Can combining low tidal volume, RM and high PEEP improve the outcome?

	RCT 1
	Parallel
	Superiority
	III

	Meade
	JAMA
	2008
	Centers included

	Patients
	ARDS patients with P/F < 250
	30

	Treatment
	Open lung approach , plateau pressures less than 40 cm H2O
	

	Control
	ARDSnet
	
	

	Outcome
	Hospital mortality
	Outcome reported in the trial registration
	

	
	
	Outcome quality: Clinically important
	Undesirable effects

	
	Number of patients
	n (%)
	barotrauma %

	Treatment
	475
	173 (36.4)
	11.2

	Control
	508
	205 (40.4) [Expected rate: 45 %]
	9.3

	Total
	983
	378 (38.5)
	10.2 (p 0.326)

	delta -3.9 (95%-CI -10 to 2.1)
	NNTB 25 (95%-CI NNTB 10 to ∞ to NNTH 47)

	Expected delta: -9
	p for effect size 0.19 (calculated 0.204)
	Power for the observed delta: 0.24
	Power by design: 0.8

	Planned sample size: 980
	Sample size needed for observed delta: 4651
	

	Calculated sample size for predicted delta: 926
	
GRADE CRITERIA
	

	







Downgrade (GRADE AND ROB2)
	Lack of allocation concealment
	Maybe

	
	Lack of Blinding
	No

	
	Selective outcome reporting bias
	No

	
	Incomplete accounting of patients and outcome
events
	
No

	
	rly for benefit/using unvalidated outcome measures
	No

	
	Risk of bias of the single RCT
	No

	
	ROB2 CRITERIA
	

	
	Bias arising from the randomization process
	Low risk

	
	Bias due to deviations from intended interventions
	Low risk

	
	Bias due to missing outcome data
	Low risk

	
	Bias in measurement of the outcome
	Low risk

	
	Bias in selection of the reported result
	Low risk

	
	Overall risk of bias
	Low risk

	







Comments
	


GRADE: Lack of allocation concealment: Use of sealed envelopes; Lack of Blinding: Should not influence mortality; ROB2:Bias arising from the randomization process: Use of sealed envelopes; Overall risk of bias: Low risk.

	
Methodological and statistical quality
	
Statistical reporting (CONSORT)
	
GRADE and ROB2 criteria
	
External validity issues

	
High
	
Adequate
	
GRADE: No; ROB2: Low risk
	
No
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In patients with ARDS undergoing invasive mechanical ventilation, does routine PEEP titration based principally on respiratory mechanics compared to PEEP titration based principally on a standardized PEEP/FiO2 table reduce mortality?

Literature search
The experts of the domain selected four randomized controlled trials (Figure 1). PEEP titration was performed using oesophageal pressure measurements [1, 2], pulmonary compliance [3], or prolonged recruitment manoeuvres [4].

Clinical heterogeneity
Patients
The studies dealt with ARDS patients with similar degree of severity as shown in Table 1 and in the individual summary forms provided at the end of the document.

Interventions and controls
The two trials titrating PEEP using oesophageal pressure had slightly different procedures. In the 2008 study, the EPVent-1 trial, PEEP was set to generate an end- expiratory transpulmonary pressure of 0 to 10 cmH2O [2]. In the 2019 trial, the EPVent-
2 trial, instead, the range was between 0 and 6 cmH2O [1]. End-inspiratory transpulmonary pressure was never higher than 25 and 20 cmH20, respectively. Controls were also different between the two studies, with EPVent-1 [2] choosing lower PEEP values than EPVent-2 [1] (PEEP 11 cmH20 vs. 16 cmH20).
In the study by Cavalcanti and collaborators [4] mean PEEP on day 1 in the control group was 12 and while it was 16 in the intervention arm, where recruitment manoeuvres were also performed. In the study by Pintado and collaborators, where PEEP was set on the basis of lung compliance, this information was not reported [3]
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Selected outcomes (and corresponding Forest plots)
We considered mortality at 28 days because it was the outcome shared by the four studies, although it may not be the best choice for clinical conditions associated with prolonged ICU stays and relevant number of deaths after ICU discharge.
Ventilator-free days to day 28 were also considered, but evidence concerning this outcome was always downgraded one point because it can be influenced by lack of blinding.
We considered barotrauma as the safety outcome.

Individual quality of evidence and methodological heterogeneity
The two trials using oesophageal-pressure-titrated PEEP were exploratory in their purposes. The other two studies provided instead evidence individually for the respective interventions.
The EPVent-2 was a phase II trial [1], while the EPVent-1 was interrupted prematurely after reaching an oxygenation improvement target when only sixty patients had been randomized [2]. Our confidence in the findings of the latter was low because of the small number of patients randomized and the associated risk of “small trial bias” and the “winner curse”, i.e., finding an unlikely large protective effect in small trials that may be attributable to chance. The trial based on a compliance-guided protocol [3] raised the same reasons of concern, and was also downrated.

Mortality
The EPVent-2 trial [1] provided evidence that was rated of high quality with regard to mortality. Mortality was not significantly different between the two arms at 28-days (1.7, 95%-CI -11.1 to 14.6), at 60 days (−0.1, −13.6 to 13.3), and after one year (−1.8,
−15.8 to 12.1).
Our confidence in the evidence provided by EPVent-1 [2] was low because of some issues regarding randomization, the premature interruption for benefit, the small sample size, and external validity issues. The provision of a very strong, but unplausible,



protective effect with a 22% absolute mortality reduction in the intervention arm, suggests the presence of bias, especially because the trial was interrupted prematurely for benefit [5].
The trial investigating compliance-guided PEEP titration [3] was also seriously biased in our evaluation, because of the very high 18% mortality reduction in the intervention group after randomizing only 60 patients (small trial bias).
The trial by Cavalcanti and collaborators [4], raised some concerns because of the changes of the protocol that occurred after 55% of the patients had been randomized, because of safety issues. This intervention was aimed at reducing the risk of harm connected to the prolonged recruitment manoeuvres. Thus, our confidence in this study was moderate.
Individual assessment of risk of bias according to the RoB2 is reported in Table 2.

Ventilator-free days
Risk of bias for all trials was rated down one point for this outcome because of lack of blinding, according to the GRADE, from high to moderate. For the same reason, according to the RoB2, some concerns were raised regarding the randomization process. One study reported a statistically significant increase of 1.1 VFDs (p 0.03) [4], while the other studies did not show any significant difference between the study arms.
Individual assessment of risk of bias according to the RoB2 is reported in Table 3.

Barotrauma
The quality of the studies was rated as for mortality, since lack of blinding should not affect barotrauma. Among the two high-quality studies on which we based our primary analysis, one provided a 4% statistically significant increase in the incidence of barotrauma in the experimental arm [4]. The other study did not show any relevant differences.





Overall quality of evidence and statistical heterogeneity
Our primary analysis was based on trials with quality of evidence moderate to high, while the secondary analysis included all the studies. In case of inconsistency, the findings from our primary analysis were considered the main source of evidence.

Mortality
Our primary and secondary analyses were consistent and did not indicate any beneficial effect of the intervention in terms of mortality at day 28 (Figure 2). The relative risk was
1.12 (95%-CI 1.00 – 1.25, p value 0.058). This result was driven by the study by Cavalcanti and collaborators that included prolonged recruitment manoeuvres in the intervention protocol [4]. Overall evidence from the primary analysis was rated high according to the GRADE (Table 4) and raising only some concerns according to the RoB2 (Figure 6). Analysis of heterogeneity was inconclusive because of the high degree of imprecision of I2. The secondary analysis was consistent with the primary analysis.

Ventilator-free days
The three studies using medians and interquartile ranges to measure ventilator-free days [1-3] were meta-analysed and did not show any evidence in favour or against the intervention (Figure 3). Our primary analysis was based, however, on the only study with high-moderate quality [1]. The only study using the mean values reported a statistically significant one-day decrease in VFD (p value 0.03) [4], that was however inconsistent with the results of the other high-quality study [1]. Quality of evidence of our primary analysis, based on the two high-quality studies, was rated moderate after downgrading one point according to the GRADE tool, because absence of blinding can affect ventilator-free days (Table 2). The results of our primary analysis were inconclusive. The secondary analysis included all the studies and was consistent with the primary analysis. Evidence provided from the secondary analysis was considered of low quality.



Barotrauma
The primary meta-analysis based on two studies (Figure 4), provided high quality of evidence according to the GRADE and generated only some concerns according to the RoB2 method (Figure 7). The secondary analysis was consistent with the primary analysis.
Although the analysis of heterogeneity using the I2 was inconclusive with 90% -CI ranging 0 and 87%, the double-p plot based on a leave-one-out strategy including all the studies, highlighted the outlier position of the Cavalcanti and collaborators trial [4] in terms of impact on the heterogeneity and estimate p values that were both strikingly increased when the trial was removed from the analysis. The interaction test was also significant (p 0.04) when the Cavalcanti trial was compared with the others, but not when compared to the EPVent-2 trial in the context of high-quality study analysis (p 0.11).










MEDLINE (PubMed)
3295 studies
3275 excluded after title and abstract screening
1 full-text from other sources
21 total available for full-text
6 excluded after full-text screening: 5 not consistent with PICO criteria; 1 not RCT article [1 meta-analyses, 0 reviews, 0 other];
15 eligible RCTs


 PICO 1: 3 RCTs for High vs. low PEEP without RM (one in common with PICO 4)

PICO 3: 7 RCTs for Prolonged high pressure RM (one in common with PICO 2)
PICO 2: 4 RCTs for PEEP
titration based on ventilatory mechanics/imaging (one in

PICO 4: 3 RCTs for Brief high pressure RM (one in common with PICO 1)


Figure 1.Article selection diagram according to the PRISMA indications.





Figure 2. 28-day mortality; the primary analysis included only the two high-moderate quality studies, the
secondary analysis all the trials.






Figure 3. VFD for the three trials reporting the median values.






Figure 4. Barotrauma; the primary analysis included only the two high-moderate quality studies, the secondary
analysis all the trials. One trial was not meta-analysed because no events were reported.






Figure 5. Double-p plot for barotrauma. The study by Cavalcanti and collaborators [4], turns out to be a clear outlier.



ROB 2 overall risk of bias
Bias arising from the randomization process Bias due to deviations from intended interventions
Bias due to missing outcome data Bias in measurement of the outcome Bias in selection of the reported result
Overall risk of bias
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
Low risk	Some concerns	High risk


Figure 6. Overall risk of bias according to RoB2, outcome mortality and barotrauma.

ROB 2 overall risk of bias

Bias arising from the randomization process Bias due to deviations from intended interventions
Bias due to missing outcome data Bias in measurement of the outcome Bias in selection of the reported result
Overall risk of bias
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Figure 7. Overall risk of bias according to RoB2, outcome VFD.





	
	
Talmor - NEJM 2008
	
Beitler - JAMA 2019
	
Pintado - RC 2013
	
Cavalcanti - JAMA 2017

	
	
Experimental
	
Control
	
Experimental
	
Control
	
Experimental
	
Control
	
Experimental
	
Control

	N patients
	30
	31
	102
	98
	34
	36
	501
	509

	Age Mean
	54.5
	51.2
	58
	57.5
	55.6
	54.1
	51.3
	50.6

	(SD)
	(16.1)
	(23)
	(47-66)*
	(43-69)*
	(3.1)
	(2.9)
	(17.4)
	(17.4)

	Females
	11
	14
	38
	54
	14
	13
	188
	191

	n ( %)
	(36.7)
	(45.2)
	(37.3)
	(55.1)
	(41.2)
	(36.1)
	(37.5)
	(37.5)

	Inclusion P/F
	147
	145
	95
	90
	146.3
	133.1
	119.5
	117.2

	n ( %)
	(56)
	(57)
	(73-129)*
	(69-123)*
	(6.2)
	(5.9)
	(43.5)
	(41.9)

	Inclusion PEEP Mean
(SD)
	13
(5)
	13
(3)
	14 (10-18)*
	12.5 (10-16)*
	10 (8-12)*
	10 (8-14)*
	12.2
(3.0)
	12.7
(3.3)

	Inclusion TV
mL/kg Mean (SD)
	7.3
(1.3)
	7.9
(1.4)
	6.2 (5.9-6.7)*
	6.2 (5.8-7.1)*
	6.7
(1)
	
6.6 (0.9)
	5.8
(1.1)
	5.8
(1)

	Inclusion
Pplat Mean (SD)
	29
(7)
	29
(5)
	28 (24-32)*
	27 (25-30)*
	28
(1.2)
	32
(1.6)
	25.8
(4.7)
	
26.2 (5.2)

	PEEP day 1
	18.7
	11
	17
	16
	NA
	NA
	16.2
	12

	Mean (SD)
	(5.1)
	(NA)
	(6)
	(4)
	(NA)
	(NA)
	(4.6)
	(3.5)


Table 1.Patients characteristics across studies.*median (IQR).





	

RoB2
	
Bias arising from the randomization process
	
Bias due to deviations from intended interventions
	
Bias due to		Bias in		Bias in missing	measurement	selection of
outcome data	of the	the reported
outcome	result
	

Overall risk of bias

	Talmor NEJM-2008
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Table 2. RoB2 assessment of risk of bias of individual studies, outcome mortality and barotrauma.

	

RoB2
	
Bias arising from the randomization process
	
Bias due to deviations from intended interventions
	
Bias due to	Bias in	Bias in missing	measurement	selection of outcome data	of the	the reported
outcome	result
	

Overall risk of bias

	Talmor NEJM-2008
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	Beitler JAMA-2019
	
	
	

	Pintado RC-2013
	
	
	

	Cavalcanti JAMA-2017
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Table 3. RoB2 assessment of risk of bias of individual studies, outcome VFD.











	315/633
	293/638
	1.12

	(49.8)
	(45.9)
	[1.00 – 1.25]

	
34/603
	
13/607
	
2.20

	(5.6)
	(2.1)
	[0.74 – 6.56]


Table 4. Evidence quality rating according to the GRADE for overall findings of the primary meta-analyses.Overall quality assessment
Outcome
N. of	Treatment	Control RCTs	n (%)	n (%)
Relative Risk [95%-CI]
Quality
✚✚✚✚
High

✚✚✚✚
High
No	No	No	No	No
No	No	No	No	No
2
2
Barotrauma
28-day mortality
Risk of bias
Inconsistency
Indirectness
Imprecision
Publication bias







PubMed literature search
("PEEP"[Title/Abstract] OR "positive end-expiratory pressure"[Title/Abstract] OR "positive end-expiratory pressure"[Title/Abstract] OR "recruitment maneuvers"[Title/Abstract] OR "alveolar recruitment"[Title/Abstract] OR "open lung"[Title/Abstract]) AND ("hypoxemia"[Title/Abstract] OR "hypoxaemia"[Title/Abstract] OR "hypoxemic"[Title/Abstract] OR "hypoxaemic"[Title/Abstract] OR "hypoxic"[Title/Abstract] OR "hypoxia"[Title/Abstract] OR "acute respiratory distress syndrome"[Title/Abstract] OR "ARDS"[Title/Abstract] OR "adult respiratory distress syndrome"[Title/Abstract])
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	SINGLE RCT QUALITY ASSESSMENT
	Question: In patients with ARDS, does an esophageal-pressure-guided PEEP titration strategy, as compared to a PEEP titration guided principally by oxygenation , result in lower mortality at 28 days?

	RCT 1
	Parallel
	Superiority
	II

	Talmor
	0
	2008
	Centers included

	Patients
	ARDS with P/F < 300; mechanically ventilated
	1

	
Treatment
	Esophgeal-pressure-guided PEEP titration PEEP set for end-exp transpulm pressure (PL-exp) 0 to 10 Keep end-insp
transpulm pressure (PL-insp) < 25

	Control
	ARDSNet strategyLower PEEP table PEEP set for Pplat ≤ 30 TV = 6 ± 2 mL/kg PBW

	Outcome
	28-day mortality
	Outcome reported in the trial registration
	

	
	
	Outcome quality: Clinically important
	Undesirable effects

	
	Number of patients
	n (%)
	Barotrauma %

	Treatment
	30
	5 (16.7)
	0.0

	Control
	31
	12 (38.7) [Expected rate: NA]
	0.0

	Total
	61
	17 (27.9)
	#DIV/0!

	delta -22 (95%-CI -41.8 to 0.5)
	NNTB 5 (95%-CI NNTB 2 to ∞ to NNTH 186)

	Sample size calculation not based on this outcome
	p for effect size 0.055 (calculated 0.046)
	Power for the observed delta: 0.51
	Power by design: 0.8

	Planned sample size:
	Sample size needed for observed delta: not computable
	

	Calculated sample size for predicted delta: not computable
	
GRADE CRITERIA
	

	







Downgrade (GRADE AND ROB2)
	Lack of allocation concealment
	Maybe

	
	Lack of Blinding
	Maybe

	
	Selective outcome reporting bias
	No

	
	Incomplete accounting of patients and outcome
events
	
No

	
	rly for benefit/using unvalidated outcome measures
	Yes

	
	Risk of bias of the single RCT
	Very serious

	
	ROB2 CRITERIA
	

	
	Bias arising from the randomization process
	Some concerns

	
	Bias due to deviations from intended interventions
	Low risk

	
	Bias due to missing outcome data
	Low risk

	
	Bias in measurement of the outcome
	Low risk

	
	Bias in selection of the reported result
	Low risk

	
	Overall risk of bias
	Some concerns

	







Comments
	
GRADE: Lack of allocation concealment: Block randomization with size of blocks not specified and allocation process not detailed; Lack of Blinding: The primary ICU team was blinded on the results of esophageal pressure measurements for the first 72h; blinding of outcome assessors not reported; Stopping early for benefit/using unvalidated outcome measures: Trial stopped early for benefit on the primary outcome (PaO2/FiO2 ratio at 72h) after 61 patients were enrolled (30% of the planned sample size), according to a pre-specified stopping rule (interim analysis after 60 enrollments). Possible overestimation of effect with fewer than 200 events.; ROB2:Overall risk of bias: Some concerns.

	
Methodological and statistical quality
	
Statistical reporting (CONSORT)
	
Overall risk of bias
	
External validity issues

	
Low
	Partial but sufficient for quality assessment
	
GRADE: Very serious; ROB2: Some concerns
	Single centre trial from a large teaching hospital in Boston, MA, USA
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	SINGLE RCT QUALITY ASSESSMENT
	Question: In patients with moderate to severe ARDS, does an esophageal-pressure-guided PEEP titration strategy, as compared to a PEEP titration guided principally by oxygenation , result in lower 28-day mortality?

	RCT 2
	Parallel
	Superiority
	II

	Beitler
	JAMA
	2019
	Centers included

	Patients
	Moderate to severe ARDS; mechanically ventilated.
	14

	
Treatment
	Esophgeal-pressure-guided PEEP titration PEEP set for end-exp transpulm pressure (PL-exp) 0 to 6 Keep end-insp
transpulm pressure (PL-insp) < 20

	Control
	Empirical PEEP/FiO2 Higher PEEP table PEEP set for Pplat ≤ 35 TV = 6 ± 2 mL/kg PBW

	Outcome
	28-day mortality
	Outcome reported in the trial registration
	

	
	
	Outcome quality: Clinically important
	Undesirable effects

	
	Number of patients
	n (%)
	Barotrauma %

	Treatment
	102
	33 (32.4)
	5.9

	Control
	98
	30 (30.6) [Expected rate: NA]
	5.1

	Total
	200
	63 (31.5)
	5.5 (p 0.804)

	delta 1.7 (95%-CI -11 to 14.4)
	NNTH 57 (95%-CI NNTB 9 to ∞ to NNTH 7)

	Sample size calculation not based on this outcome
	p for effect size 0.88 (calculated 0.79)
	Power for the observed delta: 0.05
	Power by design: 0.85

	Planned sample size:
	Sample size needed for observed delta: not computable
	

	Calculated sample size for predicted delta: not computable
	
GRADE CRITERIA
	

	







Downgrade (GRADE AND ROB2)
	Lack of allocation concealment
	No

	
	Lack of Blinding
	Maybe

	
	Selective outcome reporting bias
	No

	
	Incomplete accounting of patients and outcome
events
	
No

	
	rly for benefit/using unvalidated outcome measures
	No

	
	Risk of bias of the single RCT
	No

	
	ROB2 CRITERIA
	

	
	Bias arising from the randomization process
	Low risk

	
	Bias due to deviations from intended interventions
	Low risk

	
	Bias due to missing outcome data
	Low risk

	
	Bias in measurement of the outcome
	Low risk

	
	Bias in selection of the reported result
	Low risk

	
	Overall risk of bias
	Low risk

	







Comments
	



GRADE: Lack of Blinding: Measurements of esophageal pressure were not disclosed to the treating team. ; ROB2:Overall risk of bias: Low risk.

	
Methodological and statistical quality
	
Statistical reporting (CONSORT)
	
Overall risk of bias
	
External validity issues

	
High
	
Adequate
	
GRADE: No; ROB2: Low risk
	14 hospitals in high-income countries (US and Canada)
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	SINGLE RCT QUALITY ASSESSMENT
	Question: In patients with ARDS, does an esophageal-pressure-guided PEEP titration strategy, as compared to a PEEP titration guided principally by oxygenation , result in higher ventilator-free days at 28 days?

	RCT 1
	Parallel
	Superiority
	II

	Talmor
	NEJM
	2008
	Centers included

	Patients
	ARDS with P/F < 300; mechanically ventilated
	1

	
Treatment
	Esophgeal-pressure-guided PEEP titration PEEP set for end-exp transpulm pressure (PL-exp) 0 to 10 Keep end-insp transpulm pressure (PL-insp) < 25

	Control
	ARDSNet strategyLower PEEP table PEEP set for Pplat ≤ 30 TV = 6 ± 2 mL/kg PBW

	
Outcome
	Ventilator-free days at 28 days
	
Outcome reported in the trial registration
	

	
	
	Outcome quality: Clinically important
	Undesirable effects

	
	Number of patients
	Median
	Barotrauma %

	Treatment
	30
	11.5
	0.0

	Control
	31
	7.0
	0.0

	Total
	61
	
	#DIV/0!

	delta 4.5
	

	Sample size calculation not based on this outcome
	reported p for effect size 0.5
	
	Power by design: 0.8

	Planned sample size:
	Sample size needed for observed delta: not computable
	

	Calculated sample size for predicted delta: not computable
	
GRADE CRITERIA
	

	







Downgrade (GRADE AND ROB2)
	Lack of allocation concealment
	Maybe

	
	Lack of Blinding
	Maybe

	
	Selective outcome reporting bias
	No

	
	Incomplete accounting of patients and outcome
events
	
No

	
	rly for benefit/using unvalidated outcome measures
	Yes

	
	Risk of bias of the single RCT
	Very serious

	
	ROB2 CRITERIA
	

	
	Bias arising from the randomization process
	Some concerns

	
	Bias due to deviations from intended interventions
	Low risk

	
	Bias due to missing outcome data
	Low risk

	
	Bias in measurement of the outcome
	Low risk

	
	Bias in selection of the reported result
	Low risk

	
	Overall risk of bias
	Some concerns

	







Comments
	GRADE: Lack of allocation concealment: Block randomization with size of blocks not specified and allocation process not detailed; Lack of Blinding: The primary ICU team was blinded on the results of esophageal pressure measurements for the first 72h; blinding of outcome assessors not reported; Stopping early for benefit/using unvalidated outcome measures: Trial stopped early for benefit on the primary outcome (PaO2/FiO2 ratio at 72h) after 61 patients were enrolled (30% of the planned sample size), according to a pre-specified stopping rule (interim analysis after 60 enrollments). Possible overestimation of effect with fewer than 200 events.; ROB2:Overall risk of bias: Some concerns.

	
Methodological and statistical quality
	
Statistical reporting (CONSORT)
	
Overall risk of bias
	
External validity issues

	
Low
	Partial but sufficient for quality assessment
	
GRADE: Very serious; ROB2: Some concerns
	Single centre trial from a large teaching hospital in Boston, MA, USA
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	SINGLE RCT QUALITY ASSESSMENT
	Question: In patients with moderate to severe ARDS, does an esophageal-pressure-guided PEEP titration strategy, as compared to a PEEP titration guided principally by oxygenation , result in higher ventilator-free days?

	RCT 2
	Parallel
	Superiority
	III

	Beitler
	JAMA
	2019
	Centers included

	Patients
	Moderate to severe ARDS; mechanically ventilated.
	14

	
Treatment
	Esophgeal-pressure-guided PEEP titration PEEP set for end-exp transpulm pressure (PL-exp) 0 to 6 Keep end-insp transpulm pressure (PL-insp) < 20

	Control
	Empirical PEEP/FiO2 Higher PEEP table PEEP set for Pplat ≤ 35 TV = 6 ± 2 mL/kg PBW

	
Outcome
	Ventilator-free days at 28 days
	
Outcome reported in the trial registration
	

	
	
	Outcome quality: Clinically important
	Undesirable effects

	
	Number of patients
	Median
	Barotrauma %

	Treatment
	102
	15.5
	5.9

	Control
	98
	17.5
	5.1

	Total
	200
	
	5.5 (p 0.804)

	delta -2
	

	Sample size calculation not based on this outcome
	reported p for effect size 0.93
	
	Power by design: 0.85

	Planned sample size:
	Sample size needed for observed delta: not computable
	

	Calculated sample size for predicted delta: not computable
	
GRADE CRITERIA
	

	







Downgrade (GRADE AND ROB2)
	Lack of allocation concealment
	No

	
	Lack of Blinding
	Maybe

	
	Selective outcome reporting bias
	No

	
	Incomplete accounting of patients and outcome
events
	
No

	
	rly for benefit/using unvalidated outcome measures
	No

	
	Risk of bias of the single RCT
	No

	
	ROB2 CRITERIA
	

	
	Bias arising from the randomization process
	Low risk

	
	Bias due to deviations from intended interventions
	Low risk

	
	Bias due to missing outcome data
	Low risk

	
	Bias in measurement of the outcome
	Low risk

	
	Bias in selection of the reported result
	Low risk

	
	Overall risk of bias
	Low risk

	







Comments
	


GRADE: Lack of Blinding: Measurements of esophageal pressure were not disclosed to the treating team. ; ROB2:Overall risk of bias: Low risk.

	
Methodological and statistical quality
	
Statistical reporting (CONSORT)
	
Overall risk of bias
	
External validity issues

	
High
	
Adequate
	
GRADE: No; ROB2: Low risk
	14 hospitals in high-income countries (US and Canada)
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	SINGLE RCT QUALITY ASSESSMENT
	
Question: Can LUS-guided PEEP improve oxygenation and outcomes?

	RCT 1
	Parallel
	Superiority
	III

	Salem
	EgJA
	2020
	Centers included

	Patients
	ARDS patients with P/F <300
	
	1

	Treatment
	LUS-guided PEEP
	
	

	Control
	FiO2-guided PEEP
	
	

	Outcome
	28-day mortality
	Unregistered trial
	

	
	
	Outcome quality: Clinically important
	Undesirable effects

	
	Number of patients
	n (%)
	barotrauna %

	Treatment
	30
	2 (6.7)
	0.0

	Control
	30
	9 (30) [Expected rate: NA]
	3.3

	Total
	60
	11 (18.3)
	1.7 (p 0.312)

	delta -23.3 (95%-CI -41.8 to -3.5)
	NNTB 4 (95%-CI NNTB 2 to NNTB 28)

	Sample size calculation not based on this outcome
	p for effect size 0.041 (calculated 0.014)
	Power for the observed delta: 0.69
	Power by design: Not reported

	Planned sample size:
	Sample size needed for observed delta: 76
	

	Calculated sample size for predicted delta: not computable
	
GRADE CRITERIA
	

	







Downgrade (GRADE AND ROB2)
	Lack of allocation concealment
	Not reported

	
	Lack of Blinding
	Yes

	
	Selective outcome reporting bias
	No

	
	Incomplete accounting of patients and outcome
events
	
No

	
	Stopping early for benefit/using unvalidated
outcome measures
	
No

	
	Risk of bias of the single RCT
	Serious

	
	ROB2 CRITERIA
	

	
	Bias arising from the randomization process
	Some concerns

	
	Bias due to deviations from intended interventions
	Low risk

	
	Bias due to missing outcome data
	Low risk

	
	Bias in measurement of the outcome
	Low risk

	
	Bias in selection of the reported result
	Low risk

	
	Overall risk of bias
	Some concerns

	







Comments
	

GRADE: Lack of Blinding: Mortality rate should not be affected by lack of blinding; Methodological and statistical quality: Small sample size and irsk of unbalances in important prognostic factors, unclear the randomization procedure, no reporting of allocation concealment procedures; ROB2:Bias arising from the randomization process: Close envelopes; Overall risk of bias: Some concerns.

	
Methodological and statistical quality
	
Statistical reporting (CONSORT)
	
Overall risk of bias
	
External validity issues

	Low
	Partial but sufficient for
quality assessment
	GRADE: Serious; ROB2: Some concerns
	







[image: ]US or compliance guided PEEP titration - 28-day mortality	7/2/2022

	SINGLE RCT QUALITY ASSESSMENT
	
Question: Can compliance-guided PEEP titration improve outcome ?

	RCT 2
	Parallel
	Superiority
	III

	Pintado
	RC
	2013
	Centers included

	Patients
	ARDS patients with P/F <200
	
	1

	Treatment
	Compliance-guided PEEP
	
	

	Control
	FiO2-guided PEEP
	
	

	Outcome
	28-day mortality
	Outcome reported in the trial registration
	

	
	
	Outcome quality: Clinically important
	Undesirable effects

	
	Number of patients
	n (%)
	Barotrauma %

	Treatment
	34
	7 (20.6)
	17.6

	Control
	36
	14 (38.9) [Expected rate: NA]
	16.7

	Total
	70
	21 (30)
	17.1 (p 0.92)

	delta -18.3 (95%-CI -37.5 to 3.2)
	NNTB 5 (95%-CI NNTB 3 to ∞ to NNTH 31)

	Expected delta:
	p for effect size 0.12 (calculated 0.086)
	Power for the observed delta: 0.4
	Power by design: Not reported

	Planned sample size:
	Sample size needed for observed delta: 182
	

	Calculated sample size for predicted delta: not computable
	
GRADE CRITERIA
	

	







Downgrade (GRADE AND ROB2)
	Lack of allocation concealment
	Maybe

	
	Lack of Blinding
	0

	
	Selective outcome reporting bias
	No

	
	Incomplete accounting of patients and outcome
events
	
No

	
	Stopping early for benefit/using unvalidated
outcome measures
	
No

	
	Risk of bias of the single RCT
	Serious

	
	ROB2 CRITERIA
	

	
	Bias arising from the randomization process
	Some concerns

	
	Bias due to deviations from intended interventions
	0

	
	Bias due to missing outcome data
	0

	
	Bias in measurement of the outcome
	0

	
	Bias in selection of the reported result
	0

	
	Overall risk of bias
	Some concerns

	







Comments
	GRADE: Lack of allocation concealment: Sealed envelopes were used; Lack of Blinding: Mortality rate should not be affected by lack of blinding; Methodological and statistical quality: Small sample size with risk of unbalances in important prognostic factors, unclear the randomization process, no reporting of allocation concealment procedures; ROB2:Bias arising from the randomization process: Randomization was performed in blocks of 10, using sealed envelopes.
Furthermore, the study includes only 44% of subjects who met inclusion criteria.; Overall risk of bias: Some concerns.

	
Methodological and statistical quality
	
Statistical reporting (CONSORT)
	
Overall risk of bias
	
External validity issues

	Low
	Partial but sufficient for
quality assessment
	GRADE: Serious; ROB2: Some concerns
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In patients with ARDS undergoing invasive mechanical ventilation, does use of prolonged high-pressure recruitment maneuvers (RMs), compared to not using prolonged high- pressure RMs, reduce mortality?



Literature search
We retrieved seven randomized controlled trials from the literature [1-7] (Figure 1). One was discarded because enrolling only patients with ARDS and severe burn injury, with less than 5% dying from severe hypoxemia [6].

Clinical heterogeneity
Patients
The severity of ARDS, in terms of PaO2/FiO2 ratios, was similar across different studies (Table 1). All the studies dealt with moderate to severe ARDS with the mean PaO2/FiO2 ratios ranging between 111 and 155 mmHg. There was some heterogeneity in terms of mean age and gender representation across the studies, that, in our evaluation, may have determined some quantitative, but not qualitative, differences in the responses to the intervention.

Interventions and controls
All the studies investigated PEEP titration preceded by prolonged recruitment manoeuvres (RMs). Some heterogeneity in the interventions can be noted in Table 1, concerning the maximal pressure reached during the RMs, their duration, the number of steps to reach the target pressure, the number of daily RMs, the number of days the intervention was applied, the method for PEEP titration, and the use of RMs after the PEEP was titrated. This clinical heterogeneity raised some concerns on the opportunity of combining all the studies in a meta-analysis.
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In the control group the treatment was homogeneous across studies, that used the ARDSnet PEEP table as a guidance [8].
All the study protocols adopted either protective ventilatory approaches or provided at the most a tidal volume of 8 mL/Kg of Predicted Body Weight.

Selected outcomes (and corresponding Forest plots)
We considered mortality as our primary outcome. Since hospital mortality is measured when the acute phase of the disease is over, it was preferred to both ICU and 28-day mortality. Hospital mortality was reported by five trials [1-3, 5, 7], as well as ICU mortality [1, 2, 4, 5, 7], while 28-day mortality was reported by four [2, 4, 5, 7]. However, we reported also the ICU and 28-day mortality meta-analyses in Figures 9 and 10, respectively.
Ventilator-free days (VFDs) at day 28 were reported by three studies [2, 5, 7]. Barotrauma and cardiocirculatory complications related to RMs were accounted for as unwanted effects.

Individual quality of evidence and methodological heterogeneity
Only the largest study, the ART trial, provided high quality evidence [7] according to the risk of bias assessed with the GRADE and the ROB2 methods. However, our confidence in the findings of this trial was reduced because the recruitment manoeuvre protocol was changed for safety issues after more than 50% of the patients were already randomized. The other trials were biased in several ways and in general of low methodological quality (see Table 2 and individual studies reports at the end of this document). Only the 2011 trial by Hodgson and coworkers [3] did not have serious bias issues according to the GRADE and the ROB2 methods. However, it was clearly a phase II study, exploratory in its nature, with a very small sample size and the consequent related limitations. Our confidence in evidence provided by this study was very low.
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Our primary analysis included, thus, only the ART trial [7] for all the outcomes and as secondary analysis we considered meta-analyses.

Overall quality of evidence and statistical heterogeneity
Our first approach was to investigate the ART trial [7] independently, as the source of the highest degree of evidence.
This trial accounted for most of the evidence (more than 90%) when weighted in the meta-analyses investigating hospital mortality (Figure 2 and 3). Thus, our approach, although more appropriate, not surprisingly, did not provide results much different from the meta-analytical combination.

Mortality
Our primary analysis was based on the ART trial [7]. Evidence was rated high according to the overall GRADE and ROB2 evaluation. Hospital and ICU mortality measured as rates and relative risks did not show any statistically significant difference. However, mortality at six months measured as hazard ratios in a survival analysis, after 23 patients were censored showed instead worst survivals (HR 1.18, 95%-CI 1.01 to 1.38, p value 0.04). A similar analysis carried out using 28-day mortality provided similar HR (1.20, 95%-CI 1.01 to 1.42, p value 0.041). However, repeating the analysis using relative risks the result was statistically not significant (RR 1.12, 95%-CI 1.00-1.26, p value 0.058). For this reason our confidence in this trial was reduced, and evidence was downgraded to moderate. The meta-analytical evidence provided by the combination of the studies was rated low for hospital mortality given the high risk of bias of most of the studies (Table 3).
Statistical heterogeneity estimate was low, but its imprecision was high and high degrees of imprecision could not be ruled out (Figure 2). The analysis was substantially inconclusive. The double P plot did not show relevant outlier positions (Figure 3) and, consistently, the interaction test was negative (Figure 2).
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However, our primary analysis based on the ART trial suggested an increased risk of death at six months due to the intervention (moderate level of evidence against).


Ventilator-free days
Of the three trials reporting ventilator-free days at 28 days, two used median values [2, 5] while one reported the mean values [7], and thus could not be meta-analysed together. The ART trial that provided the highest quality of evidence showed a statistically significant mean decrease of 1.1 days of VFDs in favour of controls (Figure 7). The other two trials [2, 5] were meta-analysed and showed an opposite trend (a median increase of 4.7 days in the intervention group, 95%-CI -0.6, 10, p = 0.079, Figure
6). The ART trial [7] provided moderate evidence against the intervention after downgrading for absence of blinding that may have influenced the duration of ventilation. The meta-analysis with the two other studies was also rated down for imprecision, and evidence was considered very low not in favour of the intervention.

Barotrauma
There was a statistically significant increase of events in the intervention group in the ART trial [7]. This study deserved a separate evaluation for methodological heterogeneity (superior quality of the study compared to the others) as mentioned above. Moreover, statistical heterogeneity issues were detected in the meta-analysis not only by the standard I2 analysis (that however could not rule out low heterogeneity with the low confidence interval boundary equal to 9%), but also by the double plot analysis, supported by a positive interaction test (Figure 4 and 5).
Evidence was thus against the intervention because of safety issues when the study was taken individually. The quality of evidence was rated high according to the GRADE, since the concerns mentioned above when dealing with the mortality outcome, did not apply to barotrauma.
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When the meta-analysis was considered, evidence was rated moderate not against the intervention, given the absence of evidence of harm (Table 3 and Figure 4). This source of evidence was, however, lower, and the primary analysis prevailed.

Cardio-circulatory complications
Only two studies reported hypotension following RMs within the first hour [2, 7] and were meta-analysed (Figure 8). Hypotensive events were significantly higher in the intervention group, providing strong evidence against in terms of safety (either considering the larger study alone on within the meta-analytical combination, since it had 97.6% of the weight).
In one trial [2] new cardiac arrhythmias (from day 1 to 28) also turned out to be more frequent with a 17.3% increase (95%-CI 2.2 to 31.6, p = 0.03).
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MEDLINE (PubMed)
3295 studies
3275 excluded after title and abstract screening
1 full-text from other sources
21 total available for full-text
6 excluded after full-text screening: 5 not consistent with PICO criteria; 1 not RCT article [1 meta-analyses, 0 reviews, 0 other];
15 eligible RCTs


 PICO 1: 3 RCTs for High vs. low PEEP without RM (one in common with PICO 4)

PICO 3: 7 RCTs for Prolonged high pressure RM (one in common with PICO 2)
PICO 2: 4 RCTs for PEEP
titration based on ventilatory mechanics/imaging (one in

PICO 4: 3 RCTs for Brief high pressure RM (one in common with PICO 1)







Figure 1Article selection diagram according to the PRISMA indications.
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Figure 2. Hospital mortality, PEEP titration with a prolonged high-pressure recruitment manoeuvre (RM) vs. standard care.
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Figure 3. Hospital mortality, PEEP titration with a prolonged high-pressure recruitment manoeuvre (RM), double P plot to investigate statistical heterogeneity.
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Figure 4. Barotrauma, PEEP titration with a prolonged high-pressure recruitment manoeuvre (RM) vs. standard care.
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Figure 5. Barotrauma, PEEP titration with a prolonged high-pressure recruitment manoeuvre (RM), double P plot to investigate statistical heterogeneity.
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Figure 6. Median ventilator-free days at day 28, PEEP titration with a prolonged high-pressure recruitment manoeuvre (RM) vs. standard care.
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Figure 7. Mean ventilator-free days at day 28, PEEP titration with a prolonged high-pressure recruitment manoeuvre (RM) vs. standard care.
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Figure 8. Hypotension within the first hour from RM in the first day of the trial, PEEP titration with a
prolonged high-pressure recruitment manoeuvre (RM) vs. standard care.
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Figure 9. ICU mortality, PEEP titration with a prolonged high-pressure recruitment manoeuvre (RM) vs. standard care.
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Figure 10. 28-day mortality, PEEP titration with a prolonged high-pressure recruitment manoeuvre (RM) vs. standard care.
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Experimental
	
Control
	

Experimental
	
Control
	
Experimental
	

Control
	
Experimental
	

Control
	

Experimental
	

Control
	

Experimental
	

Control

	Number of patients
	57
	56
	501
	509
	60
	60
	30
	27
	12
	12
	10
	10

	Age, Mean (SD)
	54.2 (14)
	53.2 (14.4)
	51.3 (17.4)
	50.6 (17.4)
	66.8 (16.1)
	63.7 (20.8)
	55 (3.7)
	62 (2.2)
	67 (8.5)
	66.7 (8.7)
	60 (5)
	58 (4)

	Females, n ( %)
	22 (38.6)
	26 (46.4)
	188 (37.5)
	191 (37.5)
	15 (25)
	16 (26.7)
	12 (40)
	10 (37)
	4 (33.3)
	4 (33.3)
	3 (30)
	4 (40)

	Protocol violations, n ( %)
	23 (40.4)
	12 (21.4)
	21 (4.2)
	28 (5.5)
	NA (NA)
	NA (NA)
	NA (NA)
	NA (NA)
	NA (NA)
	NA (NA)
	0 (0)
	2 (20)

	Missing outcomes, n ( %)
	0 (0)
	0 (0)
	0 (0)
	0 (0)
	0 (0)
	2 (3.3)
	1 (3.3)
	4 (14.8)
	0 (0)
	0 (0)
	0 (0)
	0 (0)

	Inclusion P/F, Mean (SD)
	127.7 (34.3)
	129.6 (38)
	119.5 (43.5)
	117.2 (41.9)
	133.4 (47)
	129.7 (42)
	115 (8.5)
	110.8 (6.3)
	136 (43)
	131 (47)
	155 (8)
	149 (12)

	Inclusion PEEP, Mean (SD)
	13.7 (2.9)
	12.7 (3.3)
	12.2 (3.0)
	12.7 (3.3)
	NA (NA)
	NA (NA)
	8.4 (3.1)
	7 (3.7)
	13.8 (2.2)
	13.5 (1.7)
	11.8 (0.7)
	14.2 (1.2)

	Inclusion TV ml/kg, Mean (SD)
	6.9 (1.7)
	7.2 (1.8)
	5.8 (1.1)
	5.8 (1)
	8.7 (2.1)
	8.4 (1.8)
	7.9 (1.9)
	8 (1.4)
	5.7 (0.5)
	5.8 (0.4)
	NA (NA)
	NA (NA)

	PEEP on day 1, Mean (SD)
	16.1 (3.6)
	11.3 (4)
	16.2(4.6)
	12 (3.5)
	13 (3)
	12 (3)
	NA (NA)
	NA (NA)
	NA (NA)
	NA (NA)
	15 (1)
	10 (0.5)

	Centres included
	35
	120
	4
	1
	3
	1

	N pts/centre/year
	1
	2
	10
	26
	2
	11

	



Maximum PEEP/time for Recruitment manoeuvres
	

20 cmH2O for 2 minutes
30 cmH2O for 2 minutes
40 cmH2O for 2 minutes
	First protocol:
25 cmH2O for 1 minute
35 cmH2O for 1 minute
45 cmH2O for 2 minutes Second protocol:
25 cmH2O for 1 minute
30 cmH2O for 1 minute
35 cmH2O for 1 minute
	
20 cmH2O for 3 breaths
23 cmH2O for 3 breaths
26 cmH2O for 3 breaths
29 cmH2O for 3 breaths
32 cmH2O for 3 breaths
35 cmH2O for 2 minutes
	
2 Cycles of:

15 cmH2O for 30 seconds
20 cmH2O for 30 seconds
25 cmH2O for 30 seconds
	
10 cmH2O for 40 seconds
15 cmH2O for 40 seconds
20 cmH2O for 40 seconds
25 cmH2O for 40 seconds
30 cmH2O for 40 seconds
35 cmH2O for 40 seconds
40 cmH2O for 40 seconds
	
20 cmH2O for 2 minutes
30 cmH2O for 2 minutes
40 cmH2O for 2 minutes

	
	In PCV
(DP 15±3 cmH2O + PEEP)
	In PCV
(DP 15 cmH2O + PEEP)
	In PCV
(DP 15 cmH2O + PEEP)
	In VCV
(max Ppeak 55 cmH2O)
	In PCV
(DP 15 cmH2O + PEEP)
	In PCV
(DP 15 cmH2O + PEEP)

	
	
SpO2.
	
Best static compliance (Crs)
	
Dynamic compliance (Cdyn)
	
SpO2.
	
	
SpO2.

	

Method of PEEP titration
after RM
	Decremental PEEP titration from 25 cmH2O in 2.5 cmH2O steps for 3 minutes until the SpO2 decreased by ≥2%, or to minimum
PEEP of 15 cmH2O.
	Decremental PEEP titration from 23 cmH2O in 3 cmH2O steps for 4 minutes (first protocol) or 3 minutes (second protocol) to minimum PEEP of 11 cmH2O.
	Decremental PEEP titration from 25 cmH2O in 1 cmH2O steps every 3 breaths
until maximum Cdyn identified.
	Decremental PEEP titration from 20 cmH2O in 1 cmH2O steps for 30 seconds until the SpO2 decreased by 2%
	Decremental PEEP titration from 25 cmH2O
in 5 cmH2O steps for 5 minutes until 10 cmH2O (end-manoeuvre PEEP).
	Decremental PEEP titration from 25 cmH2O in 2.5 cmH2O steps for 3 minutes until the SpO2 decreased by ≥1%, to minimum PEEP of 15 cmH2O.

	
	PEEP set to 2.5 cmH2O above the de-recruitment PEEP.
	Crs measured at each step.
PEEP set at 2 cmH2O above PEEP with highest Crs.
	PEEP set to 2 cmH2O above the de-recruitment PEEP.
	PEEP set to 2 cmH2O above the de-recruitment PEEP.
	
	PEEP set to 2.5 cmH2O above the de-recruitment PEEP

	Minimum PEEP after decremental titration
	15
	11
	-
	-
	10
	15

	
	Yes.
Additional 2-minute RM using
	Yes.
First protocol:
	Yes.
Additional 2-minute RM
	No.
	No.
	Yes.
Additional 1-minute RM with

	Additional RM after PEEP titration
	the maximum tolerated PEEP for the initial RM.
	Additional 2-minute RM with PEEP 45 cmH2O.
Second protocol:
	with PEEP 35 cmH2O.
	
	
	PEEP 40 cmH2O.

	
	
	Additional 1-minute RM with
	
	
	
	

	
	
	PEEP 35 cmH2O.
	
	
	
	

	
Number of recruitment
maneuvers
	Daily,
for up to the first 5 days.

Additional RMs in case of hypoxemia
	Daily,
for up the first 5 days.

Brief additional RMs
performed throughout the day in case of hypoxemia.
	Every 8 hours
until FiO2 ≤0.4 + PEEP ≤10 for ≥ 8 hours.
Additionally
after every ventilator disconnection.
	Daily, once a day for 7 days.
Additionally if ventilator disconnection
or increasing FiO2 .
	Once at enrolment.
	Daily, once a day, Until ready for weaning.


Table 1. Main patients characteristics in the included trials. Cdyn, dynamic compliance of the respiratory system. Crs, static compliance of the respiratory system. DP, delta pressure above positive end-expiratory pressure. P/F, PaO2/FiO2 ratio. PCV, Pressure Control Ventilation. PEEP, positive end-expiratory pressure. RM, recruitment manoeuvre. TV, tidal volume. VCV, Volume Control Ventilation.
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	Bias arising from	Bias due to	Bias due to		Bias in	Bias in rand the tion deviations from		missing	measurement selection of
omiza	intended	outcome data	of the	the reported
process	interventions	outcome	result
	
Overall risk of bias

	Hodgson AJRCCM-2019 Cavalcanti JAMA-2017 Kung J.Clin.Med.-2019 Hodgson CC-2011
Chung Med-2017
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Table 2. ROB2 evidence grading for individual trials and overall. Only trials reporting hospital mortality are shown.sk of bias
onsistency
directness
precision
ication bias







	
	N. of
	Treatment n
	Control n
	Relative Risk
	
Ri
	
Inc


In


Im


Publ
	

	Outcome
	RCTs
	(%)
	(%)
	[95%-CI]
	
	
	Quality

	Hospital mortality
	1
	319/501 (63.7)
	301/509 (59.1)
	1.08
[0.98, 1.19]
	Serious
	No	No	No	No
	✚✚✚☐
Moderate

	Hospital mortality
	5
	364/640 (56.9)
	351/647 (54.3)
	1.06
[0.96, 1.16]
	Very serious
	No	No	No	No
	✚✚☐☐
Low

	
Barotrauma
	1
	28/501 (5.6)
	8/509 (1.6)
	3.56
[1.64, 7.73]
	No
	No	No	No	No
	✚✚✚✚
High

	
Barotrauma
	5
	36/658 (5.5)
	21/662 (3.2)
	1.08
[0.37, 3.14]
	Very serious
	No	No	No	No
	✚✚☐☐
Low

	
VFD at 28 days
	1
	501
	509
	-1.1
[-0.1, -2.1] °
	Serious
	No	No	No	No
	✚✚✚☐
Moderate

	
VFD at 28 days
	2
	117
	116
	4,7
[-0.6, 10] *
	Very Serious
	No	No	Serious	No
	✚☐☐☐
Very low


Table 3. GRADE rating of overall evidence for hospital mortality, barotrauma, and ventilator-free days. *Median [IQR],Overall quality assessment

°Mean [95%-Confidence Interval].
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PubMed literature search
("PEEP"[Title/Abstract] OR "positive end-expiratory pressure"[Title/Abstract] OR "positive end-expiratory pressure"[Title/Abstract] OR "recruitment maneuvers"[Title/Abstract] OR "alveolar recruitment"[Title/Abstract] OR "open lung"[Title/Abstract]) AND ("hypoxemia"[Title/Abstract] OR "hypoxaemia"[Title/Abstract] OR "hypoxemic"[Title/Abstract] OR "hypoxaemic"[Title/Abstract] OR "hypoxic"[Title/Abstract] OR "hypoxia"[Title/Abstract] OR "acute respiratory distress syndrome"[Title/Abstract] OR "ARDS"[Title/Abstract] OR "adult respiratory distress syndrome"[Title/Abstract])
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	SINGLE RCT QUALITY ASSESSMENT
	Question: Does a maximal lung recruitment manoeuvres associated with PEEP titration according to best SpO2 reduce mortality in patients with P/F < 200?

	RCT 1
	Parallel
	Superiority
	III

	Hodgson
	AJRCCM
	2019
	Centers included

	
Patients
	Moderate to severe ARDS of less than 72 hours of duration; mechanically
ventilated
	
35

	

Treatment
	Maximum alveolar recruitment maneuver + decremental PEEP titration adjusted to SpO2 Daily maximal RMs
with PEEP titration for up to the first 5 days Brief RM could be performed throughout the day in case of hypoxemia

	Control
	ARDSNet strategyLower PEEP table Recruitment maneuvers not permitted
	

	Outcome
	Hospital mortality
	Outcome reported in the trial registration
	

	
	
	Outcome quality: Clinically important
	Undesirable effects

	
	Number of patients
	n (%)
	Barotrauma %

	Treatment
	57
	14 (24.6)
	5.3

	Control
	56
	17 (30.4) [Expected rate: NA]
	10.7

	Total
	113
	31 (27.4)
	8 (p 0.288)

	delta -5.8 (95%-CI -21.8 to 10.5)
	NNTB 17 (95%-CI NNTB 5 to ∞ to NNTH 9)

	Expected delta not reported
	p for effect size 0.79 (calculated 0.49)
	Power for the observed delta: 0.1
	Power by design: Not reported

	No sample size calculation
	Sample size needed for observed delta: 1799
	

	Calculated sample size for predicted delta: not computable
	
GRADE CRITERIA
	

	







Downgrade (GRADE AND ROB2)
	Lack of allocation concealment
	No

	
	Lack of Blinding
	Yes

	
	Selective outcome reporting bias
	No

	
	Incomplete accounting of patients and outcome
events
	
No

	
	Stopping early for benefit/using unvalidated
outcome measures
	
No

	
	Risk of bias of the single RCT
	No

	
	ROB2 CRITERIA
	

	
	Bias arising from the randomization process
	Low risk

	
	Bias due to deviations from intended interventions
	High risk

	
	Bias due to missing outcome data
	Low risk

	
	Bias in measurement of the outcome
	Low risk

	
	Bias in selection of the reported result
	Low risk

	
	Overall risk of bias
	High risk

	







Comments
	



GRADE: Lack of Blinding: Absence of blinding should not affect measurement of 28- day mortality; ROB2:Bias due to deviations from intended interventions: In 23 cases in the intervention group, the COLP intervention (including a maximal recruitment maneuver and PEEP titration) was not attempted due to cardiovascular instability (n=8), detection of pneumothorax after randomization (n=2), or other clinical decision (n=13). In the control group, 12/56 (21%) patients received a non- protocolized RM within 5 days; 7/56 (12,5%) required prone position as rescue; 16/56 (28,6%) required iNO; 7/56 (12.5%) required ECMO; Overall risk of bias: High risk.

	
Methodological and statistical quality
	
Statistical reporting (CONSORT)
	
Overall risk of bias
	
External validity issues

	High
	Adequate
	GRADE: No; ROB2: High risk
	Few patients selected per year
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	SINGLE RCT QUALITY ASSESSMENT
	Question: Does a maximal lung recruitment manoeuvres associated with PEEP titration according to the best Crs decrease mortality of patients with ARDS?

	RCT 2
	Parallel
	Superiority
	III

	Cavalcanti
	JAMA
	2017
	Centers included

	
Patients
	Moderate to severe ARDS of less than 72 hours of duration; mechanically
ventilated
	
120

	

Treatment
	Maximum alveolar recruitment maneuver + PEEP titration adjusted to Crs Recruitment maneuver at randomization with possible repetition every 24 h

	Control
	ARDSNet strategy.Lower PEEP table No recruitment maneuver
	

	Outcome
	Hospital mortality
	Outcome reported in the trial registration
	

	
	
	Outcome quality: Clinically important
	Undesirable effects

	
	Number of patients
	n (%)
	Barotrauma %

	Treatment
	501
	319 (63.7)
	5.6

	Control
	509
	301 (59.1) [Expected rate: NA]
	1.6

	Total
	1010
	620 (61.4)
	3.6 (p < 0.0001)

	delta 4.5 (95%-CI -1.5 to 10.5)
	NNTH 22 (95%-CI NNTB 68 to ∞ to NNTH 10)

	Expected delta:
	p for effect size 0.13 (calculated 0.138)
	Power for the observed delta: 0.32
	Power by design: 0.9

	Planned sample size:
	Sample size needed for observed delta: 3759
	

	Calculated sample size for predicted delta: not computable
	
GRADE CRITERIA
	

	







Downgrade (GRADE AND ROB2)
	Lack of allocation concealment
	No

	
	Lack of Blinding
	Yes

	
	Selective outcome reporting bias
	No

	
	Incomplete accounting of patients and outcome
events
	
No

	
	Stopping early for benefit/using unvalidated
outcome measures
	
No

	
	Risk of bias of the single RCT
	No

	
	ROB2 CRITERIA
	

	
	Bias arising from the randomization process
	Low risk

	
	Bias due to deviations from intended interventions
	Some concerns

	
	Bias due to missing outcome data
	Low risk

	
	Bias in measurement of the outcome
	Low risk

	
	Bias in selection of the reported result
	Low risk

	
	Overall risk of bias
	Some concerns

	







Comments
	
GRADE: Lack of Blinding: The mortality rate should not be affected by lack of blinding; ROB2:Bias due to deviations from intended interventions: The recruitment maneuver applied was changed for safety concerns after 556 patients (55%) were enrolled due to the occurrence of 3 cardiac arrests. After the protocol was changed, the maximum PEEP for the recruitment maneuver was lowered from 45 (for 2 minutes) to 35 cmH2O (for 1 minute). Only 200 patients (39.9%) completed the recruitment maneuver to 45 cmH2O of PEEP and 202 patients (40.3%) completed the maneuver to 35 cmH2O of PEEP. 21 patients in the intervention group did not receive lung recruitment and titrated PEEP because of hypotension (14), pneumothorax (3) or other reasons (4). After the initial RM and PEEP titration, alveolar recruitment was not repeated from day 1 to 7 in most patients (62.7%). 28 patients in the control group received a recruitment maneuver within the first 7 days, albeit not allowed by the protocol. Prone positioning was allowed at the discretion of the medical team in both groups for refractory hypoxemia; Overall risk of bias: Some concerns.

	
Methodological and statistical quality
	
Statistical reporting (CONSORT)
	
Overall risk of bias
	
External validity issues

	High
	Adequate
	GRADE: No; ROB2: Some concerns
	Few patients per center, risk of selection bias
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	SINGLE RCT QUALITY ASSESSMENT
	Question: In mechanically ventilated ARDS patients with a PaO2/FiO2 < 250, does a recruitment maneuver reduce mortality?

	RCT 3
	Parallel
	Superiority
	III

	Kung
	J.Clin.Med.
	2019
	Centers included

	
Patients
	ARDS with PaO2/FiO2 <250; mechanically ventilated for <72h
	
4

	

Treatment
	Staircase recruitment maneuvers + decremental PEEP titration adjusted to Cdyn RMs every 8 hours until FiO2 <=
0.4 and PEEP <= 10 cmH2O for >= 8 hours Additional RMs after each disconnection.

	Control
	ARDSNet strategyLower PEEP table
	

	Outcome
	Hospital mortality
	Outcome reported in the trial registration
	

	
	
	Outcome quality: Clinically important
	Undesirable effects

	
	Number of patients
	n (%)
	Barotrauma %

	Treatment
	60
	21 (35)
	3.3

	Control
	60
	23 (38.3) [Expected rate: NA]
	6.7

	Total
	120
	44 (36.7)
	5 (p 0.392)

	delta -3.3 (95%-CI -20 to 13.6)
	NNTB 30 (95%-CI NNTB 5 to ∞ to NNTH 7)

	Sample size calculation not based on this outcome
	p for effect size 0.71 (calculated 0.704)
	Power for the observed delta: 0.06
	Power by design: Not reported

	Planned sample size:
	Sample size needed for observed delta: 6361
	

	Calculated sample size for predicted delta: not computable
	
GRADE CRITERIA
	

	







Downgrade (GRADE AND ROB2)
	Lack of allocation concealment
	Not reported

	
	Lack of Blinding
	Yes

	
	Selective outcome reporting bias
	Yes

	
	Incomplete accounting of patients and outcome
events
	
No

	
	Stopping early for benefit/using unvalidated
outcome measures
	
Not reported

	
	Risk of bias of the single RCT
	Very serious

	
	ROB2 CRITERIA
	

	
	Bias arising from the randomization process
	High risk

	
	Bias due to deviations from intended interventions
	Low risk

	
	Bias due to missing outcome data
	Some concerns

	
	Bias in measurement of the outcome
	Low risk

	
	Bias in selection of the reported result
	Some concerns

	
	Overall risk of bias
	High risk

	







Comments
	GRADE: Lack of allocation concealment: No information of allocation concealment was provided; Lack of Blinding: Absence of blinding should not affect mortality; Selective outcome reporting bias: Some discrepancies between primary and secondary outcomes reported in RCT registration and the manuscript, as well as between the methods and results sections in the manuscript; Methodological and statistical quality: Multiple primary outcomes cited in the manuscript with discrepancies from RCT registration; sample size calculated after evidence of benefit on a secondary outcome (according to RCT registration). Poor reporting of the sample size calculation, which was performed a posteriori after after 40 patients were enrolled in the RCT (30%) and the "beneficial effects of the intervention ventilator-free days (indicated as a secondary outcome in RCT registration) became evident"; the trial was then conducted until completion of the planned sample size based on this calculation (120 patients); ROB2:Bias arising from the randomization process: No information about allocation concealment was provided; Bias due to missing outcome data: Some discrepancies between primary and secondary outcomes reported in RCT registration and the manuscript, as well as between the methods and results sections in the manuscript; Overall risk of bias:
High risk.

	
Methodological and statistical quality
	
Statistical reporting (CONSORT)
	
GRADE and ROB2 criteria
	
External validity issues

	Low
	Partial but sufficient for quality assessment
	GRADE: Very serious; ROB2: High risk
	4 ICUs in a single hospital in a single country (Taiwan).
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	SINGLE RCT QUALITY ASSESSMENT
	Question: Is the hospital mortality influenced by recruitment maneuvers in mechanically ventilated ARDS patients?

	RCT 4
	Parallel
	Superiority
	II

	Hodgson
	CC
	2011
	Centers included

	Patients
	ARDS, mechanically ventilated
	1

	

Treatment
	Staircase recruitment maneuver (SRM) + decremental PEEP titration adjusted to SpO2 once a day (SRM + decremental PEEP titration) until ready for weaning. Brief RM (PEEP transiently elevated to 40 cmH2O + PCV at 15 cm H2O) for 1 minute if SpO2≤90% or after disconnection

	Control
	ARDSNet strategyLower PEEP table
	

	Outcome
	Hospital mortality
	Unregistered trial
	

	
	
	Outcome quality: Clinically important
	Undesirable effects

	
	Number of patients
	n (%)
	Barotrauma %

	Treatment
	10
	3 (30)
	0.0

	Control
	10
	2 (20) [Expected rate: NA]
	0.0

	Total
	20
	5 (25)
	#DIV/0!

	delta 10 (95%-CI -26.5 to 43.5)
	NNTH 10 (95%-CI NNTB 4 to ∞ to NNTH 2)

	Expected delta not reported
	p for effect size (calculated 0.604)
	Power for the observed delta: 0.07
	Power by design: Not reported

	No sample size calculation
	Sample size needed for observed delta: 564
	

	Calculated sample size for predicted delta: not computable
	
GRADE CRITERIA
	

	






Downgrade (GRADE AND ROB2)
	Lack of allocation concealment
	Maybe

	
	Lack of Blinding
	Yes

	
	Selective outcome reporting bias
	No

	
	Incomplete accounting of patients and outcome
events
	
No

	
	Stopping early for benefit/using unvalidated
outcome measures
	
No

	
	Risk of bias of the single RCT
	Serious

	
	ROB2 CRITERIA
	

	
	Bias arising from the randomization process
	Some concerns

	
	Bias due to deviations from intended interventions
	Some concerns

	
	Bias due to missing outcome data
	Low risk

	
	Bias in measurement of the outcome
	Low risk

	
	Bias in selection of the reported result
	Low risk

	
	Overall risk of bias
	Some concerns

	






Comments
	




GRADE: Lack of allocation concealment: Sealed envelopes for allocation; Lack of Blinding: Lack of blinding should not influence the measurement of hospital mortality; Methodological and statistical quality: Small pilot study; ROB2:Bias arising from the randomization process: Sealed envelopes for allocation; Bias due to deviations from intended interventions: Two patients in the control group (20%) required rescue therapies (iNO and PEEP higher than specified by the control group protocol); Overall risk of bias: Some concerns.

	
Methodological and statistical quality
	
Statistical reporting (CONSORT)
	
Overall risk of bias
	
External validity issues

	Low
	Partial but sufficient for quality assessment
	GRADE: Serious; ROB2: Some concerns
	Single center trial
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	SINGLE RCT QUALITY ASSESSMENT
	Question: In mechanically ventilated patients with moderate to severe ARDS, does a recruitment maneuver influence the ICU mortality?

	RCT 5
	Parallel
	Superiority
	

	Chung
	Med
	2017
	Centers included

	
Patients
	Moderate to severe ARDS; mechanically ventilated
	
3

	

Treatment
	
Staircase recruitment maneuver Once, at randomization

	Control
	ARDSNet strategy
	
	

	Outcome
	Hospital mortality
	Unregistered trial
	

	
	
	Outcome quality: Clinically important
	Undesirable effects

	
	Number of patients
	n (%)
	%

	Treatment
	12
	7 (58.3)
	NR

	Control
	12
	8 (66.7) [Expected rate: NA]
	NR

	Total
	24
	15 (62.5)
	NR ()

	delta -8.3 (95%-CI -41.2 to 27.2)
	NNTB 12 (95%-CI NNTB 2 to ∞ to NNTH 4)

	Sample size calculation not based on this outcome
	p for effect size 0.67 (calculated 0.672)
	Power for the observed delta: 0.06
	Power by design: Not reported

	Planned sample size:
	Sample size needed for observed delta: 1021
	

	Calculated sample size for predicted delta: not computable
	
GRADE CRITERIA
	

	







Downgrade (GRADE AND ROB2)
	Lack of allocation concealment
	Not reported

	
	Lack of Blinding
	Not reported

	
	Selective outcome reporting bias
	No

	
	Incomplete accounting of patients and outcome
events
	
No

	
	Stopping early for benefit/using unvalidated
outcome measures
	
No

	
	Risk of bias of the single RCT
	Very serious

	
	ROB2 CRITERIA
	

	
	Bias arising from the randomization process
	High risk

	
	Bias due to deviations from intended interventions
	Low risk

	
	Bias due to missing outcome data
	Low risk

	
	Bias in measurement of the outcome
	Low risk

	
	Bias in selection of the reported result
	Some concerns

	
	Overall risk of bias
	High risk

	







Comments
	



GRADE: Lack of allocation concealment: Possible issues; Lack of Blinding: No details on blinding; absence of blinding should not affect measurement of ICU mortality; Methodological and statistical quality: Small RCT, lacking the reporting of randomization and allocation conealment procedures; ROB2:Bias arising from the randomization process: Enrollment, randomization and allocation all performed by the investigators without additional details on the process; Bias in selection of the reported result: Some discrepancies between the outcomes reported in RCT registration and those reported in the manuscript; Overall risk of bias: High risk.

	
Methodological and statistical quality
	
Statistical reporting (CONSORT)
	
Overall risk of bias
	
External validity issues

	Low
	Partial and not sufficient for quality assessment
	GRADE: Very serious; ROB2: High risk
	Few centers and few patients randomized per year
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High pressure recruitment - ICU mortality	12/17/2022

	SINGLE RCT QUALITY ASSESSMENT
	Question: In mechanically ventilated patients with moderate to severe ARDS, does a Recruitment maneuver + decremental PEEP titration produce a reduction in ICU mortality?

	RCT 4
	Parallel
	Superiority
	III

	Huh
	CC
	2009
	Centers included

	Patients
	Moderate to severe ARDS of less than 48 hours of duration; mechanically ventilate
	1

	Treatment
	2 cycles of staircase recruitment maneuvers + decremental PEEP titration Once a day for 7 days; additionally if ven

	Control
	ARDSNet strategyLower PEEP table
	

	Outcome
	ICU mortality
	Outcome reported in the trial registration
	

	
	
	Outcome quality: Clinically important
	Undesirable effects

	
	Number of patients
	n (%)
	Barotrauma %

	Treatment
	30
	14 (46.7)
	10.0

	Control
	27
	13 (48.1) [Expected rate: NA]
	11.1

	Total
	57
	27 (47.4)
	10.5 (p 0.892)

	delta -1.5 (95%-CI -25.8 to 23)
	NNTB 68 (95%-CI NNTB 4 to ∞ to NNTH 4)

	Sample size calculation not based on this outcome
	p for effect size 1 (calculated 0.91)
	Power for the observed delta: 0.03
	Power by design: 0.8

	Planned sample size:
	Sample size needed for observed delta: 34606
	

	Calculated sample size for predicted delta: not computable
	
GRADE CRITERIA
	

	






Downgrade (GRADE AND ROB2)
	Lack of allocation concealment
	No

	
	Lack of Blinding
	Yes

	
	Selective outcome reporting bias
	No

	
	Incomplete accounting of patients and outcome
events
	
Yes

	
	rly for benefit/using unvalidated outcome measures
	Not reported

	
	Risk of bias of the single RCT
	Serious

	
	ROB2 CRITERIA
	

	
	Bias arising from the randomization process
	High risk

	
	Bias due to deviations from intended interventions
	High risk

	
	Bias due to missing outcome data
	Low risk

	
	Bias in measurement of the outcome
	Low risk

	
	Bias in selection of the reported result
	Low risk

	
	Overall risk of bias
	High risk

	






Comments
	GRADE: Lack of Blinding: Lack of blinding should not influence measurement of mortality; Incomplete accounting of patients and outcome events: Intention-to-treat principle not observed (per-protocol analysis); Stopping early for benefit/using unvalidated outcome measures: No information about the reason why the enrollment was prematurely halted after 57 patients, before the planned sample size (72 patients) was met. ; ROB2:Bias arising from the randomization process: Randomization proces not detailed ; Bias due to deviations from intended interventions: 50% of patients in the intervention group and 44% of patients in the control group required prone positioning as rescue; 53% of patients in the intervention group and 48% of patients in the control group required iNO as rescue. Application of rescue therapies (without details on the timing) may confound the effect of the intervention on the outcome (improvement in PaO2/FiO2 ratio from day 0 to day 1). ; Overall risk of bias: High risk.

	Methodological and statistical quality
	Statistical reporting (CONSORT)
	Overall risk of bias
	External validity issues

	Low
	Partial and not sufficient for quality assessment
	GRADE: Serious; ROB2: High risk
	Single center study
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In patients with ARDS undergoing invasive mechanical ventilation, does routine use of brief high-pressure recruitment maneuvers, compared to no use of brief high-pressure recruitment maneuvers, reduce mortality?



Literature search
We retrieved three randomised controlled trials from the literature (Figure 1), two using open-lung strategies with brief recruitment manoeuvres and PEEP titration [1, 2] and one using only recruitment manoeuvres without specific PEEP interventions [3].

Clinical heterogeneity
Patients
Patients with ARDS with PaO2/FiO2 less than 250 or 200 were included. Pneumonia was the cause of ARDS in almost half of the cases in the two studies using the open-lung strategies [1, 2] and in one-third in the other [3].

Interventions and controls
Two studies used brief recruitment manoeuvres with decremental PEEP titration strategies. In one trial PEEP titration was based on dynamic compliance [1], while in the other PEEP settings were based on FiO2 requirements [2]. This resulted in average PEEP differences on the first day of about 5 cmH2O between the experimental arm and the controls (Table 1).
The third study used recruitment manoeuvres that ended without any intervention on the previously set PEEP [3]. This study was thus analysed separately.

Selected outcomes (and corresponding Forest plots)
We considered mortality as our primary outcome, preferring hospital mortality since it is measured when the acute phase of the disease is over.
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We also considered ventilator-free days (VFDs) at day 28, which were reported by two studies [1, 3], as a secondary measure of outcome.
Barotrauma and cardiocirculatory complications related to RMs were accounted for as unwanted effects.

Individual quality of evidence and methodological heterogeneity
All the trials were considered high-quality studies, independently of the outcome of choice, with any or little risk of bias according to the GRADE and RoB2 assessment tools (Table 2 and dedicated quality reports at the end of this document). Thus, all the studies were considered methodologically homogeneous, but one [3] was considered clinically heterogeneous because of substantial differences in the intervention described above. Thus, only two trials were meta-analysed [1, 2], while the third study [3] was considered as a source of evidence for brief recruitment manoeuvres without PEEP titration.

Overall quality of evidence and statistical heterogeneity
Hospital mortality
Overall, brief recruitment manoeuvres with PEEP titration did not have a significant impact on hospital or ICU mortality (Figures 2 and 3).
Statistical heterogeneity estimate was low, but its imprecision was high. Thus, the analysis was substantially inconclusive. Evidence was rated high against the intervention given the absence of effectiveness and the systematic used of these manoeuvres may not be safe (Table 2).
Similarly, there was no evidence of benefit in the trial were PEEP titration did not follow recruitment manoeuvres [3], with a non-significant reduction of 14.5% in the mortality rate (95%-CI -31.8 to 4, p = 0.13). In this case as well evidence was rated high against.

Ventilator-free days
Only two studies provided data on ventilator-free days, but could not be meta-analysed because of the different interventions used in the experimental arm [1, 3]. The study



not including PEEP titration [3] showed a statistically non-significant increase of VFDs (3.4, p = 0.079), while the one including PEEP titration reported a non-significant 1-day increase (p = 0.53) [1]. Overall, evidence was downrated one point for imprecision, because the absence of blinding can affect this outcome. Thus, we concluded for moderate evidence against both interventions.

Barotrauma
There was no difference in the incidence of barotrauma in the meta-analysis, thus no safety issues were raised for recruitment manoeuvres with PEEP titration. Evidence was rated high in favour of the safety of this intervention. No adverse events were reported in the only study investigating recruitment manoeuvres without PEEP titration [3], and evidence was thus rated equally.

Cardio-circulatory complications
The reporting of these complications was mostly partial. In one trial [1] seven patients had hypotension during the recruitment maneuvers (three were able to complete them and four had to suspend them); ten patients were not submitted to RMs, because the attending physician considered the manoeuvre unsafe.









MEDLINE (PubMed)
3295 studies
3275 excluded after title and abstract screening
1 full-text from other sources
21 total available for full-text
6 excluded after full-text screening: 5 not consistent with PICO criteria; 1 not RCT article [1 meta-analyses, 0 reviews, 0 other];
15 eligible RCTs


 PICO 1: 3 RCTs for High vs. low PEEP without RM (one in common with PICO 4)

PICO 3: 7 RCTs for Prolonged high pressure RM (one in common with PICO 2)
PICO 2: 4 RCTs for PEEP
titration based on ventilatory mechanics/imaging (one in

PICO 4: 3 RCTs for Brief high pressure RM (one in common with PICO 1)







Figure 1. Article selection diagram according to the PRISMA indications.
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Figure 2. Hospital mortality. Intervention: brief recruitment maneuvers with PEEP titration.
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Figure 3. ICU mortality. Intervention: brief recruitment maneuvers with PEEP titration.
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Figure 4. Barotrauma. Intervention: brief recruitment maneuvers with PEEP titration.




ROB 2 overall risk of bias

Bias arising from the randomization process Bias due to deviations from intended interventions
Bias due to missing outcome data Bias in measurement of the outcome Bias in selection of the reported result
Overall risk of bias

0%	10%	20%	30%	40%	50%	60%	70%	80%	90%	100%
Low risk	Some concerns	High risk

Figure 5. RoB2 overall risk of bias assessment. Outcome: hospital mortality. Intervention: brief recruitment manoeuvres with PEEP titration.





	
	Meade - JAMA 2008
	Kacmarek - CCM 2016
	Xi - ChMJ 2010

	
	Experimental
	Control
	Experimental
	Control
	Experimental
	Control

	N patients
	475
	508
	99
	101
	55
	55

	Age Mean (SD)
	54.5 (16.5)
	56.9 (16.5)
	52.2 (15.1)
	53.4 (14.5)
	62.2 (16)
	65.5 (15.2)

	Females n (%)
	193 (40.6)
	201 (39.6)
	42 (42.4)
	34 (33.6)
	17 (30.9)
	15 (27.3)

	Protocol violations n (%)
	0 (0)
	0 (0)
	14 (14.1)
	NA (NA)
	NA (NA)
	NA (NA)

	
Inclusion P/F Mean (SD)
	144.8 (47.9)
	144.6
(49.2)
	121 (37)
	114 (33)
	93.8
(68.7-150)*
	120
(88.3-140)*

	Inclusion PEEP Mean
(SD)
	11.5 (3.5)
	11.2 (3.3)
	12 (2.7)
	12 (2.3)
	10.5 (3.2)
	9.7 (2.4)

	
P/F on day 1 Mean (SD)
	187.4 (68.8)
	149.1
(60.6)
	198.5 (78.6)
	135.6 (43.5)
	132.4 (104.5-175.8)*
	123.0 (92.3-165.1)*

	PEEP on day 1 Mean (SD)
	15.6 (3.9)
	10.1 (3)
	15.8 (3.8)
	11.6 (2.5)
	10.5 (3.2)
	9.8 (2.3)

	Centres included
	30
	20
	14

	n pts/centre/year
	6
	2
	2


Table 1. Main patients characteristics in the three RCTs. * Median (IQR)





	


RoB2
	
Bias arising	Bias due to	Bias due			Bias in from the	 deviations		to	Bias in	selection
randomization	from intended		missing		measurement		of the process		interventions	outcome	of the outcome	reported
data	result
	

Overall risk of bias

	Meade JAMA-2008
Kacmarek CCM-2016
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Table 2. RoB2 evidence grading for individual trials and overall. Outcome: hospital mortality. Intervention: brief recruitment manoeuvres with PEEP titration.Against
In favour
✚✚✚✚
High
✚✚✚✚
High
2

2
Quality
Relative Risk [95%-CI]
N. of	Treatment	Control RCTs		n (%)		n (%)
Overall quality assessment







Outcome
Hospital mortality
Barotrauma
Risk of bias
Inconsistency
Indirectness
Imprecision
Publication bias








202/574
240/609
0.89
(35.2)
(39.4)
[0.77, 1.04]
59/574
55/609
1.14 [0.81,
(10.3)
(9)
1.62]

No
No
No
No
No
No
No
No
No
No


Table 3. GRADE rating of overall evidence. Outcomes: hospital mortality, barotrauma., Intervention: brief recruitment manoeuvres with PEEP titration.
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	SINGLE RCT QUALITY ASSESSMENT
	
Question: Can combining low tidal volume, RM and high PEEP improve the outcome?

	RCT 1
	Parallel
	Superiority
	III

	Meade
	JAMA
	2008
	Centers included

	
Patients
	ARDS patients with P/F < 250
	
	
30

	Treatment
	Open lung approach
	
	

	Control
	ARDSnet
	
	

	Outcome
	Hospital mortality
	Outcome reported in the trial registration
	

	
	
	Outcome quality: Clinically important
	Undesirable effects

	
	Number of patients
	n (%)
	barotrauma %

	Treatment
	475
	173 (36.4)
	11.2

	Control
	508
	205 (40.4) [Expected rate: 45 %]
	9.3

	Total
	983
	378 (38.5)
	10.2 (p 0.326)

	delta -3.9 (95%-CI -10 to 2.1)
	NNTB 25 (95%-CI NNTB 10 to ∞ to NNTH 47)

	Expected delta: -9
	p for effect size 0.19 (calculated 0.204)
	Power for the observed delta: 0.24
	Power by design: 0.8

	Planned sample size: 980
	Sample size needed for observed delta: 4651
	

	Calculated sample size for predicted delta: 926
	
GRADE CRITERIA
	

	







Downgrade (GRADE AND ROB2)
	Lack of allocation concealment
	Maybe

	
	Lack of Blinding
	No

	
	Selective outcome reporting bias
	No

	
	Incomplete accounting of patients and outcome
events
	
No

	
	Stopping early for benefit/using unvalidated
outcome measures
	
No

	
	Risk of bias of the single RCT
	No

	
	ROB2 CRITERIA
	

	
	Bias arising from the randomization process
	Low risk

	
	Bias due to deviations from intended interventions
	Low risk

	
	Bias due to missing outcome data
	Low risk

	
	Bias in measurement of the outcome
	Low risk

	
	Bias in selection of the reported result
	Low risk

	
	Overall risk of bias
	Low risk

	







Comments
	

GRADE: Lack of allocation concealment: Use of sealed envelopes; Lack of Blinding: Should not influence mortality; ROB2:Bias arising from the randomization process: Use of sealed envelopes; Overall risk of bias: Low risk.

	
Methodological and statistical quality
	
Statistical reporting (CONSORT)
	
Overall risk of bias
	
External validity issues

	High
	Adequate
	GRADE: No; ROB2: Low risk
	No
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	SINGLE RCT QUALITY ASSESSMENT
	
Question: Can combining low tidal volume, RM and high PEEP improve the outcome?

	RCT 3
	Parallel
	Superiority
	III

	Kacmarek
	CCM
	2016
	Centers included

	
Patients
	ARDS patients with P/F <200
	
	
20

	Treatment
	Open lung approach
	
	

	Control
	ARDSnet
	
	

	Outcome
	Hospital mortality
	Outcome reported in the trial registration
	

	
	
	Outcome quality: Clinically important
	Undesirable effects

	
	Number of patients
	n (%)
	pneumothorax %

	Treatment
	99
	29 (29.3)
	6.1

	Control
	101
	35 (34.7) [Expected rate: 45 %]
	7.9

	Total
	200
	64 (32)
	7 (p 0.618)

	delta -5.4 (95%-CI -18 to 7.5)
	NNTB 19 (95%-CI NNTB 6 to ∞ to NNTH 13)

	Expected delta: -12
	p for effect size 0.45 (calculated 0.416)
	Power for the observed delta: 0.13
	Power by design: 0.8

	Planned sample size: 600
	Sample size needed for observed delta: 2299
	

	Calculated sample size for predicted delta: 511
	
GRADE CRITERIA
	

	







Downgrade (GRADE AND ROB2)
	Lack of allocation concealment
	No

	
	Lack of Blinding
	Yes

	
	Selective outcome reporting bias
	No

	
	Incomplete accounting of patients and outcome
events
	
No

	
	Stopping early for benefit/using unvalidated
outcome measures
	
No

	
	Risk of bias of the single RCT
	No

	
	ROB2 CRITERIA
	

	
	Bias arising from the randomization process
	Low risk

	
	Bias due to deviations from intended interventions
	Low risk

	
	Bias due to missing outcome data
	Low risk

	
	Bias in measurement of the outcome
	Low risk

	
	Bias in selection of the reported result
	Low risk

	
	Overall risk of bias
	Low risk

	







Comments
	

GRADE: Lack of Blinding: Should not influence mortality; ROB2:Overall risk of bias: Low risk.

	
Methodological and statistical quality
	
Statistical reporting (CONSORT)
	
GRADE and ROB2 criteria
	
External validity issues

	High
	Partial and not sufficient for quality assessment
	GRADE: No; ROB2: Low risk
	No
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	SINGLE RCT QUALITY ASSESSMENT
	
Question: Can RM in association with low tidal volume, improve the outcome?

	RCT 2
	Parallel
	Superiority
	III

	Xi
	ChMJ
	2010
	Centers included

	
Patients
	ARDS patients with P/F
<200
	
	
14

	Treatment
	Low VT + RM
	
	

	Control
	Low VT
	
	

	Outcome
	Hospital mortality
	Unregistered trial
	

	
	
	Outcome quality: Clinically important
	Undesirable effects

	
	Number of patients
	n (%)
	Barotrauma %

	Treatment
	55
	23 (41.8)
	0.0

	Control
	55
	31 (56.4) [Expected rate: NA]
	0.0

	Total
	110
	54 (49.1)
	#DIV/0!

	delta -14.5 (95%-CI -31.8 to 4)
	NNTB 7 (95%-CI NNTB 3 to ∞ to NNTH 25)

	Expected delta not reported
	p for effect size 0.13 (calculated 0.124)
	Power for the observed delta: 0.34
	Power by design: Not reported

	No sample size calculation
	Sample size needed for observed delta: 352
	

	Calculated sample size for predicted delta: not computable
	
GRADE CRITERIA
	

	







Downgrade (GRADE AND ROB2)
	Lack of allocation concealment
	Maybe

	
	Lack of Blinding
	Yes

	
	Selective outcome reporting bias
	No

	
	Incomplete accounting of patients and outcome
events
	
No

	
	Stopping early for benefit/using unvalidated
outcome measures
	
No

	
	Risk of bias of the single RCT
	Serious

	
	ROB2 CRITERIA
	

	
	Bias arising from the randomization process
	Some concerns

	
	Bias due to deviations from intended interventions
	Low risk

	
	Bias due to missing outcome data
	Low risk

	
	Bias in measurement of the outcome
	Low risk

	
	Bias in selection of the reported result
	Low risk

	
	Overall risk of bias
	Some concerns

	







Comments
	
GRADE: Lack of allocation concealment: Use of sealed envelopes may be insuffiicent for concealment; Lack of Blinding: Should not influence mortality; Methodological and statistical quality: No sample size was calculated; ROB2:Bias arising from the randomization process: Use of sealed envelopes may be insuffiicent for concealment; Overall risk of bias: Some concerns.

	
Methodological and statistical quality
	
Statistical reporting (CONSORT)
	
Overall risk of bias
	
External validity issues

	Low
	Partial but sufficient for quality assessment
	GRADE: Serious; ROB2: Some concerns
	No
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	SINGLE RCT QUALITY ASSESSMENT
	
Question: Can RM in association with low tidal volume, improve the outcome?

	RCT 2
	Parallel
	Superiority
	III

	Xi
	ChMJ
	2010
	Centers included

	Patients
	ARDS patients with P/F <200
	
	14

	Treatment
	Low VT + RM
	
	

	Control
	Low VT
	
	

	
Outcome
	Ventilator-free days at 28 days
	
Unregistered trial
	

	
	
	Outcome quality: Clinically important
	Undesirable effects

	
	Number of patients
	Mean
	Barotrauma %

	Treatment
	55
	10.8
	0.0

	Control
	55
	7.4
	0.0

	Total
	110
	
	#DIV/0!

	delta 3.4 (-0.36 to 7.16)
	

	Sample size calculation not based on this outcome
	p for effect size 0.08 (calculated p 0.079)
	#NUM!
	Power by design: Not reported

	Planned sample size:
	Sample size needed for observed delta: 274
	

	Calculated sample size for predicted delta: not computable
	
GRADE CRITERIA
	

	







Downgrade (GRADE AND ROB2)
	Lack of allocation concealment
	Maybe

	
	Lack of Blinding
	Yes

	
	Selective outcome reporting bias
	No

	
	Incomplete accounting of patients and outcome
events
	
No

	
	Stopping early for benefit/using unvalidated
outcome measures
	
No

	
	Risk of bias of the single RCT
	Serious

	
	ROB2 CRITERIA
	

	
	Bias arising from the randomization process
	Some concerns

	
	Bias due to deviations from intended interventions
	Low risk

	
	Bias due to missing outcome data
	Low risk

	
	Bias in measurement of the outcome
	Low risk

	
	Bias in selection of the reported result
	Low risk

	
	Overall risk of bias
	Some concerns

	







Comments
	GRADE: Lack of allocation concealment: Use of sealed envelopes; Lack of Blinding: Ventilator-free days may be influenced by absence of blinding; Methodological and statistical quality: No sample size was calculated; ROB2:Bias arising from the randomization process: Use of sealed envelopes; Overall risk of bias: Some concerns.

	
Methodological and statistical quality
	
Statistical reporting (CONSORT)
	
Overall risk of bias
	
External validity issues

	Low
	Partial but sufficient for quality assessment
	GRADE: Serious; ROB2: Some concerns
	No
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	SINGLE RCT QUALITY ASSESSMENT
	
Question: Can combining low tidal volume, RM and high PEEP improve the outcome?

	RCT 3
	Parallel
	Superiority
	III

	Kacmarek
	CCM
	2016
	Centers included

	Patients
	ARDS patients with P/F <200
	
	20

	Treatment
	Open lung approach
	
	

	Control
	ARDSnet
	
	

	
Outcome
	Ventilator-free days at 28 days
	
Outcome reported in the trial registration
	

	
	
	Outcome quality: Clinically important
	Undesirable effects

	
	Number of patients
	Median
	pneumothorax %

	Treatment
	99
	8.0
	6.1

	Control
	101
	7.0
	7.9

	Total
	200
	
	7 (p 0.618)

	delta 1
	

	Sample size calculation not based on this outcome
	reported p for effect size 0.53
	
	Power by design: 0.8

	Planned sample size:
	Sample size needed for observed delta: not computable
	

	Calculated sample size for predicted delta: not computable
	
GRADE CRITERIA
	

	







Downgrade (GRADE AND ROB2)
	Lack of allocation concealment
	No

	
	Lack of Blinding
	Yes

	
	Selective outcome reporting bias
	No

	
	Incomplete accounting of patients and outcome
events
	
No

	
	Stopping early for benefit/using unvalidated
outcome measures
	
No

	
	Risk of bias of the single RCT
	Serious

	
	ROB2 CRITERIA
	

	
	Bias arising from the randomization process
	Low risk

	
	Bias due to deviations from intended interventions
	Low risk

	
	Bias due to missing outcome data
	Low risk

	
	Bias in measurement of the outcome
	Low risk

	
	Bias in selection of the reported result
	Low risk

	
	Overall risk of bias
	Low risk

	







Comments
	
GRADE: Lack of Blinding: Ventilator-free days may be influenced by absence of blinding; ROB2:Overall risk of bias: Low risk.

	
Methodological and statistical quality
	
Statistical reporting (CONSORT)
	
GRADE and ROB2 criteria
	
External validity issues

	Low
	Partial and not sufficient for quality assessment
	GRADE: Serious; ROB2: Low risk
	No
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In patients receiving HFNO for AHRF, does awake prone positioning as compared to supine positioning reduce intubation or mortality?





Background
Prone ventilation is currently a standard in the treatment of severe ARDS. In the recent COVID-19 pandemic, with the spread of non-invasive ventilation (NIV) and high-flow nasal oxygen (HFNO) applied in the wards, besides the ICUs, the use of NIV and HFNO was tested and studied in the awake patient. Indeed, all the high-quality evidence from RCTs has been provided from studies dealing only with COVID-19 patients.

Literature search and synthesis
The literature search provided three randomized controlled trials (Figure 1) [1-3], that were exclusively focused on COVID-19 patients. We discarded three trials that did not match our inclusion criteria, one being a cluster trial randomizing only five units, thus methodologically inadequate [4], while the other two included mainly patients not receiving non-invasive support to ventilation [5, 6].
One of the studies was a meta-trial, published on the Lancet Respiratory Medicine [2], including six randomized controlled trials conducted in six different countries, harmonizing protocols to have data that could be combined [2]. Patients in the control arm received a standard treatment based on HFNO, and pronation was strongly discouraged in the control group. Indeed, the mean time receiving HFNO in the prone position in the control group was clinically irrelevant (0.3 ± 1.2 vs. 5.6 ± 4.4 hours).
In the other trial, published on Critical Care [3], instead, HFNO was provided to 86% of patients in the intervention arm and to 74% of the controls. Pronation was allowed in
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the control group. The median daily time in the prone position was 8.5 hours (IQR 5.2- 12.2) in the study arm and 2.6 hours (IQR 0.3-8.1) among controls.
The latest trial [6] included 400 patients and investigated endotracheal intubation at 30 days as the primary outcome. This study, however, used a different comparator, providing prevalently HFNO also to patients in the control group. Overall, almost 80% of the patients in the experimental and control arm received HFNO or NIV [1].
Three studies (Ireland, Canada, Spain) of the meta-trial [1] included very few patients compared to the design, with the consequent biases that are connected to very small sample sizes [7] and potential selection bias. We excluded these studies from our primary meta-analysis, including them in a sensitivity analysis.


Selected outcomes (and corresponding Forest plots)
The main outcome of the meta-trial [1] was a composite endpoint including mortality and intubation at 28 days. To be reliable, composite outcomes need to match three conditions: they should have the same clinical relevance, the same frequency, and should be affected similarly by the intervention [8]. This is not the case of the composite endpoint selected in the trials included in our review. For this reason, we investigated intubation and mortality separately.
The intubation outcome was reported in the studies at either 28 [2] or 30 days [1, 3], as well as mortality.

Patients
The trials, although focused on seriously ill patients, had different inclusion criteria. Two considered only patients admitted to the ICU [1, 3], while in the meta-trial only about 60% of the patients met this criterion [2]. Clinical inclusion criteria were also heterogeneous, based on the need of support (FiO2 of at least 40% with either low- or high-flow devices, or NIV support) [1], need of HFNO [2], or on the basis of a PaO2/FiO2 threshold [2, 3]. Indeed, patients started pronation when hypoxemic. In the meta-trial
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the inclusion PaO2/FiO2 ratio was less or equal 300 mmHg [2], while in the trial published on Critical Care [4] the PaO2/FiO2 ratio threshold was 150 mmHg. In the latest trial [1], instead, the inclusion was based on the degree of support that the patients required. However, the mean/median inclusion PaO2/FiO2 ratios were sufficiently homogenous across the studies (Table 1).

Intervention and controls
All patients underwent prone positioning in the intervention arm. HFNO was performed in both studies arms in one trial [2], or in the majority of cases in a second one [1] In the Swedish study [4] most patients had received HFNO at randomization and were treated with NIV during the study in 58% of cases in the intervention arm and 69% in the control arm, respectively (Table 1).
In one study the duration of pronation was generically defined as “as long as possible” [2], while in the other two the duration was specified clearly in the protocols [1, 3].
Discontinuation criteria were clearly established and reported in two trials [1, 3], but not in the meta-trial [2].
Only one study [6] provided the number of days of treatment and how the pronation cycles were managed (the target was 8-10 hours a day, with 2-3 pauses of 1-2 hours), in addition to the mean/median time spent in the prone position.




Individual and overall quality of evidence assessment
The quality assessment is reported in the tables at the end of this document for each trial and for each of the two outcomes.
Our primary meta-analysis excluded the studies with very small samples, that are significantly exposed to bias and random errors [7, 9, 10]. Thus, five randomized controlled trials were available (the trials carried out in Mexico, USA, and France, from
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the Lancet Respiratory Medicine [2], and the trials published on Critical Care [3] and JAMA [1]).
Our secondary analysis, instead, included all eight studies.

Outcome: Intubation
Both the main and the secondary analyses provided similar findings for intubation, with a statistically significant protective effect of the intervention (Figures 2 and 3).
We however, had clinical homogeneity concerns in including the Mexican study. Indeed, if we look at the specific features of the study, we find that the median time of exposure to pronation was 9.0 hours/day, compared to 4.4 hours/day or less for the other studies. However, the study conducted in Sweden and published on Critical Care [3] also exposed patients in the study arm to a median time of 9 hours per day, without showing any benefit in term of intubation rate. In this study the majority of patients received NIV and/or HFNO. However, its exclusion from the meta-analyses did not change the results. Heterogeneity estimate with I2 was low but the imprecision was high and high heterogeneity could not be ruled out.
We thus performed a leave-one-out analysis, reporting the p-values for the effect size and for heterogeneity on a scatter plot, to investigate inconsistency across the meta- analyzed trials. Although it is not a formal statistical analysis, this plot allows to identify clear outliers within a meta-analysis. The Mexican trial accounted for the statistically significant result of the effect and for the increased p-value for heterogeneity, both in our main and secondary analysis (Figure 4 and 5). Finally, the interaction test formally comparing the Mexican study with the others was 0.09 and 0.11 in the main and secondary analysis, respectively.
These findings may raise some doubts regarding the combination of the Mexican trial with the other studies in a meta-analysis.

Outcome: mortality
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In both our main and secondary analyses, mortality was not different among the patients ventilated in the prone or supine position (Figure 6 and 7). The study of heterogeneity with I2 estimate and confidence intervals and with the double p plot did not highlight any issues (Figure 8 and 9).

Grading of evidence: Intubation Outcome
The work of evidence assessment was conducted without particular difficulties. However, it was difficult to define the evidence on the details of the intervention. Indeed, pronation “dose” depends on the number of hours of daily administration, whether they are delivered continuously or interrupted by pauses, and on the number of days patients receive the treatment (the last is strongly dependent on the stopping rules). Most of this information was insufficient, and this limited the possibility of providing clear recommendation on how and how long to perform this intervention.

GRADE. The domain choice was to include the Mexican study in the meta-analysis, rating down overall evidence for inconsistency given the effect of a strong influential study, with non-neglectable clinical specific features, and for risk of bias due to absence of blinding. Actually, lack of blinding may have influenced the decision to intubate or not, affecting the overall results, while it should not have affected seriously the mortality rates. We rated evidence low in favor of pronation for the reduction of the risk of intubation (Table 2).
RoB2. Only minor concerns were reported in relation to the absence of blinding that could have affected the intubation rate.
Other considerations. Small studies were excluded from the main analysis but did not substantially influence the overall outcome. Another limitation of the design of the Lancet Respiratory Medicine trials [2], not really captured by the GRADE and the RoB2 tools, was that about 7% of the patients had a do-not-intubate order while the main outcome was intubation or death at 28 days. In the Critical Care study [3], more properly, do-not-intubate orders where a condition for exclusion. The distribution of do-
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not-intubate orders was however balanced between the study arms (Table 1) and probably did not affect the overall findings. Thus, we could consider the GRADE evaluation of overall findings reliable.

Grading of evidence Mortality Outcome
Considering the larger trials, all the trials, or the Mexican study independently, no benefit was shown in terms of mortality reduction in the intervention arm. There was no evidence of statistical heterogeneity, despite the clinical heterogeneity of the Mexican study.
GRADE. We rated down for imprecision, given a statistically non-significant result with a chance of a strong protective effect (lower boundary of the confidence interval) [11]. Thus, evidence was moderate when considering the mortality outcome.

Non-COVID-19 patients
The domain decided that evidence could not be transferred to non-COVID-19 patients from the COVID-19 studies, since they are focused on a peculiar and homogenous clinical condition not generalizable to a broader and more heterogeneous group such as ARDS from any cause. Specifically, the members of the domain highlighted the fact that COVID-19 patients have “happy hypoxemia”, meaning that they have little respiratory distress. This condition is not usually met when dealing with hypoxemic respiratory failure from any other cause.
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0MEDLINE (PubMed)
2120 studies Identified
2078 excluded after title and abstract screening
1 full- text from other sources
43 total available for
full-text
screening
3 excluded after full-text screening: 2 not consistent with PICO criteria; 1 not matching methodological criteria [ meta-analyses, reviews, 1 methodologically inadequate]
3 RCTs


















Figure 1. Article selection diagram.
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Figure 2. Intubation rate at 28 or 30 days. Primary meta-analysis with five trials.
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Figure 3. Intubation rate at 28 or 30 days. Secondary meta-analysis with all trials.
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Figure 4. Double p plot for the identification of inconsistency among studies in the primary analysis (five trials). Outcome: intubation rate at 28 or 30 days.
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Figure 4. Double p plot for the identification of inconsistency among trials in the secondary analysis (eight trials). Outcome: intubation rate at 28 or 30 days.
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Figure 5. Mortality rate at 28 or 30 days. Primary meta-analysis with five trials.
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Figure 6. Mortality rate at 28 or 30 days. Secondary meta-analysis with all trials.
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Figure 8. Double p plot for the identification of inconsistency among studies in the primary analysis (five
trials). Outcome: mortality rate at 28 or 30 days.
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Figure 9. Double p plot for the identification of inconsistency among trials in the secondary analysis (eight
trials). Outcome: mortality rate at 28 or 30 days.
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ROB 2 overall risk of bias
Bias arising from the randomization process Bias due to deviations from intended interventions
Bias due to missing outcome data Bias in measurement of the outcome Bias in selection of the reported result Risk of bias of the single RCT
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
Low risk	Some concerns	High risk


Figure 10. Overall risk of Bias according to the RoB2 method for our primary analysis
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	(15.6)
	(20.5)
	(10.2)
	(11.5)
	(11)
	(16)
	(15.8)
	(15.8)
	(9.9)
	(11.5)
	(12.5)
	(13.3)



	4
(57.1)
	2
(33.3)
	49
(24.5)
	51
(25.2)
	3 (25)
	5
(41.7)
	84
(38.9)
	88
(41.0)
	4
(23.5)
	3
(23.1)
	40
(35.7)
	42
(38.2)
	13 (36.1)
	7 (17.9)
	56 (27.3)
	61 (31.3)

	0 (0)
	0 (0)
	0 (0)
	0 (0)
	0 (0)
	0 (0)
	0 (0)
	0 (0)
	0 (0)
	0 (0)
	0 (0)
	0 (0)
	0 (0)
	0 (0)
	0 (0)
	0 (0)

	169.3
	166.8
	155.2
	155.8
	193.9
	178.3
	134.7
	135.5
	162.9
	155.8
	152
	156
	151
	157
	132
	136

	(68.1)
	(86.5)
	(48.3)
	(44.6)
	(45.5)
	(52.7)
	(38.7)
	(37.9)
	(22.8)
	(30.7)
	(37.8)
	(40.6)
	(131-174)*
	(136-175)*
	(103-174)*
	(110-181)*






	7
(100)
	6
(100)
	200
(100)
	202
(100)
	12
(100)
	12
(100)
	216
(100)
	214
(100)
	17
(100)
	13
(100)
	112
(100)
	110
(100)
	31 (86.1)°
	29 (74.4)°
	148 (72.2)
	132 (67.7)

	0 (0)
	0 (0)
	0 (0)
	0 (0)
	0 (0)
	0 (0)
	0 (0)
	0 (0)
	0 (0)
	0 (0)
	0 (0)
	0 (0)
	21 (58.3)*
	27 (69.2)
	12 (5.9)
	20 (10.3)


Table 1. Summary table of the eight trials included in the review. *Median (IQR). °At randomizationCanada - Lancet RM 2021
France - Lancet RM 2021
Ireland - Lancet RM 2021
Mexico - Lancet RM 2021
Spain - Lancet RM 2021
USA - Lancet RM 2021
Rosén - CC 2021
Alhazzani - JAMA 2022
Age (mean, SD)
65.1
68.3
64.2
62.9
62.8
59.3
58.6
58.2
58.1
52.4
62.2
62.5
66 (53-74)*
65 (55-70)*	56.8 (12.5)
58.3 (13.2)
Females (n, %)
Missing outcomes (n, %) SpO2/FiO2 ratio (mean, SD) Do-not-intubate order (n,%)
3
(42.9)
2.7
(2.2)
3 (50)
9 (4.5)
6 (3)
2
(16.7)
3.3
(2.7)
0 (0)
23
(10.6)
20
(9.3)
0 (0)
0 (0)
7 (6.3)
15
(13.6)
0 (0)
0 (0)
0 (0)
0 (0)
Hours/day of prone ventilation (mean, SD)
0 (0)
2.9
(2.9)
0 (0.3)
1 (2.5)	9 (3.2)	0.3 (1)
1.7
(1.2)
0 (0)
4.4
(4.7)
0.7 (2)
9
(4.-10.6)*
3.4 (1.4-8.4)*
5 (2-8)
0 (0)
HFNO n (%)

NIV n (%)




Risk of bias
Inconsistency
Indirectness
Imprecision
Publication bias




















Table 2: GRADE evidence synthesis table for the two investigated outcomes, excluding the three small sample size RCTs and including them. On top direct evidence for COVID-19 patients.Overall quality assessment
N. of	Treatment n	Control n	Relative Risk RCTs		(%)		(%)		[95%-CI]
Quality
✚✚✚☐
Moderate
No	No	Serious	No
No
0.86 [0.71, 1.03]
135/565 (23.9)
116/564 (20.6)
5
✚✚☐☐
Low
No	No	Serious	No
0.86 [0.71, 1.04]	Serious
138/596 (23.2)
120/600 (20)
8
✚✚☐☐
Low
Serious	Serious	No	No	No
0.85 [0.74, 0.97]
226/565 (40)
191/564 (33.9)
5
✚☐☐☐
Very low
No	No	No
Serious
Very serious
0.84 [0.73, 0.96]
236/596 (39.6)
197/600 (32.8)
8

Intubation at 28 days


Intubation at 28 days


Mortality at 28 days


Mortality at 28 days







Outcome
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1

1


	SINGLE RCT QUALITY ASSESSMENT
	
Question: Is prone ventilation in COVID patients, treated with HFNC effective?

	RCT 1
	Parallel
	Superiority
	III

	Canada
	Lancet RM
	2021
	Centers included

	Patients
	COVID pneumonia and hypoxia
	4

	Treatment
	Cycles of HFNC in prone position for as long and as frequently as possible each day

	Control
	HFNC
	
	

	Outcome
	Death within 28 days
	Outcome reported in the trial registration
	

	
	
	Outcome (Clinically important)
	Undesirable effects

	
	Number of patients
	n (%)
	NR %

	Treatment
	7
	2 (28.6)
	NR

	Control
	6
	2 (33.3) [Expected rate: 60 %]
	NR

	Total
	13
	4 (30.8)
	NR ()

	delta -4.8 (95%-CI -46.7 to 37.9)
	NNTB 21 (95%-CI NNTB 2 to ∞ to NNTH 3)

	Expected delta: -15
	p NR (calculated 0.854)
	Power for the observed delta: 0.04
	Power by design: 0.8

	Planned sample size: 346
	Sample size needed for observed delta: 2864
	

	Calculated sample size for predicted delta: 340
	
GRADE CRITERIA
	

	







Downgrade (GRADE AND ROB2)
	Randomization and Allocation concealment
	Partial

	
	Blinding
	No

	
	Selective outcome reporting
	No

	
	Completement of follow-up/Intention to treat
principle observed
	
Yes

	
	Stopping early for benefit
	No

	
	Risk of bias of the single RCT
	No

	
	ROB2 CRITERIA
	

	
	Bias arising from the randomization process
	Some concerns

	
	Bias due to deviations from intended interventions
	Low risk

	
	Bias due to missing outcome data
	Low risk

	
	Bias in measurement of the outcome
	Low risk

	
	Bias in selection of the reported result
	Low risk

	
	Overall risk of bias
	Some concerns

	







Comments
	GRADE: Randomization and Allocation concealment: Use of sealed envelopes for allcation concealment; Risk of bias of the single RCT: Absence of blinding should not affect mortality; Methodological and statistical quality: Potential strong selection bias, 13 patients randomized while 346 were expected; ROB2:Bias arising from the randomization process: Use of sealed envelopes for allcation concealment; Overall risk of bias: Some concerns

	
Methodological and statistical quality
	
Statistical reporting (CONSORT)
	
Overall risk of bias
	
External validity issues

	
Low
	
Adequate
	
GRADE: No; ROB2: Some concerns
	
Strong selection bias




	SINGLE RCT QUALITY ASSESSMENT
	
Question: Is prone ventilation in COVID patients, treated with HFNC effective?

	RCT 2
	Parallel
	Superiority
	III

	France
	Lancet RM
	2021
	Centers included

	Patients
	COVID pneumonia and hypoxia
	27

	Treatment
	Cycles of HFNC in prone position for as long and as frequently as possible each day

	Control
	HFNC
	
	

	Outcome
	Death within 28 days
	Outcome reported in the trial registration
	

	
	
	Outcome (Clinically important)
	Undesirable effects

	
	Number of patients
	n (%)
	%

	Treatment
	200
	21 (10.5)
	NR

	Control
	202
	20 (9.9) [Expected rate: NR %]
	NR

	Total
	402
	41 (10.2)
	NR ()

	delta 0.6 (95%-CI -5.4 to 6.7)
	NNTH 167 (95%-CI NNTB 18 to ∞ to NNTH 15)

	Expected delta: NR
	p NR (calculated 0.842)
	Power for the observed delta: 0.04
	Power by design: 0.8

	Planned sample size:
	Sample size needed for observed delta: 77777
	

	Calculated sample size for predicted delta: not computable
	
GRADE CRITERIA
	

	







Downgrade (GRADE AND ROB2)
	Randomization and Allocation concealment
	Partial

	
	Blinding
	No

	
	Selective outcome reporting
	No

	
	Completement of follow-up/Intention to treat
principle observed
	
Yes

	
	Stopping early for benefit
	No

	
	Risk of bias of the single RCT
	No

	
	ROB2 CRITERIA
	

	
	Bias arising from the randomization process
	Some concerns

	
	Bias due to deviations from intended interventions
	Some concerns

	
	Bias due to missing outcome data
	Low risk

	
	Bias in measurement of the outcome
	Low risk

	
	Bias in selection of the reported result
	Low risk

	
	Overall risk of bias
	Some concerns

	







Comments
	GRADE: Randomization and Allocation concealment: Use of sealed envelopes for allcation concealment; Risk of bias of the single RCT: Absence of blinding should not affect mortality; ROB2:Bias arising from the randomization process: Use of sealed envelopes for allcation concealment; Bias due to deviations from intended interventions: Some patients that were proned in the control group but their number was not available; Overall risk of bias: Some concerns

	
Methodological and statistical quality
	
Statistical reporting (CONSORT)
	
Overall risk of bias
	
External validity issues

	
High
	
Adequate
	
GRADE: No; ROB2: Some concerns
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2

3


	SINGLE RCT QUALITY ASSESSMENT
	
Question: Is prone ventilation in COVID patients, treated with HFNC effective?

	RCT 3
	Parallel
	Superiority
	III

	Ireland
	Lancet RM
	2021
	Centers included

	Patients
	COVID pneumonia and hypoxia
	3

	Treatment
	Cycles of HFNC in prone position for as long and as frequently as possible each day

	Control
	HFNC
	
	

	Outcome
	Death within 28 days
	Outcome reported in the trial registration
	

	
	
	Outcome (Clinically important)
	Undesirable effects

	
	Number of patients
	n (%)
	NR %

	Treatment
	12
	0 (0)
	NR

	Control
	12
	0 (0) [Expected rate: 60 %]
	NR

	Total
	24
	0 (0)
	NR ()

	delta 0 (95%-CI -24.3 to 24.3)
	NNTB/ NNTH ∞ (95%-CI NNTB 4 to ∞ to NNTH 4)

	Expected delta: -20
	#DIV/0!
	#DIV/0!
	Power by design: Not reported

	Planned sample size: 196
	#VALUE!
	
	

	Calculated sample size for predicted delta: 188
	
GRADE CRITERIA
	

	







Downgrade (GRADE AND ROB2)
	Randomization and Allocation concealment
	Partial

	
	Blinding
	No

	
	Selective outcome reporting
	No

	
	Completement of follow-up/Intention to treat
principle observed
	
Yes

	
	Stopping early for benefit
	No

	
	Risk of bias of the single RCT
	No

	
	ROB2 CRITERIA
	

	
	Bias arising from the randomization process
	Some concerns

	
	Bias due to deviations from intended interventions
	Some concerns

	
	Bias due to missing outcome data
	Low risk

	
	Bias in measurement of the outcome
	Low risk

	
	Bias in selection of the reported result
	Low risk

	
	Overall risk of bias
	Some concerns

	







Comments
	GRADE: Randomization and Allocation concealment: Use of sealed envelopes for
allcation concealment; Risk of bias of the single RCT: Absence of blinding should not affect mortality; Methodological and statistical quality: Potential strong selection bias, 24 patients randomized while 196 were expected; ROB2:Bias arising from the randomization process: Use of sealed envelopes for allcation concealment; Bias due to deviations from intended interventions: Some patients that were proned in the control group but their number was not available; Overall risk of bias: Some

	
Methodological and statistical quality
	
Statistical reporting (CONSORT)
	
GRADE and ROB2 criteria
	
External validity issues

	
Low
	
Adequate
	
GRADE: No; ROB2: Some concerns
	
Strong selection bias




	SINGLE RCT QUALITY ASSESSMENT
	
Question: Is prone ventilation in COVID patients, treated with HFNC effective?

	RCT 4
	Parallel
	Superiority
	III

	Mexico
	Lancet RM
	2021
	Centers included

	Patients
	COVID pneumonia and hypoxia
	2

	Treatment
	Cycles of HFNC in prone position for as long and as frequently as possible each day

	Control
	HFNC
	
	

	Outcome
	Death within 28 days
	Outcome reported in the trial registration
	

	
	
	Outcome (Clinically important)
	Undesirable effects

	
	Number of patients
	n (%)
	NR %

	Treatment
	216
	71 (32.9)
	NR

	Control
	214
	79 (36.9) [Expected rate: 60 %]
	NR

	Total
	430
	150 (34.9)
	NR ()

	delta -4 (95%-CI -12.9 to 4.9)
	NNTB 25 (95%-CI NNTB 8 to ∞ to NNTH 20)

	Expected delta: -20
	p NR (calculated 0.378)
	Power for the observed delta: 0.14
	Power by design: 0.8

	Planned sample size: 192
	Sample size needed for observed delta: 4222
	

	Calculated sample size for predicted delta: 188
	
GRADE CRITERIA
	

	






Downgrade (GRADE AND ROB2)
	Randomization and Allocation concealment
	Partial

	
	Blinding
	No

	
	Selective outcome reporting
	No

	
	Completement of follow-up/Intention to treat
principle observed
	
Yes

	
	Stopping early for benefit
	No

	
	Risk of bias of the single RCT
	No

	
	ROB2 CRITERIA
	

	
	Bias arising from the randomization process
	Some concerns

	
	Bias due to deviations from intended interventions
	Low risk

	
	Bias due to missing outcome data
	Low risk

	
	Bias in measurement of the outcome
	Low risk

	
	Bias in selection of the reported result
	Low risk

	
	Overall risk of bias
	Some concerns

	






Comments
	GRADE: Randomization and Allocation concealment: Use of sealed envelopes for
allcation concealment; Risk of bias of the single RCT: Absence of blinding should not affect mortality; ROB2:Bias arising from the randomization process: Use of sealed envelopes for allcation concealment; Bias due to deviations from intended interventions: Although some patients in the control arm were proned the time of exposure seems neglectable compared to the intervention arm; Overall risk of bias: Some concerns;

	Methodological and statistical quality
	Statistical reporting (CONSORT)
	
Overall risk of bias
	
External validity issues

	
High
	
Adequate
	
GRADE: No; ROB2: Some concerns
	
Only two centers participated




	SINGLE RCT QUALITY ASSESSMENT
	
Question: Is prone ventilation in COVID patients, treated with HFNC effective?

	RCT 5
	Parallel
	Superiority
	

	Spain
	Lancet RM
	2021
	Centers included

	Patients
	COVID pneumonia and hypoxia
	2

	Treatment
	Cycles of HFNC in prone position for as long and as frequently as possible each day

	Control
	HFNC
	
	

	Outcome
	Death within 28 days
	Outcome reported in the trial registration
	

	
	
	Outcome (Clinically important)
	Undesirable effects

	
	Number of patients
	n (%)
	NR %

	Treatment
	17
	2 (11.8)
	NR

	Control
	13
	1 (7.7) [Expected rate: 70 %]
	NR

	Total
	30
	3 (10)
	NR ()

	delta 4.1 (95%-CI -22.9 to 27.5)
	NNTH 25 (95%-CI NNTB 4 to ∞ to NNTH 4)
	

	Expected delta: -20
	p NR (calculated 0.704)
	Power for the observed delta: 0.06
	Power by design: 0.8

	Planned sample size: 248
	Sample size needed for observed delta: 1606
	

	Calculated sample size for predicted delta: 181
	
GRADE CRITERIA
	

	







Downgrade (GRADE AND ROB2)
	Randomization and Allocation concealment
	Partial

	
	Blinding
	No

	
	Selective outcome reporting
	No

	
	Completement of follow-up/Intention to treat
principle observed
	
Yes

	
	Stopping early for benefit
	No

	
	Risk of bias of the single RCT
	No

	
	ROB2 CRITERIA
	

	
	Bias arising from the randomization process
	Some concerns

	
	Bias due to deviations from intended interventions
	Low risk

	
	Bias due to missing outcome data
	Low risk

	
	Bias in measurement of the outcome
	Low risk

	
	Bias in selection of the reported result
	Low risk

	
	Overall risk of bias
	Some concerns

	







Comments
	GRADE: Randomization and Allocation concealment: Use of sealed envelopes for allcation concealment; Risk of bias of the single RCT: Absence of blinding should not affect mortality; Methodological and statistical quality: Potential strong selection bias, 30 patients randomized while 248 were expected; ROB2:Bias arising from the randomization process: Use of sealed envelopes for allcation concealment; Overall risk of bias: Some concerns;

	
Methodological and statistical quality
	
Statistical reporting (CONSORT)
	
Overall risk of bias
	
External validity issues

	
Low
	
Adequate
	
GRADE: No; ROB2: Some concerns
	Only two centers joined the study. Strong selection bias with very few patients enrolled




	SINGLE RCT QUALITY ASSESSMENT
	
Question: Is prone ventilation in COVID patients, treated with HFNC effective?

	RCT 6
	Parallel
	Superiority
	

	USA
	Lancet RM
	2021
	Centers included

	Patients
	COVID pneumonia and hypoxia
	4

	Treatment
	Cycles of HFNC in prone position for as long and as frequently as possible each day

	Control
	HFNC
	
	

	Outcome
	Death within 28 days
	Outcome reported in the trial registration
	

	
	
	Outcome (Clinically important)
	Undesirable effects

	
	Number of patients
	n (%)
	NR %

	Treatment
	112
	21 (18.8)
	NR

	Control
	110
	30 (27.3) [Expected rate: 60 %]
	NR

	Total
	222
	51 (23)
	NR ()

	delta -8.5 (95%-CI -19.4 to 2.6)
	NNTB 12 (95%-CI NNTB 5 to ∞ to NNTH 39)

	Expected delta: -15
	p NR (calculated 0.13)
	Power for the observed delta: 0.33
	Power by design: 0.8

	Planned sample size: 346
	Sample size needed for observed delta: 736
	

	Calculated sample size for predicted delta: 340
	
GRADE CRITERIA
	

	







Downgrade (GRADE AND ROB2)
	Randomization and Allocation concealment
	Partial

	
	Blinding
	No

	
	Selective outcome reporting
	No

	
	Completement of follow-up/Intention to treat
principle observed
	
Yes

	
	Stopping early for benefit
	No

	
	Risk of bias of the single RCT
	No

	
	ROB2 CRITERIA
	

	
	Bias arising from the randomization process
	Some concerns

	
	Bias due to deviations from intended interventions
	Some concerns

	
	Bias due to missing outcome data
	Low risk

	
	Bias in measurement of the outcome
	Low risk

	
	Bias in selection of the reported result
	Low risk

	
	Overall risk of bias
	Some concerns

	







Comments
	GRADE: Randomization and Allocation concealment: Use of sealed envelopes for allcation concealment; Risk of bias of the single RCT: Absence of blinding should not affect mortality; ROB2:Bias arising from the randomization process: Use of sealed envelopes for allcation concealment; Bias due to deviations from intended interventions: Some patients that were proned in the control group but their number was not available; Overall risk of bias: Some concerns.

	
Methodological and statistical quality
	
Statistical reporting (CONSORT)
	
Overall risk of bias
	
External validity issues

	
High
	
Adequate
	
GRADE: No; ROB2: Some concerns
	




	SINGLE RCT QUALITY ASSESSMENT
	
Question:

	RCT 7
	Parallel
	Superiority
	

	Rosén
	CC
	2021
	Centers included

	Patients
	COVID pneumonia and hypoxia
	3

	Treatment
	Cycles of prone position with or without HFNC targeting at least 16 hours
	

	Control
	HFNC or low flow O2
	
	

	Outcome
	Death within 30 days
	Outcome reported in the trial registration
	

	
	
	Outcome (Clinically important)
	Undesirable effects

	
	Number of patients
	n (%)
	NR %

	Treatment
	36
	3 (8.3)
	NR

	Control
	39
	6 (15.4) [Expected rate: 88 %]
	NR

	Total
	75
	9 (12)
	NR ()

	delta -7.1 (95%-CI -22.4 to 8.7)
	NNTB 14 (95%-CI NNTB 4 to ∞ to NNTH 11)

	Expected delta: -20
	p 0.3 (calculated 0.34)
	Power for the observed delta: 0.16
	Power by design: 0.9

	Planned sample size: 224
	Sample size needed for observed delta: 680
	

	Calculated sample size for predicted delta: 170
	
GRADE CRITERIA
	

	







Downgrade (GRADE AND ROB2)
	Randomization and Allocation concealment
	Yes

	
	Blinding
	No

	
	Selective outcome reporting
	No

	
	Completement of follow-up/Intention to treat
principle observed
	
Yes

	
	Stopping early for benefit
	No

	
	Risk of bias of the single RCT
	No

	
	ROB2 CRITERIA
	

	
	Bias arising from the randomization process
	Low risk

	
	Bias due to deviations from intended interventions
	Some concerns

	
	Bias due to missing outcome data
	Low risk

	
	Bias in measurement of the outcome
	Low risk

	
	Bias in selection of the reported result
	Low risk

	
	Overall risk of bias
	Some concerns

	







Comments
	
GRADE: Risk of bias of the single RCT: Absence of blinding should not affect mortality; ROB2:Bias due to deviations from intended interventions: Some patients that were proned in the control group but their number was not available; Overall risk of bias: Some concerns;

	
Methodological and statistical quality
	
Statistical reporting (CONSORT)
	
Overall risk of bias
	
External validity issues

	
Low
	
Adequate
	
GRADE: No; ROB2: Some concerns
	




	SINGLE RCT QUALITY ASSESSMENT
	
Question: Is prone ventilation in COVID patients, treated with HFNC effective?

	RCT 8
	Parallel
	Superiority
	

	Alhazzani
	JAMA
	2022
	Centers included

	Patients
	COVID pneumonia and hypoxia
	21

	Treatment
	Cycles of HFNC in prone position
	

	Control
	standard treatment
	
	

	Outcome
	30 days mortality
	Outcome NOT reported in the trial registration
	

	
	
	Outcome (Clinically important)
	Undesirable effects

	
	Number of patients
	n (%)
	%

	Treatment
	205
	33 (16.1)
	0

	Control
	195
	37 (19)
	0

	Total
	400
	70 (17.5)
	#DIV/0!

	delta -2.9 (95%-CI -10.4 to 4.6)
	NNTB 35 (95%-CI NNTB 10 to ∞ to NNTH 22)

	Expected delta:
	p (calculated 0.45)
	Power for the observed delta: 0.11
	Power by design: 0.8

	Planned sample size:
	Sample size needed for observed delta: 5316
	

	Calculated sample size for predicted delta: not computable
	
GRADE CRITERIA
	

	







Downgrade (GRADE AND ROB2)
	Randomization and Allocation concealment
	Yes

	
	Blinding
	No

	
	Selective outcome reporting
	No

	
	Completement of follow-up/Intention to treat
principle observed
	
No

	
	Stopping early for benefit
	No

	
	Risk of bias of the single RCT
	No

	
	ROB2 CRITERIA
	

	
	Bias arising from the randomization process
	Low risk

	
	Bias due to deviations from intended interventions
	Low risk

	
	Bias due to missing outcome data
	Low risk

	
	Bias in measurement of the outcome
	Low risk

	
	Bias in selection of the reported result
	Low risk

	
	Overall risk of bias
	Low risk

	







Comments
	

GRADE: Risk of bias of the single RCT: Because of the absence of blinding in relation to the type of outcome; ROB2:

	
Methodological and statistical quality
	
Statistical reporting (CONSORT)
	
Overall risk of bias
	
External validity issues

	
High
	
Adequate
	
GRADE: No; ROB2: Low risk
	
No




	SINGLE RCT QUALITY ASSESSMENT
	
Question: Is prone ventilation in COVID patients, treated with HFNC effective?

	RCT 1
	Parallel
	Superiority
	III

	Canada
	Lancet RM
	2021
	Centers included

	Patients
	COVID pneumonia and hypoxia
	4

	Treatment
	Cycles of HFNC in prone position for as long and as frequently as possible each day

	Control
	HFNC
	
	

	Outcome
	Intubation within 28 days
	Outcome reported in the trial registration
	

	
	
	Outcome (Clinically important)
	Undesirable effects

	
	Number of patients
	n (%)
	NR %

	Treatment
	7
	1 (14.3)
	NR

	Control
	6
	1 (16.7) [Expected rate: NA]
	NR

	Total
	13
	2 (15.4)
	NR ()

	delta -2.4 (95%-CI -43.8 to 37.1)
	NNTB 42 (95%-CI NNTB 2 to ∞ to NNTH 3)

	Sample size calculation not based on this outcome
	p NR (calculated 0.906)
	Power for the observed delta: 0.03
	Power by design: 0.8

	Planned sample size:
	Sample size needed for observed delta: 7023
	

	Calculated sample size for predicted delta: not computable
	
GRADE CRITERIA
	

	







Downgrade (GRADE AND ROB2)
	Randomization and Allocation concealment
	Partial

	
	Blinding
	No

	
	Selective outcome reporting
	No

	
	Completement of follow-up/Intention to treat
principle observed
	
Yes

	
	Stopping early for benefit
	No

	
	Risk of bias of the single RCT
	Serious

	
	ROB2 CRITERIA
	

	
	Bias arising from the randomization process
	Some concerns

	
	Bias due to deviations from intended interventions
	Low risk

	
	Bias due to missing outcome data
	Low risk

	
	Bias in measurement of the outcome
	Low risk

	
	Bias in selection of the reported result
	Low risk

	
	Overall risk of bias
	Some concerns

	







Comments
	
GRADE: Randomization and Allocation concealment: Use of sealed envelopes for allcation concealment; Risk of bias of the single RCT: Because of the absence of blinding in relation to the type of outcome; Methodological and statistical quality: Potential strong selection bias, 13 patients randomized while 346 were expected; ROB2:Bias arising from the randomization process: Use of sealed envelopes for allcation concealment; Overall risk of bias: Some concerns

	
Methodological and statistical quality
	
Statistical reporting (CONSORT)
	
Overall risk of bias
	
External validity issues

	
Low
	
Adequate
	
GRADE: Serious; ROB2: Some concerns
	
Strong selection bias
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	SINGLE RCT QUALITY ASSESSMENT
	
Question: Is prone ventilation in COVID patients, treated with HFNC effective?

	RCT 2
	Parallel
	Superiority
	III

	France
	Lancet RM
	2021
	Centers included

	Patients
	COVID pneumonia and hypoxia
	27

	Treatment
	Cycles of HFNC in prone position for as long and as frequently as possible each day

	Control
	HFNC
	
	

	Outcome
	Intubation within 28 days
	Outcome reported in the trial registration
	

	
	
	Outcome (Clinically important)
	Undesirable effects

	
	Number of patients
	n (%)
	%

	Treatment
	200
	76 (38)
	NR

	Control
	202
	82 (40.6) [Expected rate: NA]
	NR

	Total
	402
	158 (39.3)
	NR ()

	delta -2.6 (95%-CI -12 to 6.9)
	NNTB 39 (95%-CI NNTB 8 to ∞ to NNTH 14)

	Sample size calculation not based on this outcome
	p NR (calculated 0.594)
	Power for the observed delta: 0.08
	Power by design: 0.8

	Planned sample size:
	Sample size needed for observed delta: 10794
	

	Calculated sample size for predicted delta: not computable
	
GRADE CRITERIA
	

	







Downgrade (GRADE AND ROB2)
	Randomization and Allocation concealment
	Partial

	
	Blinding
	No

	
	Selective outcome reporting
	No

	
	Completement of follow-up/Intention to treat
principle observed
	
Yes

	
	Stopping early for benefit
	No

	
	Risk of bias of the single RCT
	Serious

	
	ROB2 CRITERIA
	

	
	Bias arising from the randomization process
	Some concerns

	
	Bias due to deviations from intended interventions
	Some concerns

	
	Bias due to missing outcome data
	Low risk

	
	Bias in measurement of the outcome
	Low risk

	
	Bias in selection of the reported result
	Low risk

	
	Overall risk of bias
	Some concerns

	







Comments
	GRADE: Randomization and Allocation concealment: Use of sealed envelopes for allcation concealment; Risk of bias of the single RCT: Because of the absence of blinding in relation to the type of outcome; ROB2:Bias arising from the randomization process: Use of sealed envelopes for allcation concealment; Bias due to deviations from intended interventions: Some patients that were proned in the control group but their number was not available; Overall risk of bias: Some concerns

	
Methodological and statistical quality
	
Statistical reporting (CONSORT)
	
Overall risk of bias
	
External validity issues

	
High
	
Adequate
	
GRADE: Serious; ROB2: Some concerns
	




	SINGLE RCT QUALITY ASSESSMENT
	
Question: Is prone ventilation in COVID patients, treated with HFNC effective?

	RCT 3
	Parallel
	Superiority
	III

	Ireland
	Lancet RM
	2021
	Centers included

	Patients
	COVID pneumonia and hypoxia
	3

	Treatment
	Cycles of HFNC in prone position for as long and as frequently as possible each day

	Control
	HFNC
	
	

	Outcome
	Intubation within 28 days
	Outcome reported in the trial registration
	

	
	
	Outcome (Clinically important)
	Undesirable effects

	
	Number of patients
	n (%)
	NR %

	Treatment
	12
	0 (0)
	NR

	Control
	12
	2 (16.7) [Expected rate: NA]
	NR

	Total
	24
	2 (8.3)
	NR ()

	delta -16.7 (95%-CI -44.8 to 10.4)
	NNTB 6 (95%-CI NNTB 2 to ∞ to NNTH 10)

	Sample size calculation not based on this outcome
	p NR (calculated 0.122)
	Power for the observed delta: 0.34
	Power by design: Not reported

	Planned sample size:
	Sample size needed for observed delta: 76
	

	Calculated sample size for predicted delta: not computable
	
GRADE CRITERIA
	

	







Downgrade (GRADE AND ROB2)
	Randomization and Allocation concealment
	Partial

	
	Blinding
	No

	
	Selective outcome reporting
	No

	
	Completement of follow-up/Intention to treat
principle observed
	
Yes

	
	Stopping early for benefit
	No

	
	Risk of bias of the single RCT
	Serious

	
	ROB2 CRITERIA
	

	
	Bias arising from the randomization process
	Some concerns

	
	Bias due to deviations from intended interventions
	Some concerns

	
	Bias due to missing outcome data
	Low risk

	
	Bias in measurement of the outcome
	Low risk

	
	Bias in selection of the reported result
	Low risk

	
	Overall risk of bias
	Some concerns

	







Comments
	GRADE: Randomization and Allocation concealment: Use of sealed envelopes for allcation concealment; Risk of bias of the single RCT: Because of the absence of blinding in relation to the type of outcome; Methodological and statistical quality: Potential strong selection bias, 24 patients randomized while 196 were expected; ROB2:Bias arising from the randomization process: Use of sealed envelopes for allcation concealment; Bias due to deviations from intended interventions: Some patients that were proned in the control group but their number was not available; Overall risk of bias: Some concerns.

	
Methodological and statistical quality
	
Statistical reporting (CONSORT)
	
GRADE and ROB2 criteria
	
External validity issues

	
Low
	
Adequate
	
GRADE: Serious; ROB2: Some concerns
	
Strong selection bias




	SINGLE RCT QUALITY ASSESSMENT
	
Question: Is prone ventilation in COVID patients, treated with HFNC effective?

	RCT 4
	Parallel
	Superiority
	III

	Mexico
	Lancet RM
	2021
	Centers included

	Patients
	COVID pneumonia and hypoxia
	2

	Treatment
	Cycles of HFNC in prone position for as long and as frequently as possible each day

	Control
	HFNC
	
	

	Outcome
	Intubation within 28 days
	Outcome reported in the trial registration
	

	
	
	Outcome (Clinically important)
	Undesirable effects

	
	Number of patients
	n (%)
	NR %

	Treatment
	216
	65 (30.1)
	NR

	Control
	214
	92 (43) [Expected rate: NA]
	NR

	Total
	430
	157 (36.5)
	NR ()

	delta -12.9 (95%-CI -21.7 to -3.8)
	NNTB 8 (95%-CI NNTB 5 to NNTB 26)

	Sample size calculation not based on this outcome
	p NR (calculated 0.006)
	Power for the observed delta: 0.8
	Power by design: 0.8

	Planned sample size:
	Sample size needed for observed delta: 417
	

	Calculated sample size for predicted delta: not computable
	
GRADE CRITERIA
	

	






Downgrade (GRADE AND ROB2)
	Randomization and Allocation concealment
	Partial

	
	Blinding
	No

	
	Selective outcome reporting
	No

	
	Completement of follow-up/Intention to treat
principle observed
	
Yes

	
	Stopping early for benefit
	No

	
	Risk of bias of the single RCT
	Serious

	
	ROB2 CRITERIA
	

	
	Bias arising from the randomization process
	Some concerns

	
	Bias due to deviations from intended interventions
	Low risk

	
	Bias due to missing outcome data
	Low risk

	
	Bias in measurement of the outcome
	Low risk

	
	Bias in selection of the reported result
	Low risk

	
	Overall risk of bias
	Some concerns

	






Comments
	GRADE: Randomization and Allocation concealment: Use of sealed envelopes for allcation concealment; Risk of bias of the single RCT: Because of the absence of blinding in relation to the type of outcome; ROB2:Bias arising from the randomization process: Use of sealed envelopes for allcation concealment; Bias due to deviations from intended interventions: Although some patients in the control arm were proned the time of exposure seems neglectable compared to the intervention arm; Overall risk of bias: Some concerns;

	
Methodological and statistical quality
	
Statistical reporting (CONSORT)
	
Overall risk of bias
	
External validity issues

	
High
	
Adequate
	
GRADE: Serious; ROB2: Some concerns
	
Only two centers participated




	SINGLE RCT QUALITY ASSESSMENT
	
Question: Is prone ventilation in COVID patients, treated with HFNC effective?

	RCT 5
	Parallel
	Superiority
	

	Spain
	Lancet RM
	2021
	Centers included

	Patients
	COVID pneumonia and hypoxia
	2

	Treatment
	Cycles of HFNC in prone position for as long and as frequently as possible each day

	Control
	HFNC
	
	

	Outcome
	Intubation within 28 days
	Outcome reported in the trial registration
	

	
	
	Outcome (Clinically important)
	Undesirable effects

	
	Number of patients
	n (%)
	NR %

	Treatment
	17
	5 (29.4)
	NR

	Control
	13
	7 (53.8) [Expected rate: NA]
	NR

	Total
	30
	12 (40)
	NR ()

	delta -24.4 (95%-CI -52.5 to 9.8)
	NNTB 4 (95%-CI NNTB 2 to ∞ to NNTH 10)
	

	Sample size calculation not based on this outcome
	p NR (calculated 0.168)
	Power for the observed delta: 0.28
	Power by design: 0.8

	Planned sample size:
	Sample size needed for observed delta: 116
	

	Calculated sample size for predicted delta: not computable
	
GRADE CRITERIA
	

	







Downgrade (GRADE AND ROB2)
	Randomization and Allocation concealment
	Partial

	
	Blinding
	No

	
	Selective outcome reporting
	No

	
	Completement of follow-up/Intention to treat
principle observed
	
Yes

	
	Stopping early for benefit
	No

	
	Risk of bias of the single RCT
	Serious

	
	ROB2 CRITERIA
	

	
	Bias arising from the randomization process
	Some concerns

	
	Bias due to deviations from intended interventions
	Low risk

	
	Bias due to missing outcome data
	Low risk

	
	Bias in measurement of the outcome
	Low risk

	
	Bias in selection of the reported result
	Low risk

	
	Overall risk of bias
	Some concerns

	







Comments
	
GRADE: Randomization and Allocation concealment: Use of sealed envelopes for allcation concealment; Risk of bias of the single RCT: Because of the absence of blinding in relation to the type of outcome; Methodological and statistical quality: Potential strong selection bias, 30 patients randomized while 248 were expected; ROB2:Bias arising from the randomization process: Use of sealed envelopes for allcation concealment; Overall risk of bias: Some concerns;

	
Methodological and statistical quality
	
Statistical reporting (CONSORT)
	
Overall risk of bias
	
External validity issues

	
Low
	
Adequate
	
GRADE: Serious; ROB2: Some concerns
	Only two centers joined the study. Strong selection bias with very few patients enrolled




	SINGLE RCT QUALITY ASSESSMENT
	
Question: Is prone ventilation in COVID patients, treated with HFNC effective?

	RCT 6
	Parallel
	Superiority
	

	USA
	Lancet RM
	2021
	Centers included

	Patients
	COVID pneumonia and hypoxia
	4

	Treatment
	Cycles of HFNC in prone position
	

	Control
	HFNC
	
	

	Outcome
	Intubation within 28 days
	Outcome reported in the trial registration
	

	
	
	Outcome (Clinically important)
	Undesirable effects

	
	Number of patients
	n (%)
	NR %

	Treatment
	112
	38 (33.9)
	NR

	Control
	110
	39 (35.5) [Expected rate: NA]
	NR

	Total
	222
	77 (34.7)
	NR ()

	delta -1.5 (95%-CI -13.9 to 10.9)
	NNTB 66 (95%-CI NNTB 7 to ∞ to NNTH 9)

	Sample size calculation not based on this outcome
	p NR (calculated 0.812)
	Power for the observed delta: 0.04
	Power by design: 0.8

	Planned sample size:
	Sample size needed for observed delta: 29638
	

	Calculated sample size for predicted delta: not computable
	
GRADE CRITERIA
	

	







Downgrade (GRADE AND ROB2)
	Randomization and Allocation concealment
	Partial

	
	Blinding
	No

	
	Selective outcome reporting
	No

	
	Completement of follow-up/Intention to treat
principle observed
	
Yes

	
	Stopping early for benefit
	No

	
	Risk of bias of the single RCT
	Serious

	
	ROB2 CRITERIA
	

	
	Bias arising from the randomization process
	Some concerns

	
	Bias due to deviations from intended interventions
	Some concerns

	
	Bias due to missing outcome data
	Low risk

	
	Bias in measurement of the outcome
	Low risk

	
	Bias in selection of the reported result
	Low risk

	
	Overall risk of bias
	Some concerns

	







Comments
	GRADE: Randomization and Allocation concealment: Use of sealed envelopes for allcation concealment; Risk of bias of the single RCT: Because of the absence of blinding in relation to the type of outcome; ROB2:Bias arising from the randomization process: Use of sealed envelopes for allcation concealment; Bias due to deviations from intended interventions: Some patients that were proned in the control group but their number was not available; Overall risk of bias: Some concerns.

	
Methodological and statistical quality
	
Statistical reporting (CONSORT)
	
Overall risk of bias
	
External validity issues

	
High
	
Adequate
	
GRADE: Serious; ROB2: Some concerns
	




	SINGLE RCT QUALITY ASSESSMENT
	
Question: Is prone ventilation in COVID patients, treated with HFNC effective?

	RCT 7
	Parallel
	Superiority
	

	Rosén
	CC
	2021
	Centers included

	Patients
	COVID pneumonia and hypoxia
	3

	Treatment
	Cycles of prone position with or without HFNC
	

	Control
	HFNC or low flow O2
	
	

	Outcome
	Intubation within 30 days
	Outcome reported in the trial registration
	

	
	
	Outcome (Clinically important)
	Undesirable effects

	
	Number of patients
	n (%)
	NR %

	Treatment
	36
	12 (33.3)
	NR

	Control
	39
	13 (33.3) [Expected rate: 88 %]
	NR

	Total
	75
	25 (33.3)
	NR ()

	delta 0 (95%-CI -20.5 to 20.7)
	NNTB/ NNTH ∞ (95%-CI NNTB 5 to ∞ to NNTH 5)

	Expected delta: -20
	p 0.99 (calculated 1)
	Power for the observed delta: 0.03
	Power by design: 0.9

	Planned sample size: 224
	#VALUE!
	
	

	Calculated sample size for predicted delta: 170
	
GRADE CRITERIA
	

	







Downgrade (GRADE AND ROB2)
	Randomization and Allocation concealment
	Yes

	
	Blinding
	No

	
	Selective outcome reporting
	No

	
	Completement of follow-up/Intention to treat
principle observed
	
Yes

	
	Stopping early for benefit
	No

	
	Risk of bias of the single RCT
	Serious

	
	ROB2 CRITERIA
	

	
	Bias arising from the randomization process
	Low risk

	
	Bias due to deviations from intended interventions
	Some concerns

	
	Bias due to missing outcome data
	Low risk

	
	Bias in measurement of the outcome
	Low risk

	
	Bias in selection of the reported result
	Low risk

	
	Overall risk of bias
	Some concerns

	







Comments
	

GRADE: Risk of bias of the single RCT: Because of the absence of blinding in relation to the type of outcome; ROB2:Bias due to deviations from intended interventions: Some patients that were proned in the control group but their number was not available; Overall risk of bias: Some concerns;

	
Methodological and statistical quality
	
Statistical reporting (CONSORT)
	
Overall risk of bias
	
External validity issues

	
Low
	
Adequate
	
GRADE: Serious; ROB2: Some concerns
	




	SINGLE RCT QUALITY ASSESSMENT
	
Question: Is prone ventilation in COVID patients, treated with HFNC effective?

	RCT 8
	Parallel
	Superiority
	

	Alhazzani
	JAMA
	2022
	Centers included

	Patients
	COVID pneumonia and hypoxia
	21

	Treatment
	Cycles of HFNC in prone position (17% only O2)
	

	Control
	Cycles of HFNC in supine position (10% only O2)
	

	Outcome
	Intubation within 30 days
	Outcome reported in the trial registration
	

	
	
	Outcome (Clinically important)
	Undesirable effects

	
	Number of patients
	n (%)
	%

	Treatment
	205
	70 (34.1)
	0

	Control
	195
	79 (40.5)
	0

	Total
	400
	149 (37.3)
	#DIV/0!

	delta -6.4 (95%-CI -15.7 to 3.1)
	NNTB 16 (95%-CI NNTB 6 to ∞ to NNTH 32)

	Expected delta: -15
	p 0.2 (calculated 0.188)
	Power for the observed delta: 0.26
	Power by design: 0.8

	Planned sample size: 350
	Sample size needed for observed delta: 1751
	

	Calculated sample size for predicted delta: 340
	
GRADE CRITERIA
	

	







Downgrade (GRADE AND ROB2)
	Randomization and Allocation concealment
	Yes

	
	Blinding
	No

	
	Selective outcome reporting
	No

	
	Completement of follow-up/Intention to treat
principle observed
	
No

	
	Stopping early for benefit
	No

	
	Risk of bias of the single RCT
	Serious

	
	ROB2 CRITERIA
	

	
	Bias arising from the randomization process
	Low risk

	
	Bias due to deviations from intended interventions
	Low risk

	
	Bias due to missing outcome data
	Low risk

	
	Bias in measurement of the outcome
	Low risk

	
	Bias in selection of the reported result
	Low risk

	
	Overall risk of bias
	Low risk

	







Comments
	


GRADE: Risk of bias of the single RCT: Because of the absence of blinding in relation to the type of outcome; ROB2:

	
Methodological and statistical quality
	
Statistical reporting (CONSORT)
	
Overall risk of bias
	
External validity issues

	
High
	
Adequate
	
GRADE: Serious; ROB2: Low risk
	
No





Search Code:
("prone ventilation"[All Fields] OR "pronation"[All Fields] OR ("patient positioning"[MeSH Terms] OR ("patient"[All Fields] AND "positioning"[All Fields]) OR "patient positioning"[All Fields] OR "positioning"[All Fields] OR "position"[All Fields] OR "position s"[All Fields] OR "positional"[All Fields] OR "positioned"[All Fields] OR "positionings"[All Fields] OR "positions"[All Fields]) OR "awake pronation"[All Fields]) AND ("non-invasive ventilation"[All Fields] OR "NIV"[All Fields] OR "CPAP"[All Fields] OR "continuous positive airway pressure"[All Fields] OR "non-intubated"[All Fields] OR "awake"[All Fields]) AND "english"[Language]
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In intubated patients with ARDS, does prone position compared to supine position reduce mortality?

In patients with moderate-severe ARDS, when prone positioning should be started to reduce mortality?






Background
The history of randomized controlled trials in the field of prone ventilation for ARDS spans over twenty-five years. The prone position was, however, already proposed for acute respiratory failure in the seventies, but it became the focus of the interest of clinicians and researchers only twenty years later [1]. The first two trials were started in the late nineties, unfortunately providing negative findings [2, 3]. Over the years, several other trials were conducted, with improved designs on the basis of the critical analysis of previous studies [4-6]. Thus, progressively more hypoxemic patients were selected, the duration of prone ventilation was increased, and protective ventilation was associated with pronation. In 2013 Guerin et al., with the PROSEVA trial, finally were able to demonstrate a clear protective effect of prone ventilation on patients with ARDS [7].
In 2017 the European and North American societies of critical care provided recommendations for the use of prone invasive ventilation in ARDS [8]. They based their recommendations on a meta-analysis of eight RCTs [2-7, 9, 10] and an individual-patient data meta-analysis [11]. The aggregated data meta-analysis provided an overall non- significant result, but in studies that used duration of pronation longer than twelve hours or inclusion PaO2/FiO2 ratios of 200 or lower, meta-analytical evidence of statistically significant mortality reduction was found. However, subgroup analyses in meta-analysis have an exploratory nature, since studies are assigned to a subgroup according to a specific feature, without accounting for the distribution of other confounders.
[image: ]Group 7
ESICM ARDS Consensus and Guidelines
PRONE VENTILATION – INVASIVE VENTILATION

[image: ]Group 7
ESICM ARDS Consensus and Guidelines
PRONE VENTILATION – INVASIVE VENTILATION




Predefinition of covariates and a strong plausible hypothesis improve reliability of subgroup analyses, but the results should still be interpreted cautiously [12].
On the other hand, the individual-patient data meta-analysis [11], that included four studies [2, 3, 5, 6], showed a protective effect in patients with PaO2/FiO2 of 100 mmHg or less. However, this subgroup analysis did not allow to draw any definitive conclusion since the benefits of randomization are not maintained in subgroups [13] and only one study stratified patients according to the degree of hypoxemia [6]. Moreover, in the four studies the daily duration of pronation was seven [2], nine [3], seventeen [5], and nineteen [6] hours, with a number of cycles of 4.7, 4.1, 10.1, and 8.3 days, respectively, discordant with the indications in support of longer prone-ventilation periods.
We thus tried to take a step forward using an approach based on strict definitions of the clinical homogeneity criteria to include RCTs in a meta-analysis with the PROSEVA trial. There were, instead, no RCTs carried on patients with COVID-19 ARDS, so we considered taking in account evidence from non-COVID-19 literature.

We considered the eight trials selected in previous guidelines [2-7, 9, 10], since no further RCTs have been carried out after the PROSEVA trial, without carrying out a dedicated search of the literature. Compared to previous guidelines, however, we excluded the 2004 trial that did not include only ARDS patients [3], nor we used its subgroup of patients with ARDS because the benefits of randomization may be lost when dealing with subgroups unless a stratified randomization is performed [13].

Selected outcomes (and corresponding Forest plots)
The outcome of choice was mortality. All the studies reported short-term mortality, either at 28 days or in the ICU, besides one study that provided only 90-day mortality [10]. This study recruited only forty patients and provided little contribution to overall evidence. We, thus, excluded this study from our first short-term mortality meta- analysis.
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We performed a second analysis including those studies reporting medium-long term outcomes, excluding one study that did not report this outcome [9]. The time for the assessment of outcomes ranged between 2 and 6 months. We recognize the weakness of this analysis compared to the previous one, since it can provide quantitative non- homogeneous findings. On the other hand, early deaths may not provide an exact picture of mortality in a clinical condition that causes long stays in the ICU and in the hospital.

Individual quality of evidence
Our confidence in the reliability of the two trials randomizing less than fifty patients was reduced because of their small sample size (Table 1).
According to the RoB2 (Table 2), for the Taccone 2009 trial [6] we had only some concerns for number of protocol violations that concerned a high number of patients (20.2 and 11.5% in the prone and supine arm, respectively, Table 1) but only a limited fraction of patient days (5.8 and 1.9%, respectively).
All the other trials were considered at low risk of bias (Table 2).
Risk of bias assessment for each RCT is reported at the end of the document in dedicated forms.


Overall quality of evidence
When meta-analyzing the trials together, we found an overall statistically non- significant result for the short-term mortality outcome (Figure 1), as in the 2017 guidelines [8]. According to the GRADE approach this evidence should have led to recommend against the use of prone ventilation, since it a procedure bearing some risks compared to standard of care, with a low level of evidence, after downgrading for imprecision (statistically non-significant finding with wide confidence intervals) and inconsistency.
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Downgrading for inconsistency was justified by the presence of significant heterogeneity. The I2 was of little usefulness, since the estimate was 66 and 65% (for medium-long and short-term mortality), but their confidence intervals ranged from 20 to 86% and 16 and 85%, respectively. This result does not rule out neither a hypothesis of low nor high statistical heterogeneity (Figure 1 and 2).
However, a leave-one-out analysis showed that only when the PROSEVA trial was removed from the analysis, the p-values for effect and for heterogeneity (from the Cochran’s Q statistics) increased simultaneously (Figure 3), clearly identifying the PROSEVA trial as an outlier and the main responsible for the mortality reduction effect in the meta-analysis. Although this is not a formal approach, evidence of difference of effectiveness between the PROSEVA and the other trials was instead supported formally by the positive interaction test (p-values < 0.01 for both outcomes). Replicating these analyses for medium-long term mortality, the results were similar (Figures 2 and 4).
Our confidence in the outlier position of the PROSEVA trial compared to the other trials, was further highlighted by the cumulative meta-analysis conducted for both outcomes (Figure 5 and 6). Indeed, only when the PROSEVA trial is added to the meta-analysis a clear reduction of the relative risk, although not statistically significant, is detected.

These findings led us to base our primary analysis on the PROSEVA trial [7] independently from the other trials, and our secondary analysis on all the trials, regardless our confidence in their quality.
The risk of bias was low according to the GRADE and to the RoB2, and overall evidence could be rated high in favor (Figure 7 and Table 3).
Instead, the secondary analysis provided an overall statistically non-significant result for both short and medium-term mortality. After downgrading for imprecision and inconsistency according to the GRADE, the quality of evidence was rated low against pronation versus standard treatment (Table 3).
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For COVID-19 patients we considered the evidence collected and graded for prone ventilation in non-COVID-19 ARDS, as indirect. Again, we considered the evidence provided by the PROSEVA trial as separately from the other studies. Consistently with the GRADE approach, we rated down one point for indirectness, concluding for moderate evidence in favor (Table 3) [14].
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Figure 1. Meta-analysis concerning mortality at 28 days or in the ICU. Overall results and those considering the PROSEVA trial as a separate subgroup, are depicted.
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Figure 2. Meta-analyses concerning mortality at 28 days or in the ICU (above) and medium-long term mortality (below). Overall results and those considering the PROSEVA trial as a separate subgroup, are depicted.
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Figure 3: Leave-one-out analysis and double p plot (outcome 28-day mortality), illustrating the outlier position of the meta-analysis performed leaving out the PROSEVA trial.
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Figure 4. Leave-one-out analysis and double p plot (outcome 28-day mortality), illustrating the outlier position of the meta-analysis performed leaving out the PROSEVA trial.
[image: ]Group 7
ESICM ARDS Consensus and Guidelines
PRONE VENTILATION – INVASIVE VENTILATION

Group 7
ESICM ARDS Consensus and Guidelines
PRONE VENTILATION – INVASIVE VENTILATION







Figure 5. Cumulative meta-analyses concerning short (above) and medium-long term outcomes.
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Figure 6. Cumulative meta-analyses concerning medium-long term outcomes.
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ROB 2 overall risk of bias

Bias arising from the randomization process Bias due to deviations from intended interventions
Bias due to missing outcome data Bias in measurement of the outcome Bias in selection of the reported result
Overall risk of bias

0%	10%	20%	30%	40%	50%	60%	70%	80%	90%	100%
Low risk	Some concerns	High risk


Figure 7. Overall risk of bias assessment according to the RoB2 method.
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	Gattinoni - NEJM 2001  Mancebo - AJRCCM 2006	Chan - JFMA 2007	Fernandez - ICM 2008	Taccone - JAMA 2009	Guerin - NEJM 2013
Experimental  Control  Experimental  Control  Experimental  Control  Experimental  Control  Experimental  Control  Experimental  Control

	Age (mean, SD)
	59 (17)
	57 (16)
	54 (17)
	54 (16)
	54.7 (21.8)
	69.9 (15.51)
	53.9 (17.9)
	55.3 (14.6)
	NA
	NA
	58 (16)
	60 (16)

	Females (n, %)
	52 (34.2)
	38 (25)
	32 (42.1)
	18 (30)
	2 (18.2)
	2 (18.2)
	9 (42.9)
	6 (31.6)
	NA
	NA
	71 (30)
	77 (33.6)

	Protocol violations (n,
	41 (27)
	12 (7.9)
	NA
	NA
	NA
	NA
	NA
	NA
	34 (20.2)
	20 (11.5%)
	NA
	NA

	%)
	
	
	
	
	
	
	
	
	
	
	
	

	Inclusion P/F (mean)
	300
	300
	200
	200
	200
	200
	200
	200
	200
	200
	150
	150

	Mean P/F (mean, SD)
	125.3 (48.8)
	129.5 (47.5)
	132 (74)
	161 (94)
	111 (62.9)
	107.6 (81)
	113.8 (42.6)
	122.3 (39.9)
	113 (39)
	113 (39)
	100 (30)
	100 (20)

	TV ml/kg (means, SD)
	10.3 (2.7)
	10.3 (2.9)
	8.3 (1.7)
	8.6 (1.6)
	7.75 (0.96)
	7.64 (1.15)
	7.4 (1.1.)
	7.1 (1.1)
	8 (1.7)
	8 (1.7)
	6.1 (0.6)
	6.1 (0.6)

	Duration of pronation
	7 (1.8)
	
	17 (NA)
	
	24 (NA)
	
	NA
	
	18 (4)
	
	17 (3)
	

	hours/day (mean, SD)
	
	
	
	
	
	
	
	
	
	
	
	

	Duration of pronation
	NA
	
	10 (10.3)
	
	3
	
	NA
	
	8.4 (6.3)
	
	4 (4)
	

	days (mean, SD)
	
	
	
	
	
	
	
	
	
	
	
	

	Centers included
	28
	13
	1
	17
	25
	26

	start date
	01/12/1996
	01/12/1998
	01/09/2002
	01/09/2003
	02/02/2004
	01/01/2008

	end date
	31/10/1999
	30/09/2002
	31/12/2003
	30/09/2004
	30/06/2008
	25/07/2011

	duration (days)
	1064
	1399
	486
	395
	1610
	1301

	n pts/centre/year
	4
	3
	17
	2
	3
	5


Table 1. Main characteristics of the studies.
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ROB2
	
Bias arising	Bias due to	Bias due			Bias in from the	 deviations		mito ng	me Bias in nt	selection
randomization	from intended	ssi	asureme	of the
process	interventions	outcome	of the outcome	reported
data	result
	

Overall risk of bias

	Gattinoni NEJM-2001 Voggenreiter JT-2005 Mancebo AJRCCM-2006 Fernandez ICM-2008 Taccone JAMA-2009
Guerin NEJM-2013
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Table 2. Risk of bias assessed for individual trials according to the RoB2 method.
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	Non COVID
	Overall quality assessment

	Outcome
	N. of RCTs
	Treatment n (%)
	Control n (%)
	Relative Risk
[95%-CI]
	Risk of bias
	Inconsistency
	Indirectness
	Imprecision
	Publication
bias
	Quality

	28-day or ICU mortality
	6
	212/665 (31.9)
	254/645 (39.4)
	0.83 [0.66, 1.05]
	No
	Serious
	No
	Serious
	No
	✚✚☐☐
Low
	Against

	middle-long term mortality
	6
	271/675 (40.1)
	319/653 (48.9)
	0.81 [0.64, 1.02]
	No
	Serious
	No
	Serious
	No
	✚✚☐☐
Low
	Against

	28-day mortality
	1
	38/237 (16)
	75/229 (32.8)
	0.49 [0.35, 0.69]
	No
	No
	No
	No
	No
	✚✚✚✚
High
	In favor

	90-day mortality
	1
	56/237 (23.6)
	94/229 (41)
	0.58 [0.44, 0.76]
	No
	No
	No
	No
	No
	✚✚✚✚
High
	In favor



	COVID
	Overall quality assessment

	Outcome
	N. of RCTs
	Treatment n (%)
	Control n (%)
	Relative Risk
[95%-CI]
	Risk of bias
	Inconsistency
	Indirectness
	Imprecision
	Publication
bias
	Quality

	28-day or ICU mortality
	6

6
	212/665 (31.9)

271/675 (40.1)
	254/645 (39.4)

319/653 (48.9)
	0.83 [0.66, 1.05]

0.81 [0.64, 1.02]
	No

No
	Serious

Serious
	Serious

Serious
	Serious

Serious
	No

No
	✚☐☐☐
Very low
✚☐☐☐
Very low
	Against

Against

	middle-long term mortality
	
	
	
	
	
	
	
	
	
	
	

	28-day mortality
	1
	38/237 (16)
	75/229 (32.8)
	0.49 [0.35, 0.69]
	No
	No
	Serious
	No
	No
	✚✚✚☐
Moderate
	In favor

	90-day mortality
	1
	56/237 (23.6)
	94/229 (41)
	0.58 [0.44, 0.76]
	No
	No
	Serious
	No
	No
	✚✚✚☐
Moderate
	In favor



Table 3: GRADE overall assessment in two different analyses focusing on all RCTs and on the PROSEVA trial alone. Two outcomes, short and medium-long term mortality have been considered. On top direct evidence for non-COVID-19 ARDS, below indirect evidence for COVID-19 patients.
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	SINGLE RCT QUALITY ASSESSMENT
	
Question: Is invasive prone ventilation effective in ARDS?

	RCT 1
	Parallel
	Superiority
	III

	Gattinoni
	NEJM
	2001
	Centers included

	Patients
	ARDS P/F =< 200 & PEEP >= 5, P/F =< 300 & PEEP >=10
	28

	Treatment
	Prone ventilation at least 6 hours/day for 10 days
	

	Control
	Supine ventilation 24 hours/day
	

	Outcome
	ICU mortality
	Unregistered trial
	

	
	
	Outcome quality: Clinically important
	Undesirable effects

	
	Number of patients
	n (%)
	related to position %

	Treatment
	152
	77 (50.7)
	NR

	Control
	152
	73 (48) [Expected rate: NA]
	NR

	Total
	304
	150 (49.3)
	NR ()

	delta 2.6 (95%-CI -8.5 to 13.7)
	NNTH 38 (95%-CI NNTB 12 to ∞ to NNTH 7)

	Sample size calculation not based on this outcome
	p for effect size NR (calculated 0.646)
	Power for the observed delta: 0.07
	Power by design: 0.8

	Planned sample size:
	Sample size needed for observed delta: 10990
	

	Calculated sample size for predicted delta: not computable
	
GRADE CRITERIA
	

	







Downgrade (GRADE AND ROB2)
	Randomization and Allocation concealment
	Yes

	
	Blinding
	No

	
	Selective outcome reporting
	No

	
	Completement of follow-up/Intention to treat
principle observed
	
Yes

	
	Stopping early for benefit
	No

	
	Risk of bias of the single RCT
	No

	
	ROB2 CRITERIA
	

	
	Bias arising from the randomization process
	Low risk

	
	Bias due to deviations from intended interventions
	Low risk

	
	Bias due to missing outcome data
	Low risk

	
	Bias in measurement of the outcome
	Low risk

	
	Bias in selection of the reported result
	Low risk

	
	Overall risk of bias
	Low risk

	







Comments
	GRADE: Blinding: The mortality rate should not be affected by lack of blinding; ROB2:Bias due to deviations from intended interventions: Few cycles of pronation were not perfromed, although thye concerned 41% of patients in the intervention arm, few patients crossed over to pronation in the supine group; Overall risk of bias: Low risk.

	
Methodological and statistical quality
	
Statistical reporting (CONSORT)
	
Overall risk of bias
	
External validity issues

	High
	Adequate
	GRADE: No; ROB2: Low risk
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	SINGLE RCT QUALITY ASSESSMENT
	
Question: Is invasive prone ventilation effective in ARDS?

	RCT 4
	Parallel
	Superiority
	III

	Mancebo
	AJRCCM
	2006
	Centers included

	Patients
	ARDS P/F =< 200
	
	13

	Treatment
	Prone vemtilation
	
	

	Control
	Supine ventilation
	
	

	Outcome
	ICU mortality
	Unregistered trial
	

	
	
	Outcome quality: Clinically important
	Undesirable effects

	
	Number of patients
	n (%)
	related to position %

	Treatment
	76
	33 (43.4)
	NR

	Control
	60
	35 (58.3) [Expected rate: 50 %]
	NR

	Total
	136
	68 (50)
	NR ()

	delta -14.9 (95%-CI -30.6 to 1.9)
	NNTB 7 (95%-CI NNTB 3 to ∞ to NNTH 51)

	Expected delta: -20
	p 0.12 (calculated 0.08)
	Power for the observed delta: 0.42
	Power by design: 0.8

	Planned sample size: 400
	Sample size needed for observed delta: 335
	

	Calculated sample size for predicted delta: 181
	
GRADE CRITERIA
	

	






Downgrade (GRADE AND ROB2)
	Randomization and Allocation concealment
	No

	
	Blinding
	Yes

	
	Selective outcome reporting
	No

	
	Completement of follow-up/Intention to treat
principle observed
	
Yes

	
	Stopping early for benefit
	Yes

	
	Risk of bias of the single RCT
	No

	
	ROB2 CRITERIA
	

	
	Bias arising from the randomization process
	Low risk

	
	Bias due to deviations from intended interventions
	Low risk

	
	Bias due to missing outcome data
	Low risk

	
	Bias in measurement of the outcome
	Low risk

	
	Bias in selection of the reported result
	Low risk

	
	Overall risk of bias
	Low risk

	






Comments
	GRADE: Blinding: The mortality rate should not be affected by lack of blinding; Methodological and statistical quality: Study interrupted prematurely for the unwillingness of the personell to randomize patients' to the control arm ; ROB2:Overall risk of bias: Low risk.

	
Methodological and statistical quality
	
Statistical reporting (CONSORT)
	
Overall risk of bias
	
External validity issues

	Low
	Adequate
	GRADE: No; ROB2: Low risk
	Few patients enrolled yearly, potential selection bias
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	SINGLE RCT QUALITY ASSESSMENT
	
Question: Is invasive prone ventilation effective in ARDS?

	RCT 5
	Parallel
	Superiority
	

	Chan
	JFMA
	2007
	Centers included

	Patients
	ARDS patients with P/F =< 200
	1

	Treatment
	Prone ventilation continuously for at least 3 days
	

	Control
	Supine ventilation
	
	

	Outcome
	28-day mortality
	Unregistered trial
	

	
	
	Outcome quality: Clinically important
	Undesirable effects

	
	Number of patients
	n (%)
	related to position %

	Treatment
	11
	4 (36.4)
	NR

	Control
	11
	4 (36.4) [Expected rate: NA]
	NR

	Total
	22
	8 (36.4)
	NR ()

	delta 0 (95%-CI -35.3 to 35.3)
	NNTB/ NNTH ∞ (95%-CI NNTB 3 to ∞ to NNTH 3)
	

	Expected delta not reported
	p NR (calculated 1)
	Power for the observed delta: 0.03
	Power by design: 0.8

	No sample size calculation
	#VALUE!
	
	

	Calculated sample size for predicted delta: not computable
	
GRADE CRITERIA
	

	







Downgrade (GRADE AND ROB2)
	Randomization and Allocation concealment
	No

	
	Blinding
	No

	
	Selective outcome reporting
	No

	
	Completement of follow-up/Intention to treat
principle observed
	
Yes

	
	Stopping early for benefit
	No

	
	Risk of bias of the single RCT
	Serious

	
	ROB2 CRITERIA
	

	
	Bias arising from the randomization process
	High risk

	
	Bias due to deviations from intended interventions
	Low risk

	
	Bias due to missing outcome data
	Low risk

	
	Bias in measurement of the outcome
	Low risk

	
	Bias in selection of the reported result
	Low risk

	
	Overall risk of bias
	High risk

	







Comments
	
GRADE: Blinding: The mortality rate should not be affected by lack of blinding; Methodological and statistical quality: Small study, no sample size calculation, with issues concerning allocation concealment; ROB2:Overall risk of bias: High risk.

	
Methodological and statistical quality
	
Statistical reporting (CONSORT)
	
Overall risk of bias
	
External validity issues

	Low
	Partial but sufficient for quality assessment
	GRADE: Serious; ROB2: High risk
	Single center study
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	SINGLE RCT QUALITY ASSESSMENT
	
Question: Is invasive prone ventilation effective in ARDS?

	RCT 6
	Parallel
	Superiority
	

	Fernandez
	ICM
	2008
	Centers included

	Patients
	ARDS patients with P/F =< 200
	17

	Treatment
	Prone ventilation at least 20 hours/day
	

	Control
	Supine ventilation
	
	

	Outcome
	ICU mortality
	Unregistered trial
	

	
	
	Outcome quality: Clinically important
	Undesirable effects

	
	Number of patients
	n (%)
	%

	Treatment
	21
	8 (38.1)
	NR

	Control
	19
	10 (52.6) [Expected rate: NA]
	NR

	Total
	40
	18 (45)
	NR ()

	delta -14.5 (95%-CI -41 to 15.1)
	NNTB 7 (95%-CI NNTB 2 to ∞ to NNTH 7)

	Sample size calculation not based on this outcome
	p 0.3 (calculated 0.352)
	Power for the observed delta: 0.15
	Power by design: 0.8

	Planned sample size:
	Sample size needed for observed delta: 350
	

	Calculated sample size for predicted delta: not computable
	
GRADE CRITERIA
	

	







Downgrade (GRADE AND ROB2)
	Randomization and Allocation concealment
	Yes

	
	Blinding
	No

	
	Selective outcome reporting
	No

	
	Completement of follow-up/Intention to treat
principle observed
	
Yes

	
	Stopping early for benefit
	No

	
	Risk of bias of the single RCT
	No

	
	ROB2 CRITERIA
	

	
	Bias arising from the randomization process
	Low risk

	
	Bias due to deviations from intended interventions
	Low risk

	
	Bias due to missing outcome data
	Low risk

	
	Bias in measurement of the outcome
	Low risk

	
	Bias in selection of the reported result
	Low risk

	
	Overall risk of bias
	Low risk

	







Comments
	
GRADE: Blinding: The mortality rate should not be affected by lack of blinding; Methodological and statistical quality: Very small sample size, interrupted prematurely because unable to rectuit patients; ROB2:Overall risk of bias: Low risk.

	
Methodological and statistical quality
	
Statistical reporting (CONSORT)
	
Overall risk of bias
	
External validity issues

	Low
	Partial but sufficient for quality assessment
	GRADE: No; ROB2: Low risk
	Possible selection bias
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	SINGLE RCT QUALITY ASSESSMENT
	
Question: Is invasive prone ventilation effective in ARDS?

	RCT 7
	0
	0
	

	Taccone
	JAMA
	2009
	Centers included

	Patients
	ARDS patients with P/F =< 200
	25

	Treatment
	Prone ventilation at least 20 hours/day
	

	Control
	Supine ventilation
	
	

	Outcome
	28-day mortality
	Outcome reported in the trial registration
	

	
	
	Outcome quality: Clinically important
	Undesirable effects

	
	Number of patients
	n (%)
	related to position %

	Treatment
	168
	52 (31)
	NR

	Control
	174
	57 (32.8) [Expected rate: 50 %]
	NR

	Total
	342
	109 (31.9)
	NR ()

	delta -1.8 (95%-CI -11.6 to 8)
	NNTB 55 (95%-CI NNTB 9 to ∞ to NNTH 12)

	Expected delta: -15
	p 0.72 (calculated 0.72)
	Power for the observed delta: 0.05
	Power by design: 0.8

	Planned sample size: 340
	Sample size needed for observed delta: 20266
	

	Calculated sample size for predicted delta: 333
	
GRADE CRITERIA
	

	







Downgrade (GRADE AND ROB2)
	Randomization and Allocation concealment
	Yes

	
	Blinding
	No

	
	Selective outcome reporting
	No

	
	Completement of follow-up/Intention to treat
principle observed
	
Yes

	
	Stopping early for benefit
	No

	
	Risk of bias of the single RCT
	No

	
	ROB2 CRITERIA
	

	
	Bias arising from the randomization process
	Low risk

	
	Bias due to deviations from intended interventions
	High risk

	
	Bias due to missing outcome data
	Low risk

	
	Bias in measurement of the outcome
	Low risk

	
	Bias in selection of the reported result
	Low risk

	
	Overall risk of bias
	High risk

	







Comments
	GRADE: Blinding: The mortality rate should not be affected by lack of blinding;
ROB2:Bias due to deviations from intended interventions: 34 patients in the intervention group (20.2%) did not receive the planned treatment, for a total of of 160 of 2760 patient-days (5.8%) of protocol violation. 20 patients (11.5%) for a total of 51 of 2764 patient-days (1.9%) of protocol violation.; Overall risk of bias: High risk.

	
Methodological and statistical quality
	
Statistical reporting (CONSORT)
	
Overall risk of bias
	
External validity issues

	High
	Adequate
	GRADE: No; ROB2: High risk
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	SINGLE RCT QUALITY ASSESSMENT
	
Question: Is invasive prone ventilation effective in ARDS?

	RCT 8
	Parallel
	Superiority
	

	Guerin
	NEJM
	2013
	Centers included

	Patients
	ARDS with po/F =< 200
	
	26

	Treatment
	Prone ventilation for at least 16 hours/day
	

	Control
	Supine ventilation
	
	

	Outcome
	28-day mortality
	Outcome reported in the trial registration
	

	
	
	Outcome quality: Clinically important
	Undesirable effects

	
	Number of patients
	n (%)
	related to position %

	Treatment
	237
	38 (16)
	NR

	Control
	229
	75 (32.8) [Expected rate: 60 %]
	NR

	Total
	466
	113 (24.2)
	NR ()

	delta -16.7 (95%-CI -24.3 to -9)
	NNTB 6 (95%-CI NNTB 4 to NNTB 11)

	Expected delta: -15
	p < 0.001 (calculated < 0.000
	Power for the observed delta: 0.99
	Power by design: 0.9

	Planned sample size: 456
	Sample size needed for observed delta: 208
	

	Calculated sample size for predicted delta: 455
	
GRADE CRITERIA
	

	







Downgrade (GRADE AND ROB2)
	Randomization and Allocation concealment
	No

	
	Blinding
	Yes

	
	Selective outcome reporting
	No

	
	Completement of follow-up/Intention to treat
principle observed
	
Yes

	
	Stopping early for benefit
	No

	
	Risk of bias of the single RCT
	No

	
	ROB2 CRITERIA
	

	
	Bias arising from the randomization process
	Low risk

	
	Bias due to deviations from intended interventions
	Low risk

	
	Bias due to missing outcome data
	Low risk

	
	Bias in measurement of the outcome
	Low risk

	
	Bias in selection of the reported result
	Low risk

	
	Overall risk of bias
	Low risk

	







Comments
	
GRADE: Blinding: The mortality rate should not be affected by lack of blinding; ROB2:

	
Methodological and statistical quality
	
Statistical reporting (CONSORT)
	
Overall risk of bias
	
External validity issues

	High
	Adequate
	GRADE: No; ROB2: Low risk
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	SINGLE RCT QUALITY ASSESSMENT
	
Question: Is invasive prone ventilation effective in ARDS?

	RCT 1
	Parallel
	Superiority
	III

	Gattinoni
	NEJM
	2001
	Centers included

	Patients
	ARDS P/F =< 200 & PEEP >= 5, P/F =< 300 & PEEP >=10
	28

	Treatment
	Prone ventilation at least 6 hours/day for 10 days
	

	Control
	Supine ventilation 24 hours/day
	

	Outcome
	6-month mortality
	Unregistered trial
	

	
	
	Outcome quality: Clinically important
	Undesirable effects

	
	Number of patients
	n (%)
	related to position %

	Treatment
	152
	95 (62.5)
	NR

	Control
	152
	89 (58.6) [Expected rate: NA]
	NR

	Total
	304
	184 (60.5)
	NR ()

	delta 3.9 (95%-CI -7 to 14.7)
	NNTH 25 (95%-CI NNTB 14 to ∞ to NNTH 7)

	Sample size calculation not based on this outcome
	p NR (calculated 0.482)
	Power for the observed delta: 0.1
	Power by design: 0.8

	Planned sample size:
	Sample size needed for observed delta: 4664
	

	Calculated sample size for predicted delta: not computable
	
GRADE CRITERIA
	

	







Downgrade (GRADE AND ROB2)
	Randomization and Allocation concealment
	Yes

	
	Blinding
	No

	
	Selective outcome reporting
	No

	
	Completement of follow-up/Intention to treat
principle observed
	
Yes

	
	Stopping early for benefit
	No

	
	Risk of bias of the single RCT
	No

	
	ROB2 CRITERIA
	

	
	Bias arising from the randomization process
	Low risk

	
	Bias due to deviations from intended interventions
	Low risk

	
	Bias due to missing outcome data
	Low risk

	
	Bias in measurement of the outcome
	Low risk

	
	Bias in selection of the reported result
	Low risk

	
	Overall risk of bias
	Low risk

	







Comments
	GRADE: Blinding: The mortality rate should not be affected by lack of blinding; ROB2:Bias due to deviations from intended interventions: Few cycles of pronation were not perfromed, although thye concerned 41% of patients in the intervention arm, few patients crossed over to pronation in the supine group; Overall risk of bias: Low risk.

	
Methodological and statistical quality
	
Statistical reporting (CONSORT)
	
Overall risk of bias
	
External validity issues

	High
	Adequate
	GRADE: No; ROB2: Low risk
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	SINGLE RCT QUALITY ASSESSMENT
	
Question: Is invasive prone ventilation effective in ARDS?

	RCT 3
	Parallel
	Superiority
	III

	Voggenreiter
	JT
	2005
	Centers included

	Patients
	ARDS from trauma with P/F =< 300
	2

	Treatment
	Prone ventilation at least 8 hours/day
	

	Control
	Supine ventilation
	
	

	Outcome
	90-day mortality
	Unregistered trial
	

	
	
	Outcome quality: Clinically important
	Undesirable effects

	
	Number of patients
	n (%)
	%

	Treatment
	21
	1 (4.8)
	NR

	Control
	19
	3 (15.8) [Expected rate: NA]
	NR

	Total
	40
	4 (10)
	NR ()

	delta -11 (95%-CI -33.2 to 9.6)
	NNTB 9 (95%-CI NNTB 3 to ∞ to NNTH 10)

	Expected delta not reported
	p 0.27 (calculated 0.25)
	Power for the observed delta: 0.21
	Power by design: 0.8

	No sample size calculation
	Sample size needed for observed delta: 223
	

	Calculated sample size for predicted delta: not computable
	
GRADE CRITERIA
	

	







Downgrade (GRADE AND ROB2)
	Randomization and Allocation concealment
	Yes

	
	Blinding
	No

	
	Selective outcome reporting
	No

	
	Completement of follow-up/Intention to treat
principle observed
	
Yes

	
	Stopping early for benefit
	No

	
	Risk of bias of the single RCT
	No

	
	ROB2 CRITERIA
	

	
	Bias arising from the randomization process
	Low risk

	
	Bias due to deviations from intended interventions
	Low risk

	
	Bias due to missing outcome data
	Low risk

	
	Bias in measurement of the outcome
	Low risk

	
	Bias in selection of the reported result
	Low risk

	
	Overall risk of bias
	Low risk

	







Comments
	
GRADE: Blinding: The mortality rate should not be affected by lack of blinding; Methodological and statistical quality: Small study, without sample size calculation, no protocol provided; ROB2:Overall risk of bias: Low risk.

	
Methodological and statistical quality
	
Statistical reporting (CONSORT)
	
GRADE and ROB2 criteria
	
External validity issues

	Low
	Partial but sufficient for quality assessment
	GRADE: No; ROB2: Low risk
	Trauma patients enrolled in two centers
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	SINGLE RCT QUALITY ASSESSMENT
	
Question: Is invasive prone ventilation effective in ARDS?

	RCT 4
	Parallel
	Superiority
	III

	Mancebo
	AJRCCM
	2006
	Centers included

	Patients
	ARDS P/F =< 200
	
	13

	Treatment
	Prone vemtilation
	
	

	Control
	Supine ventilation
	
	

	Outcome
	60-day mortality
	Unregistered trial
	

	
	
	Outcome quality: Clinically important
	Undesirable effects

	
	Number of patients
	n (%)
	related to position %

	Treatment
	76
	38 (50)
	NR

	Control
	60
	37 (61.7) [Expected rate: 50 %]
	NR

	Total
	136
	75 (55.1)
	NR ()

	delta -11.7 (95%-CI -27.4 to 5.1)
	NNTB 9 (95%-CI NNTB 4 to ∞ to NNTH 20)

	Expected delta: -20
	p NR (calculated 0.17)
	Power for the observed delta: 0.28
	Power by design: 0.8

	Planned sample size: 400
	Sample size needed for observed delta: 544
	

	Calculated sample size for predicted delta: 181
	
GRADE CRITERIA
	

	






Downgrade (GRADE AND ROB2)
	Randomization and Allocation concealment
	No

	
	Blinding
	Yes

	
	Selective outcome reporting
	No

	
	Completement of follow-up/Intention to treat
principle observed
	
Yes

	
	Stopping early for benefit
	Yes

	
	Risk of bias of the single RCT
	No

	
	ROB2 CRITERIA
	

	
	Bias arising from the randomization process
	Low risk

	
	Bias due to deviations from intended interventions
	Low risk

	
	Bias due to missing outcome data
	Low risk

	
	Bias in measurement of the outcome
	Low risk

	
	Bias in selection of the reported result
	Low risk

	
	Overall risk of bias
	Low risk

	






Comments
	
GRADE: Blinding: The mortality rate should not be affected by lack of blinding; Methodological and statistical quality: Study interrupted prematurely for the unwillingness of the personell to randomize patients' to the control arm ; ROB2:Overall risk of bias: Low risk.

	
Methodological and statistical quality
	
Statistical reporting (CONSORT)
	
Overall risk of bias
	
External validity issues

	Low
	Adequate
	GRADE: No; ROB2: Low risk
	Few patients enrolled yearly, potential selection bias
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	SINGLE RCT QUALITY ASSESSMENT
	
Question: Is invasive prone ventilation effective in ARDS?

	RCT 6
	Parallel
	Superiority
	

	Fernandez
	ICM
	2008
	Centers included

	Patients
	ARDS patients with P/F =< 200
	17

	Treatment
	Prone ventilation at least 20 hours/day
	

	Control
	Supine ventilation
	
	

	Outcome
	60-day mortality
	Unregistered trial
	

	
	
	Outcome quality: Clinically important
	Undesirable effects

	
	Number of patients
	n (%)
	%

	Treatment
	21
	8 (38.1)
	NR

	Control
	19
	10 (52.6) [Expected rate: NA]
	NR

	Total
	40
	18 (45)
	NR ()

	delta -14.5 (95%-CI -41 to 15.1)
	NNTB 7 (95%-CI NNTB 2 to ∞ to NNTH 7)

	Sample size calculation not based on this outcome
	p 0.3 (calculated 0.352)
	Power for the observed delta: 0.15
	Power by design: 0.8

	Planned sample size:
	Sample size needed for observed delta: 350
	

	Calculated sample size for predicted delta: not computable
	
GRADE CRITERIA
	

	







Downgrade (GRADE AND ROB2)
	Randomization and Allocation concealment
	Yes

	
	Blinding
	No

	
	Selective outcome reporting
	No

	
	Completement of follow-up/Intention to treat
principle observed
	
Yes

	
	Stopping early for benefit
	No

	
	Risk of bias of the single RCT
	No

	
	ROB2 CRITERIA
	

	
	Bias arising from the randomization process
	Low risk

	
	Bias due to deviations from intended interventions
	Low risk

	
	Bias due to missing outcome data
	Low risk

	
	Bias in measurement of the outcome
	Low risk

	
	Bias in selection of the reported result
	Low risk

	
	Overall risk of bias
	Low risk

	







Comments
	
GRADE: Blinding: The mortality rate should not be affected by lack of blinding; Methodological and statistical quality: Very small sample size, interrupted prematurely because unable to rectuit patients; ROB2:Overall risk of bias: Low risk.

	
Methodological and statistical quality
	
Statistical reporting (CONSORT)
	
Overall risk of bias
	
External validity issues

	Low
	Partial but sufficient for quality assessment
	GRADE: No; ROB2: Low risk
	Possible selection bias
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	SINGLE RCT QUALITY ASSESSMENT
	
Question: Is invasive prone ventilation effective in ARDS?

	RCT 7
	0
	0
	

	Taccone
	JAMA
	2009
	Centers included

	Patients
	ARDS patients with P/F =< 200
	25

	Treatment
	Prone ventilation at least 20 hours/day
	

	Control
	Supine ventilation
	
	

	Outcome
	6-month mortality
	Outcome reported in the trial registration
	

	
	
	Outcome quality: Clinically important
	Undesirable effects

	
	Number of patients
	n (%)
	related to position %

	Treatment
	168
	79 (47)
	NR

	Control
	174
	91 (52.3) [Expected rate: 50 %]
	NR

	Total
	342
	170 (49.7)
	NR ()

	delta -5.3 (95%-CI -15.7 to 5.3)
	NNTB 19 (95%-CI NNTB 6 to ∞ to NNTH 19)

	Expected delta: -15
	p 0.33 (calculated 0.328)
	Power for the observed delta: 0.16
	Power by design: 0.8

	Planned sample size: 340
	Sample size needed for observed delta: 2730
	

	Calculated sample size for predicted delta: 333
	
GRADE CRITERIA
	

	







Downgrade (GRADE AND ROB2)
	Randomization and Allocation concealment
	Yes

	
	Blinding
	No

	
	Selective outcome reporting
	No

	
	Completement of follow-up/Intention to treat
principle observed
	
Yes

	
	Stopping early for benefit
	No

	
	Risk of bias of the single RCT
	No

	
	ROB2 CRITERIA
	

	
	Bias arising from the randomization process
	Low risk

	
	Bias due to deviations from intended interventions
	Some concerns

	
	Bias due to missing outcome data
	Low risk

	
	Bias in measurement of the outcome
	Low risk

	
	Bias in selection of the reported result
	Low risk

	
	Overall risk of bias
	Some concerns

	







Comments
	GRADE: Blinding: The mortality rate should not be affected by lack of blinding; ROB2:Bias due to deviations from intended interventions: 34 patients in the intervention group (20.2%) did not receive the planned treatment, for a total of of 160 of 2760 patient-days (5.8%) of protocol violation. 20 patients (11.5%) for a total of 51 of 2764 patient-days (1.9%) of protocol violation.; Overall risk of bias: Some concerns.

	
Methodological and statistical quality
	
Statistical reporting (CONSORT)
	
Overall risk of bias
	
External validity issues

	High
	Adequate
	GRADE: No; ROB2: Some concerns
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	SINGLE RCT QUALITY ASSESSMENT
	
Question: Is invasive prone ventilation effective in ARDS?

	RCT 8
	Parallel
	Superiority
	

	Guerin
	NEJM
	2013
	Centers included

	Patients
	ARDS with P/F =< 200
	
	26

	Treatment
	Prone ventilation for at least 16 hours/day
	

	Control
	Supine ventilation
	
	

	Outcome
	90-day mortality
	Outcome reported in the trial registration
	

	
	
	Outcome quality: Clinically important
	Undesirable effects

	
	Number of patients
	n (%)
	pressure ulcers %

	Treatment
	237
	56 (23.6)
	48.9

	Control
	229
	94 (41) [Expected rate: NA]
	34.5

	Total
	466
	150 (32.2)
	41.8 (p 0.002)

	delta -17.4 (95%-CI -25.6 to -8.9)
	NNTB 6 (95%-CI NNTB 4 to NNTB 11)

	Sample size calculation not based on this outcome
	p for effect size < 0.001 (calculated < 0.0001)
	Power for the observed delta: 0.98
	Power by design: 0.9

	Planned sample size:
	Sample size needed for observed delta: 228
	

	Calculated sample size for predicted delta: not computable
	
GRADE CRITERIA
	

	







Downgrade (GRADE AND ROB2)
	Randomization and Allocation concealment
	No

	
	Blinding
	Yes

	
	Selective outcome reporting
	No

	
	Completement of follow-up/Intention to treat
principle observed
	
Yes

	
	Stopping early for benefit
	No

	
	Risk of bias of the single RCT
	No

	
	ROB2 CRITERIA
	

	
	Bias arising from the randomization process
	Low risk

	
	Bias due to deviations from intended interventions
	Low risk

	
	Bias due to missing outcome data
	Low risk

	
	Bias in measurement of the outcome
	Low risk

	
	Bias in selection of the reported result
	Low risk

	
	Overall risk of bias
	Low risk

	







Comments
	

GRADE: Blinding: The mortality rate should not be affected by lack of blinding; ROB2:

	
Methodological and statistical quality
	
Statistical reporting (CONSORT)
	
Overall risk of bias
	
External validity issues

	High
	Adequate
	GRADE: No; ROB2: Low risk
	No
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Does the routine use of a continuous infusion of neuromuscular blocking agents (NMBA) in patients with moderate to severe ARDS not due to COVID-19 or moderate to severe ARDS due to COVID-19 reduce mortality?

Literature search and synthesis
From the literature search we retrieved five randomized controlled trials [1-5] (Figure 1). The main characteristics of the studies are reported in Table 1.
We performed different analyses according to the different outcomes that were considered.

Patients and interventions
The inclusion criteria were similar in three studies [3-5]: patients with respiratory failure lasting less than 48 hours, with a PaO2/FiO2 ratio less than 150 mmHg, with a PEEP of 5 or 8 cmH2O. The intervention consisted in continuous infusion of neuromuscular blockade agents after a loading dose. The drug of choice was cisatracurium given as an intravenous bolus of 15 mg followed by a continuous infusion of 37.5 mg per hour for 48 hours.
The other two studies had similar inclusion criteria and treatment protocols: however, one randomized patients with a PaO2/FiO2 ratio less than 200 mmHg [1], and both used lower initial doses of cisatracurium but the infusion was titrated in relation to the clinical response [1, 2].

Selected outcomes (and corresponding Forest plots)
The main outcome was hospital mortality by day 90, which was reported only in the two largest trials [4, 5].
We also considered 28-day or ICU mortality, that was available for all the studies. This outcome, however, is less reliable because deaths at 28 days are likely to substantially
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underestimate the mortality at hospital discharge, when the acute phase of the disease is finished. This is especially true for conditions requiring long stays in the hospital as ARDS. For this reason our primary analysis was based on 90-day mortality [4, 5]. This allowed also to focus on studies with lower risk of bias, excluding the three small trials that were at higher risk of bias [6, 7].
Ventilator-free days at 28 day were also regarded as a clinically relevant outcome. Finally, we considered safety issues, investigating pneumothorax and critical illness neuropathy.

Individual and overall evidence assessment
Hospital mortality by day 90. The two studies provided quite different results, with the earlier trial reporting a protective effect [5], and the latest one a clearly statistically non- significant result [4]. In the first trial sample size calculation was based on an overoptimistic expectation of mortality reduction (15%). The 9% reduction found was not statistically significant (p = 0.08). The power for the observed delta was 42%, and 842 patients would have been required assuming a power of 80% given the same delta. The second trial had more moderate expectations: assuming a more realistic 8% mortality reduction, and under the assumption of a 90% power, the randomization of about 1400 patients was planned. In this study no significant difference in mortality was found between the two study arms. The quality of the two studies was rated high according to the GRADE and RoB2 methods (Table 2, individual study forms at the end of this document).
Meta-analyzing the two studies, we found an overall non-significant result, with high heterogeneity (I2 56% ), although the imprecision was such that we could not rule out neither low nor high heterogeneity (Figure 2). Our evaluation of overall evidence was moderate not in favour of the intervention according to the GRADE after rating down for imprecision (Table 3). Consistently, according to the RoB2 assessment tool, there was an overall low risk of bias (Figure 3).



28-day or ICU mortality. We included five studies: the two trials mentioned above [4, 5] and three small studies [1-3]. Of these three reported 28-day mortality [2, 4, 5], and two ICU mortality [1, 3]. We did not find a significant mortality reduction in the NMBA group, with a 0.80 relative risk (95%CI 0.60, 1.05; p-value 0.111) (Figure 4). The heterogeneity estimate was high, with high imprecision that did not allow to rule out any possible interpretation (I2 = 48%, 95%CI 0%, 81%). However, the double p plot examination of the leave-one-out meta-analysis p-values for effectiveness and heterogeneity, clearly indicates the 2019 trial [4] as an outlier, that increases the effect size p-value and reduces the Cochran’s Q heterogeneity p-value (Figure 5). This visual assessment was formally confirmed by the positive interaction test for subgroups (Figure 4). Statistical heterogeneity should be supported by clinical or methodological heterogeneity to question the combination in a meta-analysis, but we could not find any convincing clinical difference and the quality of the two studies was high for both of them.
Thus, considering the combined effect of the five trials we downgraded evidence for inconsistency and imprecision from high to low not in support of the intervention, according to the GRADE (Table 3). No concerns about overall evidence were raised applying the RoB2 tool (Figure 6). This secondary analysis was consistent with the primary analysis.

Ventilator-free days at 28 days. Four trials reporting the outcome as mean values and standard deviations were included in the meta-analysis [1, 2, 4, 5]. The other study, instead, used medians and interquartile ranges and was assessed separately [3].
The overall result of the meta-analysis was that NMBA did not increase ventilator-free days at day 28 (Figure 7). Heterogeneity estimate in terms of I2 was moderate, but again the high degree of imprecision did not allow to draw any conclusive answer. The double p plot, however, suggested that also in this case the 2019 trial was an outlier [4]. Indeed, when this trial [4] was left-out from the meta-analysis, the effect p-value dropped and the heterogeneity p-value increased (Figure 8). This finding was formally confirmed with



the interaction test for subgroups. For the reasons explained for the ICU or 28-day mortality outcome, we combined the studies in a meta-analysis.
While the RoB2 showed overall only a minor risk of bias (Table 4), according to the GRADE we downgraded quality of evidence one point for the absence of blinding (that could have influenced the outcome) in three out of four trials [1, 2, 4]. Indeed, only one study was totally blinded [5] and one was totally unblinded [4]. In two other studies the investigators were blinded but the attending nurse was not, and some attempts were made to mask the infusion pump [1, 2]. We did not consider this approach sufficient to grant blinding.
We further downgraded another point for inconsistency among studies, according to our analysis of heterogeneity.
The study published on ICM in 2017 [3] did not mention any attempt to perform blinding. The authors used median values and interquartil ranges and did not show any difference in terms of ventilator-free days between the two study arms (7 days in the intervention arm vs. 8 days among controls, p 0.80) confirming the findings of the meta- analysis.
We rated overall evidence as low, according to the GRADE method (Table 3).

Pneumothorax. We considered four studies investigating this outcome [1, 2, 4, 5]. The studies seemed sufficiently homogeneous to be meta-analyzed. Individual study risk of bias was rated as for mortality (low according to the RoB2, Table 2). Overal quality of evidence was rated high with the GRADE method (Table 3), and only minor concerns were found with the RoB2 tool). There was consistency across the trials and an overall clear protective effect was found in the NMBA group compared to controls (RR 0.46, 95%-CI 0.28, p 0.77, Figure 9).

Muscular weakness. The two smallest trials did not report any muscular weakness [1, 2]. The 2010 study generically reported the absence of any difference in the incidence of muscular weakness between the two study arms, without providing any number [5]. The



2019 trial, instead, reported a statistically significant increase in the intervention arm at day 28, but a very high percentage of patients could not complete the planned muscular weakness assessment [4]. In the end, it was not possible to assess whether 48 hours of neuromuscular blockade do or not affect weakness incidence. We concluded for inconclusive evidence.

Differences between the two larger studies
Between the 2019 trial [4] and the 2010 trial [5] there were several differences highlighted by the authors of the former trial. In the trial by Moss and collaborators [4] less prone ventilation cycles were performed; higher PEEP strategies were used; the sedation targets applied to controls were lighter, possibly causing a lower number of serious cardiovascular events (14 vs. 4 events in the intervention arm vs. controls).
The use of prone ventilation without neuromuscular blockade, that is also associated with deeper sedation targets, may have contributed to the increase of mortality in the control arm [5].
It is also interesting that the mortality rates in the intervention arm in the 2019 study
[4] were not different from those of the control arm in the 2010 trial [5]. We have two different scenarios that we propose to explain this finding, that are connected to the previous scheme:
1. Patients had the same severity in the two trials, but the intervention overall was not effective in the 2019 trial [4] because the patient care was substantially different (i.e.., same pharmacological approach but different ventilatory strategies, such as PEEP titration protocols or prone ventilation).
2. Patients were less severe in the 2010 trial [5], but sedation was heavier in the control group (compared to the 2019 trial) causing higher mortality rates.
However, the only analysis that could help to shed some light would be an individual patient data meta-analysis that could account for differences in the two studies.



COVID-19 patients
Indirect evidence from non-COVID-19 studies was not considered applicable to COVID- 19 patients.
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Figure 1. Article selection diagram.





Figure 2. Meta-analysis of trials investigating NMBA treatment vs. controls. Outcome: hospital mortality by day 90.
ROB 2 overall risk of bias
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Figure 3. Overall risk of bias assessed with the RoB2 tool. Outcome in-hospital 90 day mortality. Two trials included in the meta-analysis.




Figure 4. Meta-analysis of trials investigating NMBA treatment vs. controls. Outcome: 28-day or ICU mortality. Five
trials included.





Figure 5. Double p plot investigating the influence on heterogeneity and effect size in NMBA trials. Outcome: 28-day
or ICU mortality .ROB 2 overall risk of bias
Bias arising from the randomization process Bias due to deviations from intended interventions
Bias due to missing outcome data Bias in measurement of the outcome Bias in selection of the reported result
Overall risk of bias
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Figure 6. Overall risk of bias assessed with RoB2 method. Outcome ICU or 28-day mortality. Five studies included.






Figure 7. Meta-analysis of trials investigating NMBA vs. controls. Outcome: ventilator-free days at 28 days.
Four trials included.






Figure 8. Double p plot investigating the influence on heterogeneity and effect size in NMBA trials. Outcome days free
from the ventilator by day 28.




Figure 9. Meta-analysis of trials investigating NMBA vs. controls. Outcome: pneumothorax. Four trials
included.
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Table 1. Descriptive table of the studies and the samples. *Median (IQR).Gainnier - CCM 2004	Forel - CCM 2006	Papazian - NEJM 2010	Moss - NEJM 2019
Guervilly - ICM 2017
Age (mean, SD)
59.8	61.5
(17.5)	(14.6)
7 (25)	8 (28.6)
28 (100)	0 (0)
61
(18)
6
(33.3)
130
(30)
6.3
(0.8)
18
(100)
0 (0)
13.2
(2.7)
52
(16)
14
(77.8)
125
(25)
6.3
(0.8)
0 (0)
58 (16)	58 (15)
Females (n, %)
PaO2/FiO2 (mean, SD) TV ml/kg (mean, SD)
NMBA infusion (n, %)
Prone position (n, %)
PEEP (mean, SD)
NR
NR
130 (34)
119 (31)
7.1 (1.1)
7.4 (1.9)
106 (36)
6.55
(1.12)
177
(100)
74 (41.8)
115 (41)
6.48
(0.92)
0 (0)
56.6
(14.7)
210
(41.9)
98.7
(27.9)
6.3 (0.9)
488
(97.4)
84 (16.8)
55.1
(15.9)
236
(46.7)
99.5
(27.9)
6.3 (0.9)
0 (0)
72	60
(63-79)*	(52-75)*
4 (30.8)	1 (9.1)
158	150
(131-185)*	(121-187)*
6.2	6.3
(5.9-6.8)*	(6.0-6.9)*
13 (100)	0 (0)
0 (0)
11.1
(2.8)
0 (0)
10.9
(2.4)
0 (0)
11
(2.7)
78 (48.1)
75 (14.9)
9.2 (3.2)
9.2 (3.5)
12.2 (3.6)
12.5 (3.6)
NA
11
(10-11.5)*
NA
10 (9-12)*
Centers included
4
3
20
48
2
n pts/centre/year
11
8
8
9
NA





	

RoB2
	
Bias arising from the randomization process
	Bias due to		Bias due		 Bias in deviations	 to missing	measurement infrom d	outcome		of the
tende	data	outcome
interventions
	Bias in selection of the reported result
	

Overall risk of bias

	Gainnier-2004 Forel-2006 Papazian-2010 Moss-2019
Guervilly-2017
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Table 2. Individual trial risk of bias according to the RoB2 method. Outcome: mortality.

Risk of bias
Inconsistency
Indirectness
Imprecision
Publication bias













	246/737
	271/724

	(33.4)
	(37.4)

	
29.9/724
	
25.5/713

	(4.1)
	(3.6)

	
21/724
	
45/713

	(2.9)
	(6.3)


Table 3. GRADE assessment for overall evidence for each outcome. Above direct evidence for non-COVID-19 patients.Overall quality assessment
N. of	Treatment	Control	Relative Risk Outcome	RCTs		n (%)		n (%)		[95%-CI]
Quality
90-day mortality


28-day or ICU mortality
VFD at 28 days
Pneumothorax
✚✚✚✚
High
No
No
No
No
0.47 [0.28, 0.77]	No
4
✚✚☐☐
Low
No
No
0.90 [−0.68, 2.49]	Serious	Serious	No
4
✚✚☐☐
Low
0.76 [0.56, 1.04]	No	Serious	No	Serious	No
5
✚✚✚☐
Moderate
No	Serious	No
No
No
0.91 [0.72, 1.15]
282/667 (42.3)
269/678 (39.7)
2




	

RoB2
	
Bias arising from the randomization process
	Bias due to	Bias due to		Bias in deviations		missing	measurement
from	outcome	of the
intended	data	outcome interventions
	
Bias in selection of the reported result
	
Risk of bias of the single RCT

	Gainnier-2004 Forel-2006 Papazian-2010
Moss-2019
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Table 4. Individual trial risk of bias according to the RoB2 method. Outcome: ventilator free days by day 28.



PubMed search string
(("NMBA"[Title/Abstract] OR "neuromuscular blocking agents"[Title/Abstract] OR "neuromuscular blockers"[Title/Abstract] OR "neuromuscular blockade"[Title/Abstract] OR "Neuromuscular Nondepolarizing Agents"[Title/Abstract]) AND ("hypoxemia"[Title/Abstract] OR "hypoxaemia"[Title/Abstract] OR "hypoxemic"[Title/Abstract] OR "hypoxaemic"[Title/Abstract] OR "hypoxic"[Title/Abstract] OR "hypoxia"[Title/Abstract] OR "respiratory failure"[Title/Abstract] OR "acute respiratory distress syndrome"[Title/Abstract] OR "acute lung injury"[Title/Abstract] OR "ALI"[Title/Abstract] OR "ARDS"[Title/Abstract] OR "COVID"[Title/Abstract] OR "SARS-COV-2"[Title/Abstract])) AND (english[Filter])


	SINGLE RCT QUALITY ASSESSMENT
	Question: Should we recommend using neuromuscular blockade, over not using neuromuscular blockade for critically ill adults with ARDS?

	RCT 1
	Parallel
	Superiority
	III

	Gainnier
	CCM
	2004
	Centers included

	Patients
	ARDS, P/F < 150 and PEEP >= 5
	4

	Treatment
	Cisatracurium 5 mcg/kg/min for 48 hours
	

	Control
	No NMBA
	
	

	Outcome
	Mortality at 28 days
	Unregistered trial
	

	
	
	Outcome (Clinically important)
	Undesirable effects

	
	Number of patients
	n (%)
	Pneumothorax %

	Treatment
	28
	10 (35.7)
	0.0

	Control
	28
	17 (60.7)
	3.6

	Total
	56
	27 (48.2)
	1.8 (p 0.306)

	delta -25 (95%-CI -46.7 to 1)
	NNTB 4 (95%-CI NNTB 2 to ∞ to NNTH 101)

	Expected delta:
	p 0.061 (calculated 0.054)
	Power for the observed delta: 0.49
	Power by design: 0.8

	Planned sample size:
	Sample size needed for observed delta: 114
	

	Calculated sample size for predicted delta: not computable
	
GRADE CRITERIA
	

	







Downgrade (GRADE AND ROB2)
	Randomization and Allocation concealment
	Yes

	
	Blinding
	No

	
	Selective outcome reporting
	No

	
	Completement of follow-up/Intention to treat
principle observed
	
Yes

	
	Stopping early for benefit
	No

	
	Risk of bias of the single RCT
	Serious

	
	ROB2 CRITERIA
	

	
	Bias arising from the randomization process
	Some concerns

	
	Bias due to deviations from intended interventions
	Low risk

	
	Bias due to missing outcome data
	Low risk

	
	Bias in measurement of the outcome
	Low risk

	
	Bias in selection of the reported result
	Some concerns

	
	Overall risk of bias
	Some concerns

	







Comments
	

GRADE: Blinding: Asheet covered the infusion pump, but there was no placebo, and the nurse in charge of the patient was non-blinded. The lack of blinding, hoever, should not affect the mortality rate; Risk of bias of the single RCT: Absence of blinding could influence early mortality, although it is unlikely; ROB2:Bias arising from the randomization process: Generation of randomization not reported; Bias in selection of the reported result: There was no registered protcol to compare with;

	Methodological and statistical quality
	Statistical reporting (CONSORT)
	Overall risk of bias
	External validity issues

	High
	Partial but sufficient for quality assessment
	GRADE: Serious; ROB2: Some concerns
	No
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	SINGLE RCT QUALITY ASSESSMENT
	Question: Should we recommend using neuromuscular blockade, over not using neuromuscular blockade for critically ill adults with ARDS?

	RCT 2
	Parallel
	Superiority
	III

	Forel
	CCM
	2006
	Centers included

	Patients
	ARDS, P/F < 200 and PEEP >= 5
	3

	Treatment
	Cisatracurium 5 mcg/kg/min for 48 hours
	

	Control
	Placebo
	
	

	Outcome
	ICU mortality
	Unregistered trial
	

	
	
	Outcome (Clinically important)
	Undesirable effects

	
	Number of patients
	n (%)
	Pneumothora %

	Treatment
	18
	5 (27.8)
	0.0

	Control
	18
	10 (55.6)
	0.0

	Total
	36
	15 (41.7)
	#DIV/0!

	delta -27.8 (95%-CI -52.9 to 4)
	NNTB 4 (95%-CI NNTB 2 to ∞ to NNTH 25)

	Expected delta not reported
	p NR (calculated 0.078)
	Power for the observed delta: 0.42
	Power by design: 0.8

	No sample size calculation
	Sample size needed for observed delta: 88
	

	Calculated sample size for predicted delta: not computable
	
GRADE CRITERIA
	

	







Downgrade (GRADE AND ROB2)
	Randomization and Allocation concealment
	Not reported

	
	Blinding
	No

	
	Selective outcome reporting
	No

	
	Completement of follow-up/Intention to treat
principle observed
	
Yes

	
	Stopping early for benefit
	No

	
	Risk of bias of the single RCT
	No

	
	ROB2 CRITERIA
	

	
	Bias arising from the randomization process
	Some concerns

	
	Bias due to deviations from intended interventions
	Low risk

	
	Bias due to missing outcome data
	Low risk

	
	Bias in measurement of the outcome
	Low risk

	
	Bias in selection of the reported result
	Some concerns

	
	Overall risk of bias
	Some concerns

	







Comments
	

GRADE: Blinding: There was a placebo but the caring nurse was unblinded; Risk of bias of the single RCT: Absence of blinding could influence early mortality, although it is unlikely; ROB2:Bias arising from the randomization process: Generation of randomization and allocation concealment not reported; Bias in selection of the reported result: There was no registered protcol to compare with;

	Methodological and statistical quality
	Statistical reporting (CONSORT)
	Overall risk of bias
	External validity issues

	High
	Partial but sufficient for quality assessment
	GRADE: No; ROB2: Some concerns
	No




	SINGLE RCT QUALITY ASSESSMENT
	Question: Should we recommend using neuromuscular blockade, over not using neuromuscular blockade for critically ill adults with ARDS?

	RCT 3
	Parallel
	Superiority
	III

	Papazian
	NEJM
	2010
	Centers included

	Patients
	ARDS, P/F < 150 and PEEP >= 5
	20

	Treatment
	37.5 mg cisatracurium per hour (between 6 and 8 mcg/Kg/min) for 48 hours
	

	Control
	standard treatment
	
	

	Outcome
	Mortality at 28 days
	Outcome reported in the trial registration
	

	
	
	Outcome (Clinically important)
	Undesirable effects

	
	Number of patients
	n (%)
	Pneumothorax %

	Treatment
	177
	42 (23.7)
	4

	Control
	162
	54 (33.3)
	11.7

	Total
	339
	96 (28.3)
	7.7 (p 0.008)

	delta -9.6 (95%-CI -19.1 to 0)
	NNTB 10 (95%-CI NNTB 5 to NNTB 649913)

	Expected delta:
	p 0.05 (calculated 0.05)
	Power for the observed delta: 0.5
	Power by design: 0.8

	Planned sample size:
	Sample size needed for observed delta: 666
	

	Calculated sample size for predicted delta: not computable
	
GRADE CRITERIA
	

	







Downgrade (GRADE AND ROB2)
	Randomization and Allocation concealment
	No

	
	Blinding
	Yes

	
	Selective outcome reporting
	No

	
	Completement of follow-up/Intention to treat
principle observed
	
Yes

	
	Stopping early for benefit
	No

	
	Risk of bias of the single RCT
	No

	
	ROB2 CRITERIA
	

	
	Bias arising from the randomization process
	Low risk

	
	Bias due to deviations from intended interventions
	Low risk

	
	Bias due to missing outcome data
	Low risk

	
	Bias in measurement of the outcome
	Low risk

	
	Bias in selection of the reported result
	Low risk

	
	Overall risk of bias
	Low risk

	







Comments
	


GRADE: Risk of bias of the single RCT: Absence of blinding could influence early mortality, although it is unlikely; ROB2:Overall risk of bias: Low risk;

	Methodological and statistical quality
	Statistical reporting (CONSORT)
	Overall risk of bias
	External validity issues

	High
	Adequate
	GRADE: No; ROB2: Low risk
	No




	SINGLE RCT QUALITY ASSESSMENT
	Question: Should we recommend using neuromuscular blockade, over not using neuromuscular blockade for critically ill adults with ARDS?

	RCT 4
	Parallel
	Superiority
	III

	Moss
	NEJM
	2019
	Centers included

	Patients
	ARDS, P/F < 150 and PEEP >= 8
	48

	Treatment
	37.5 mg cisatracurium per hour (between 6 and 8 mcg/Kg/min)
	

	Control
	standard treatment
	
	

	Outcome
	Mortality at 28 days
	Outcome reported in the trial registration
	

	
	
	Outcome (Clinically important)
	Undesirable effects

	
	Number of patients
	n (%)
	Pneumothorax %

	Treatment
	501
	184 (36.7)
	2.8

	Control
	505
	187 (37)
	5.0

	Total
	1006
	371 (36.9)
	3.9 (p 0.07)

	delta -0.3 (95%-CI -6.2 to 5.6)
	NNTB 330 (95%-CI NNTB 16 to ∞ to NNTH 18)

	Expected delta:
	p NA (calculated 0.92)
	Power for the observed delta: 0.03
	Power by design: 0.8

	Planned sample size:
	Sample size needed for observed delta: 771754
	

	Calculated sample size for predicted delta: not computable
	
GRADE CRITERIA
	

	






Downgrade (GRADE AND ROB2)
	Randomization and Allocation concealment
	Yes

	
	Blinding
	No

	
	Selective outcome reporting
	No

	
	Completement of follow-up/Intention to treat
principle observed
	
Yes

	
	Stopping early for benefit
	No

	
	Risk of bias of the single RCT
	No

	
	ROB2 CRITERIA
	

	
	Bias arising from the randomization process
	Low risk

	
	Bias due to deviations from intended interventions
	Low risk

	
	Bias due to missing outcome data
	Low risk

	
	Bias in measurement of the outcome
	Low risk

	
	Bias in selection of the reported result
	Low risk

	
	Overall risk of bias
	Low risk

	






Comments
	


GRADE: Risk of bias of the single RCT: Absence of blinding could influence early mortality, although it is unlikely; ROB2:Overall risk of bias: Low risk;

	Methodological and statistical quality
	Statistical reporting (CONSORT)
	Overall risk of bias
	External validity issues

	High
	Adequate
	GRADE: No; ROB2: Low risk
	No




	SINGLE RCT QUALITY ASSESSMENT
	
Question:

	RCT 5
	Parallel
	Superiority
	

	Guervilly
	ICM
	2017
	Centers included

	Patients
	ARDS with P/F <= 150
	
	2

	Treatment
	37.5 mg cisatracurium per hour
	

	Control
	standard treatment
	
	

	Outcome
	ICU mortality
	Unregistered trial
	

	
	
	Outcome (Clinically important)
	Undesirable effects

	
	Number of patients
	n (%)
	pneumothorax %

	Treatment
	13
	5 (38.5)
	NR

	Control
	11
	3 (27.3)
	NR

	Total
	24
	8 (33.3)
	NR ()

	delta 11.2 (95%-CI -24.7 to 42.6)
	NNTH 9 (95%-CI NNTB 4 to ∞ to NNTH 2)
	

	Expected delta not reported
	p 0.6 (calculated 0.556)
	Power for the observed delta: 0.09
	Power by design: 0.8

	No sample size calculation
	Sample size needed for observed delta: 529
	

	Calculated sample size for predicted delta: not computable
	
GRADE CRITERIA
	

	







Downgrade (GRADE AND ROB2)
	Randomization and Allocation concealment
	Not reported

	
	Blinding
	No

	
	Selective outcome reporting
	No

	
	Completement of follow-up/Intention to treat
principle observed
	
Yes

	
	Stopping early for benefit
	No

	
	Risk of bias of the single RCT
	No

	
	ROB2 CRITERIA
	

	
	Bias arising from the randomization process
	Low risk

	
	Bias due to deviations from intended interventions
	Low risk

	
	Bias due to missing outcome data
	Low risk

	
	Bias in measurement of the outcome
	Low risk

	
	Bias in selection of the reported result
	Low risk

	
	Overall risk of bias
	Low risk

	







Comments
	


GRADE: Randomization and Allocation concealment: Randomization was correctly performed but there is no mention of allocation concealment; Methodological and statistical quality: The study was not designed to investigate mortality. For this aim it small, at risk of random errors (unbalances between the two study arms); ROB2:

	Methodological and statistical quality
	Statistical reporting (CONSORT)
	Overall risk of bias
	External validity issues

	Low
	Partial but sufficient for quality assessment
	GRADE: No; ROB2: Low risk
	Only 2 centers involved




	SINGLE RCT QUALITY ASSESSMENT
	Question: Should we recommend using neuromuscular blockade, over not using neuromuscular blockade for critically ill adults with ARDS?

	RCT 1
	Parallel
	Superiority
	III

	Gainnier
	CCM
	2004
	Centers included

	Patients
	ARDS, P/F < 150 and PEEP >= 5
	4

	Treatment
	Cisatracurium 5 mcg/kg/min for 48 hours
	

	Control
	No NMBA
	
	

	Outcome
	VFD at 28 days
	Unregistered trial
	

	
	
	Outcome (Clinically important)
	Undesirable effects

	
	Number of patients
	Mean
	Pneumothorax %

	Treatment
	28
	3.7
	0.0

	Control
	28
	1.7
	3.6

	Total
	56
	
	1.8 (p 0.306)

	delta 2 (-1.31 to 5.31)
	

	Expected delta:
	p 0.24 (calculated p 0.242)
	Power for the observed delta: 0.21
	Power by design: 0.8

	Planned sample size:
	Sample size needed for observed delta: 306
	

	Calculated sample size for predicted delta: not computable
	
GRADE CRITERIA
	

	







Downgrade (GRADE AND ROB2)
	Randomization and Allocation concealment
	Yes

	
	Blinding
	No

	
	Selective outcome reporting
	No

	
	Completement of follow-up/Intention to treat
principle observed
	
Yes

	
	Stopping early for benefit
	No

	
	Risk of bias of the single RCT
	Serious

	
	ROB2 CRITERIA
	

	
	Bias arising from the randomization process
	Some concerns

	
	Bias due to deviations from intended interventions
	Low risk

	
	Bias due to missing outcome data
	Low risk

	
	Bias in measurement of the outcome
	Low risk

	
	Bias in selection of the reported result
	Some concerns

	
	Risk of bias of the single RCT
	Some concerns

	







Comments
	GRADE: Blinding: Asheet covered the infusion pump, but there was no placebo, and the nurse in charge of the patient was non-blinded. The lack of blinding, hoever, should not affect the mortality rate; Risk of bias of the single RCT: Absence of blinding when the outcome is influenceable by the attending staff (extubation delay); Methodological and statistical quality: VFD can be influenced by investigators delaying the extubation. Quality was considered low only in relation to the outcome we selected, that was not the primary outcome on which the sample size was defined; ROB2:Bias arising from the randomization process: Generation of randomization not reported; Bias in selection of the reported result: There was no registered protcol to compare with;

	Methodological and statistical quality
	Statistical reporting (CONSORT)
	Overall risk of bias
	External validity issues

	Low
	Partial but sufficient for quality assessment
	GRADE: Serious; ROB2: Some concerns
	No
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	SINGLE RCT QUALITY ASSESSMENT
	Question: Should we recommend using neuromuscular blockade, over not using neuromuscular blockade for critically ill adults with ARDS?

	RCT 2
	Parallel
	Superiority
	III

	Forel
	CCM
	2006
	Centers included

	Patients
	ARDS, P/F < 200 and PEEP >= 5
	3

	Treatment
	Cisatracurium 5 mcg/kg/min for 48 hours
	

	Control
	Placebo
	
	

	Outcome
	VFD at 28 days
	Unregistered trial
	

	
	
	Outcome (Clinically important)
	Undesirable effects

	
	Number of patients
	Mean
	Pneumothora %

	Treatment
	18
	6.0
	0.0

	Control
	18
	5.4
	0.0

	Total
	36
	
	#DIV/0!

	delta 0.6 (-4.35 to 5.55)
	

	Expected delta not reported
	p NR (calculated p 0.814)
	Power for the observed delta: 0.04
	Power by design: 0.8

	No sample size calculation
	Sample size needed for observed delta: 4906
	

	Calculated sample size for predicted delta: not computable
	
GRADE CRITERIA
	

	







Downgrade (GRADE AND ROB2)
	Randomization and Allocation concealment
	Not reported

	
	Blinding
	No

	
	Selective outcome reporting
	No

	
	Completement of follow-up/Intention to treat
principle observed
	
Yes

	
	Stopping early for benefit
	No

	
	Risk of bias of the single RCT
	Serious

	
	ROB2 CRITERIA
	

	
	Bias arising from the randomization process
	Some concerns

	
	Bias due to deviations from intended interventions
	Low risk

	
	Bias due to missing outcome data
	Low risk

	
	Bias in measurement of the outcome
	Low risk

	
	Bias in selection of the reported result
	Some concerns

	
	Risk of bias of the single RCT
	Some concerns

	







Comments
	GRADE: Blinding: There was a placebo but the caring nurse was unblinded; Risk of bias of the single RCT: Absence of blinding when the outcome is influenceable by the attending staff (extubation delay); Methodological and statistical quality: VFD can be influenced by investigators delaying the extubation. Quality was considered low only in relation to the outcome we selected, that was not the primary outcome on which the sample size was defined; ROB2:Bias arising from the randomization process: Generation of randomization and allocation concealment not reported; Bias in selection of the reported result: There was no registered protcol to compare with;

	Methodological and statistical quality
	Statistical reporting (CONSORT)
	Overall risk of bias
	External validity issues

	Low
	Partial but sufficient for quality assessment
	GRADE: Serious; ROB2: Some concerns
	No




	SINGLE RCT QUALITY ASSESSMENT
	Question: Should we recommend using neuromuscular blockade, over not using neuromuscular blockade for critically ill adults with ARDS?

	RCT 3
	Parallel
	Superiority
	III

	Papazian
	NEJM
	2010
	Centers included

	Patients
	ARDS, P/F < 150 and PEEP >= 5
	20

	Treatment
	37.5 mg cisatracurium per hour (between 6 and 8 mcg/Kg/min) for 48 hours
	

	Control
	standard treatment
	
	

	Outcome
	VFD at 28 days
	Outcome reported in the trial registration
	

	
	
	Outcome (Clinically important)
	Undesirable effects

	
	Number of patients
	Mean
	Pneumothorax %

	Treatment
	177
	10.6
	4

	Control
	162
	8.5
	11.7

	Total
	339
	
	7.7 (p 0.008)

	delta 2.1 (0.07 to 4.13)
	

	Expected delta:
	p 0.04 (calculated p 0.044)
	Power for the observed delta: 0.52
	Power by design: 0.8

	Planned sample size:
	Sample size needed for observed delta: 650
	

	Calculated sample size for predicted delta: not computable
	
GRADE CRITERIA
	

	







Downgrade (GRADE AND ROB2)
	Randomization and Allocation concealment
	No

	
	Blinding
	Yes

	
	Selective outcome reporting
	No

	
	Completement of follow-up/Intention to treat
principle observed
	
Yes

	
	Stopping early for benefit
	No

	
	Risk of bias of the single RCT
	No

	
	ROB2 CRITERIA
	

	
	Bias arising from the randomization process
	Low risk

	
	Bias due to deviations from intended interventions
	Low risk

	
	Bias due to missing outcome data
	Low risk

	
	Bias in measurement of the outcome
	Low risk

	
	Bias in selection of the reported result
	Low risk

	
	Risk of bias of the single RCT
	Low risk

	







Comments
	



GRADE: ROB2:Risk of bias of the single RCT: Low risk;

	Methodological and statistical quality
	Statistical reporting (CONSORT)
	Overall risk of bias
	External validity issues

	Low
	Adequate
	GRADE: No; ROB2: Low risk
	No




	SINGLE RCT QUALITY ASSESSMENT
	Question: Should we recommend using neuromuscular blockade, over not using neuromuscular blockade for critically ill adults with ARDS?

	RCT 4
	Parallel
	Superiority
	III

	Moss
	NEJM
	2019
	Centers included

	Patients
	ARDS, P/F < 150 and PEEP >= 8
	48

	Treatment
	37.5 mg cisatracurium per hour (between 6 and 8 mcg/Kg/min)
	

	Control
	standard treatment
	
	

	Outcome
	VFD at 28 days
	Outcome reported in the trial registration
	

	
	
	Outcome (Clinically important)
	Undesirable effects

	
	Number of patients
	Mean
	Pneumothorax %

	Treatment
	501
	9.6
	2.8

	Control
	505
	9.9
	5.0

	Total
	1006
	
	3.9 (p 0.07)

	delta -0.3 (-1.62 to 1.02)
	

	Expected delta:
	p NA (calculated p 0.655)
	Power for the observed delta: 0.06
	Power by design: 0.8

	Planned sample size:
	Sample size needed for observed delta: 39566
	

	Calculated sample size for predicted delta: not computable
	
GRADE CRITERIA
	

	






Downgrade (GRADE AND ROB2)
	Randomization and Allocation concealment
	Yes

	
	Blinding
	No

	
	Selective outcome reporting
	No

	
	Completement of follow-up/Intention to treat
principle observed
	
Yes

	
	Stopping early for benefit
	No

	
	Risk of bias of the single RCT
	Serious

	
	ROB2 CRITERIA
	

	
	Bias arising from the randomization process
	Low risk

	
	Bias due to deviations from intended interventions
	Low risk

	
	Bias due to missing outcome data
	Low risk

	
	Bias in measurement of the outcome
	Low risk

	
	Bias in selection of the reported result
	Low risk

	
	Risk of bias of the single RCT
	Low risk

	






Comments
	


GRADE: Risk of bias of the single RCT: Absence of blinding when the outcome is influenceable by the attending staff (extubation delay); ROB2:Risk of bias of the single RCT: Low risk;

	Methodological and statistical quality
	Statistical reporting (CONSORT)
	Overall risk of bias
	External validity issues

	High
	Adequate
	GRADE: Serious; ROB2: Low risk
	No
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In adult patients with severe acute respiratory distress syndrome (ARDS) or COVID-19 does veno-venous ECMO (VV-ECMO) compared with conventional ventilation improve outcomes?



Literature search
The literature search was limited to the past fifteen years given the technological progresses in the field of ECMO. The search provided nine studies: two randomized controlled trials, the EOLIA [1] and the CESAR [2] , and seven non-randomized studies [3-9], one being a post-hoc analysis of the EOLIA study [9] (Figure 1). However, we decided not to consider this study [9] that applied a Bayesian approach, because the original statistical design of the trial was instead based on a frequentist approach.

RANDOMIZED CONTROLLED TRIALS
Clinical heterogeneity
Patients
These studies included patients with very severe forms of ARDS (mean PaO2/FiO2 values around 75 mmHg), of any etiology. Although the inclusion criteria were similar, accounting for both the severity of hypoxemia and the hypercarbia associated with severe acidaemia (pH 7.2 – 7.25), some differences could be noticed. In the CESAR trial the Murray score was used for inclusion, considering four variables (PaO2/FiO2, PEEP, lung compliance, and number of chest radiographic quadrants involved). In the EOLIA study only persistent decrements in the PaO2/FiO2 or hypercapnic acidosis were considered after complying with predefined ventilatory settings. In both studies patients were excluded if ventilated for longer than seven days, but in the CESAR study only if with a FiO2 greater than 0.80 or with peak airway pressure greater than 30 cmH20.




Interventions and controls

10

11


Centralization protocols: in the EOLIA trial patients from non-ECMO centres were centralized alerting an ECMO retrieval team with mobile devices. In the CESAR trial, instead, patients were sent to the referral centre, where they were screened for indications for ECMO.

Selected outcomes (and corresponding Forest plots)
The outcomes of the original studies were different: a combined outcome considering death and severe disability at 6 months in the CESAR trial (although only one patient turned out to have severe disability) and 60-day mortality for the EOLIA trial. However, data concerning 90-day and 60-day, when not available, were estimated from the Kaplan-Meier survival curves.
Therapeutic failure, corresponding to death in the ECMO group and to death or crossover to ECMO for controls, was a secondary outcome in the EOLIA trial. Indeed, the protocol allowed for crossover when hypoxemia was refractory to conventional treatment or other stringent criteria were met. In the CESAR trial crossover was not allowed.
We thus considered 60- and 90-day mortality, and a composite outcome of mortality and therapeutic failure at 60 days.

Individual quality of evidence and methodological heterogeneity
In the EOLIA trial patients from non-ECMO centres were centralized alerting an ECMO retrieval team with mobile devices. Thirty-five patients in the control arm not responding to standard treatments were crossed over to the ECMO arm. These patients were considered therapeutic failures that were combined with deaths in a composite outcome. This approach was considered a strength of the study.
While the CESAR trial [2] showed a statistically significant protective effect of ECMO in terms of 60- and 90-day mortality, the EOLIA trial [10] did not (Figures 2 and 3). However, when combining therapeutic failure with mortality in a composite outcome, a clear protective effect was seen (Figure 4).
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Both studies were rated high according to the GRADE method for the specific mortality outcomes and the composite outcome.
According to the RoB2, “some concerns” were attributed to the CESAR trial, because about one-quarter of patient in the intervention arm did not receive ECMO treatment.

Safety
In the EOLIA trial [1] higher rates of bleeding events leading to blood transfusion (46 vs. 28%) and of severe thrombocytopenia (27 vs. 16%) in the intervention arm were reported. However, less ischemic strokes (5% absolute risk reduction, 95%-CI between 2 and 10%) and no differences in haemorrhagic strokes were found. Two severe adverse events were reported in the CESAR study [2] in the ECMO group.

Overall quality of evidence and statistical heterogeneity
The studies were clinically and methodologically sufficiently homogeneous to be combined in a meta-analysis. Statistical heterogeneity estimate was low, but the high imprecision did not allow ruling out high heterogeneity. This analysis was thus inconclusive.
The quality assessment of each trial and the outcomes are reported in the tables at the end of this document.
We found that the 60- and 90-day mortality, and the combination of 60-day mortality and therapeutic failure were reduced by ECMO (Figure 2, 3, and 4). Statistical heterogeneity effect size measured with I2 was low but the imprecision of the estimate was so large that we could not rule out the chance of serious heterogeneity.
There were important differences in the protocols of the two trials.
In the CESAR trial patients were sent to the referral centre, where they were screened for indications for ECMO. Indeed, five patients died before arriving to the ECMO centre and seventeen received standard ventilation, since they did not meet indications for ECMO (of these, fourteen patients survived) [2]. On the other hand, crossover to ECMO was not allowed. Although, technically, there were no protocol violations, nevertheless the number of patients that did not receive ECMO was relevant (24.4%), which may


introduce a bias. However, performing some simulations, it turned out that among the fourteen patients that were not submitted to ECMO, six more deaths should have occurred to impact significantly on the meta-analysis overall findings. This possibility was considered highly unlikely.
Our final evaluation of overall evidence was considered moderate, downgrading for serious bias according to the GRADE overall assessment because one of the two trials did not perform the planned treatment in the intervention arm.
Our final evaluation was, therefore, that our metanalysis provided moderate evidence in favour.

NON-RANDOMIZED STUDIES
Patients
The six studies included series of patients with influenza A (H1N1) viral pneumonia during the 2009 pandemic, patients with COVID-19 pneumonia, and ARDS of any etiology.

Selected outcomes
The outcomes ranged from ICU and hospital mortality to 120-day mortality (Table 3). ICU mortality does not give an accurate picture of outcome when dealing with diseases, such as ARDS, that may be affected by mortality after ICU discharge. Moreover, it may be influenced by discharge policies. For this reason, we downgraded studies reporting this outcome.
The main problem that occurred in these studies was that five out of six did not account for the immortal time bias [11]. This bias occurs when the treatment is possible only if the patients are able to survive for a period of time, while those that die earlier will unavoidably end up in the control arm of the study. For this reason, these studies were regarded as “critical risk” for selection bias according to the ROBINS-I tool.
The only study that did account for this bias was considered being at moderate risk [6]. The studies mostly showed a protective effect of ECMO. However, the very low evidence that they provided overall according to the GRADE did not substantially affect


the moderate quality of evidence provided by the meta-analysis of the two randomized trials.
We did not combine in a meta-analysis the adjusted results of these single studies because the methodology followed for matching or multivariable analysis were different. On the other hand, evidence provided by using the unadjusted results of these studies would have been strongly biased.

OTHER SOURCES
A meta-analysis was published in 2020, combining the two studies datasets [10]. However, although presented as an individual patient data meta-analysis (our policy is to consider this kind of studies for evidence provision), it performed a simple bivariate analysis using the two merged datasets without any kind of multivariable approach. Thus, according to our study protocol, we did not use meta-analysis of aggregated data for evidence provision and preferred to perform our own investigation.

COVID-19 PATIENTS
Evidence was considered applicable to COVID-19 patients that where not directly investigated. Consequently, we rated quality of evidence one point down for indirectness, from moderate to low in favour.







MEDLINE (PubMed)
3912 studies Identified
3816 excluded after title and abstract screening
0 full- text from other sources
96 total available for
full-text
screening
87 excluded after full-text screening: 11 not consistent with PICO criteria; 27 not experimental studies [4 meta-
analyses, 12 reviews, 11 other]; 49 Non-randomized with inappropriate design
9 eligible: 2 RCTs, 7 Non- randomized studies











Figure 1. Article selection diagram according to the PRISMA indications.


Figure 3. 60-day mortality, ECMO vs. conventional treatment in ARDS
Figure 2. 90-day mortality, ECMO vs. conventional treatment in ARDS
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Figure 4. 60-day mortality or therapeutic failure, ECMO vs. conventional treatment in ARDS




	Peek - Lancet 2009			Combes - NEJM 2018		OVERALL Experimental	Control	Experimental	Control	Experimental	Control

	Age (mean, SD)
	39.9 (13.4)
	40.4 (13.4)
	51.9 (14.2)
	54.4 (12.7)
	46.8
	48.5

	Females (n, %)
	39 (43.3)
	37 (41.1)
	37 (29.8)
	35 (28)
	76 (35.5)
	72 (33.5)

	Protocol violations (n, %)
	22 (24.4)*
	0 (0)
	3 (2.4)
	35 (28)
	25 (11.7)
	35 (16.3)

	P/F ratio (mean, SD)
	75.9 (29.5)
	75 (35.7)
	73 (30)
	72 (24)
	74.2
	73.2

	PEEP (mean, SD)
	13.7 (9.6)
	14.2 (9.4)
	11.7 (3.9)
	11.8 (3.7)
	12.5
	12.8

	TV (mean, SD)
	NA
	NA
	6.0 (1.3)
	6.1 (0.9)
	NA
	NA


Table 1. Main patients characteristics in the two RCTs. *In this trial the protocol established that patients would have been randomized to be considered for ECMO. So, we cannot consider these strictly as protocol violations although their meaning is similar in terms of influence on the study results.




	

RoB2
	Bias arising from the randomization process
	Bias due to deviations from intended interventions
	Bias due to	Bias in	se Bias in of
missing	lection
outcome		measurement		the data	of the outcome	reported
result
	
Overall risk of bias

	Peek Lancet-2009
Combes NEJM-2018
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Figure 5. RoB2 assessment of evidence of single trials and overall.ROB 2 overall risk of bias
Bias arising from the randomization process Bias due to deviations from intended interventions
Bias due to missing outcome data Bias in measurement of the outcome Bias in selection of the reported result
Overall risk of bias
0%	10%
Low risk
20%
30%	40%	50%	60%	70%	80%	90%	100%
Some concerns
High risk




	

	

	
	

	

	

	

	

	

	

	

	
	



Risk of bias
Inconsistency
Indirectness
Imprecision
Publication bias














	73/214
	102/215
	0.72

	(34.1)
	(47.4)
	[0.57, 0.91]

	
73/214
	
117/215
	
0.63

	(34.1)
	(54.4)
	[0.50, 0.78]



Table 2. GRADE rating of RCTs. Overall evidence for the three different outcomes.In favour
✚✚✚☐ Moderate
Serious	No	No	No	No
2
In favour
✚✚✚☐ Moderate
Serious	No	No	No	No
2
In favour
✚✚✚☐ Moderate
Serious	No	No	No	No
0.75
[0.60, 0.94]
77/214	103/215
(36.0)	(47.9)
2
60-day mortality

60-day mortality or crossover to ECMO
90-day mortality
Quality
Relative Risk [95%-CI]
N. of	Treatmen	Control RCTs		t n (%)		n (%)
Overall quality assessment





Outcome





	Study
	Statistical design
	Objective
	Patients
	
treatment
	
control
	
Outcome
	
Outcome measure

	
	
	Explanatory
	
	
	
	
	Rate
	

	Fang - CMS
	Propensity score
	purpose
	COVID-19
	V-V ECMO
	Invasive
	120-day
	variation:
	p 0.136

	2021
	matching
	(treatment
	ARDS
	
	ventilation
	mortality
	-5.7
	

	
	
	effectiveness)
	
	
	
	
	
	

	
	
	Explanatory
	COVID-19
	
	
	
	
	

	Shaefi - ICM
	Cox proportional
	purpose
	pneumoniae,
	V-V ECMO
	Invasive
	60-day
	HR 0.55
	95%-CI 0.41-0.74

	2021
	hazards
	(treatment
	PaO2/FiO2 <
	
	ventilation
	mortality
	
	

	
	
	effectiveness)
	100
	
	
	
	
	

	
Chiu - Membranes 2021
	
Propensity score matching
	Explanatory purpose (treatment effectiveness)
	ARDS, PaO2/FiO2 < 80,
PEEP > 10,
Peak P > 35
	

ECMO
	
Invasive ventilation
	
Hospital mortality
	
Rate variation:
-17.2
	

0.014

	
	
	
Explanatory
	
H1N1 ARDS,
	
	
	
	
Rate
	

	Noah -
	Propensity score
	purpose
	PaO2/FiO2 <
	ECMO
	Invasive
	Hospital
	variation:
	0.008

	JAMA 2011
	matching
	(treatment
	100, no severe
	
	ventilation
	mortality
	-22.7
	

	
	
	effectiveness)
	comorbidities
	
	
	
	
	

	
Pham -
	
Propensity score
	Explanatory purpose
	
	
	
Invasive
	
ICU
	
Rate
	

	AJRCCM
2013
	matching
	(treatment effectiveness)
	H1N1 ARDS
	V-V ECMO (87%)
	ventilation
	mortality
	variation:
-9.6
	0.44

	
	
	Explanatory
	
	
	
	
	Rate
	

	Whebell -
	Propensity score
	purpose
	COVID-19
	V-V ECMO
	Invasive
	Hospital
	variation:
	< 0.001

	ICM 2022
	matching
	(treatment
	ARDS
	
	ventilation
	mortality
	-18.2
	

	
	
	effectiveness)
	
	
	
	
	
	


Table 3. Summary of the main features of non-randomized studies.




	

ROBINS-I
	

Bias due to confounding
	
Bias due to selection of participants
	Bias in	Bias due to
classification	deviation of		from
interventions		intended interventions
	

Bias due to missing data
	Bias in
Bias in	the
measurement	selection of outcomes		of
reported
results
	

Bias

	
Fang CMS-2021

Shaefi ICM-2021

Chiu Membranes-2021 Noah JAMA-2011 Pham AJRCCM-2013
Whebell ICM-2022
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Table 4.ROBINS-I assessment of quality of individual non-randomized studies.
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	SINGLE RCT QUALITY ASSESSMENT
	
Question: Does ECMO improve survival compared to standard treatment in severe ARDS patients

	RCT 1
	Parallel
	Superiority
	III

	Peek
	Lancet
	2009
	Centers included

	Patients
	Severe refractory ARDS
	
	68

	Treatment
	ECMO
	
	

	Control
	standard treatment
	
	

	Outcome
	60-day mortality
	Outcome NOT reported in the trial registration
	

	
	
	Outcome (Clinically important)
	Undesirable effects

	
	Number of patients
	n (%)
	Serious events %

	Treatment
	90
	29 (32.2)
	2.2

	Control
	90
	45 (50) [Expected rate: NA]
	0.0

	Total
	180
	74 (41.1)
	1.1 (p 0.154)

	delta -17.8 (95%-CI -31.2 to -3.4)
	NNTB 6 (95%-CI NNTB 3 to NNTB 29)

	Sample size calculation not based on this outcome
	p NR (calculated 0.014)
	Power for the observed delta: 0.69
	Power by design: 0.8

	Planned sample size:
	Sample size needed for observed delta: 226
	

	Calculated sample size for predicted delta: not computable
	
GRADE CRITERIA
	

	







Downgrade (GRADE AND ROB2)
	Randomization and Allocation concealment
	Yes

	
	Blinding
	No

	
	Selective outcome reporting
	No

	
	Completement of follow-up/Intention to treat
principle observed
	
Yes

	
	Stopping early for benefit
	No

	
	Risk of bias of the single RCT
	No

	
	ROB2 CRITERIA
	

	
	Bias arising from the randomization process
	Low risk

	
	Bias due to deviations from intended interventions
	Some concerns

	
	Bias due to missing outcome data
	Low risk

	
	Bias in measurement of the outcome
	Low risk

	
	Bias in selection of the reported result
	Low risk

	
	Overall risk of bias
	Some concerns

	







Comments
	GRADE: Blinding: Absence of blindly should not affect relevantly mortality; Risk of bias of the single RCT: No risk; METHODOLOGICAL AND STATISTICAL QUALITY: 22 patients (24.4%) in the ECMO arm were not treated with ECMO; ROB2:Bias due to deviations from intended interventions: 22 patients (24.4%) in the ECMO arm were not treated with ECMO. Although technically, these were not protocol violations, the potential effect on outcome was the same. However, the study provided a statistically non significant outcome at 6 months (the primary outcome) and more deaths among the 14 patients that did not receive ECMO would have not changed
this finding; Overall risk of bias: Some concerns.

	
METHODOLOGICAL AND STATISTICAL QUALITY
	
Statistical reporting (CONSORT)
	
Overall risk of bias
	
External validity issues

	
Low
	
Adequate
	
GRADE: No risk; ROB2: Some concerns
	Few patients randomized per center, but the condition is infrequent given the inclusion criteria
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	SINGLE RCT QUALITY ASSESSMENT
	
Question: Does ECMO improve survival compared to standard treatment in severe ARDS patients

	RCT 2
	Parallel
	Superiority
	III

	Combes
	NEJM
	2018
	Centers included

	Patients
	Severe ARDS
	
	64

	Treatment
	ECMO
	
	

	Control
	Standard treatment
	
	

	Outcome
	60-day mortality
	Outcome reported in the trial registration
	

	
	
	Outcome (Clinically important)
	Undesirable effects

	
	Number of patients
	n (%)
	Serious events %

	Treatment
	124
	44 (35.5)
	0.8

	Control
	125
	57 (45.6) [Expected rate: 60 %]
	0.8

	Total
	249
	101 (40.6)
	0.8 (p 1)

	delta -10.1 (95%-CI -21.9 to 2.1)
	NNTB 10 (95%-CI NNTB 5 to ∞ to NNTH 49)

	Expected delta: -20
	p 0.09 (calculated 0.102)
	Power for the observed delta: 0.37
	Power by design: 0.8

	Planned sample size: 331
	Sample size needed for observed delta: 710
	

	Calculated sample size for predicted delta: 188
	
GRADE CRITERIA
	

	







Downgrade (GRADE AND ROB2)
	Randomization and Allocation concealment
	Yes

	
	Blinding
	No

	
	Selective outcome reporting
	No

	
	Completement of follow-up/Intention to treat
principle observed
	
Yes

	
	Stopping early for benefit
	No

	
	Risk of bias of the single RCT
	No

	
	ROB2 CRITERIA
	

	
	Bias arising from the randomization process
	Low risk

	
	Bias due to deviations from intended interventions
	Low risk

	
	Bias due to missing outcome data
	Low risk

	
	Bias in measurement of the outcome
	Low risk

	
	Bias in selection of the reported result
	Low risk

	
	Overall risk of bias
	Low risk

	







Comments
	


GRADE: Risk of bias of the single RCT: No risk; ROB2:Overall risk of bias: Low risk.

	
METHODOLOGICAL AND STATISTICAL QUALITY
	
Statistical reporting (CONSORT)
	
Overall risk of bias
	
External validity issues

	
High
	
Adequate
	
GRADE: No risk; ROB2: Low risk
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	SINGLE RCT QUALITY ASSESSMENT
	
Question: Does ECMO improve survival compared to standard treatment in severe ARDS patients

	RCT 1
	Parallel
	Superiority
	III

	Peek
	Lancet
	2009
	Centers included

	Patients
	Severe refractory ARDS
	
	68

	Treatment
	ECMO
	
	

	Control
	standard treatment
	
	

	Outcome
	90-day mortality
	Outcome NOT reported in the trial registration
	

	
	
	Outcome (Clinically important)
	Undesirable effects

	
	Number of patients
	n (%)
	Serious events %

	Treatment
	90
	31 (34.4)
	2.2

	Control
	90
	44 (48.9) [Expected rate: NA]
	0.0

	Total
	180
	75 (41.7)
	1.1 (p 0.154)

	delta -14.4 (95%-CI -28 to -0.1)
	NNTB 7 (95%-CI NNTB 4 to NNTB 1651)

	Sample size calculation not based on this outcome
	p NR (calculated 0.046)
	Power for the observed delta: 0.51
	Power by design: 0.8

	Planned sample size:
	Sample size needed for observed delta: 347
	

	Calculated sample size for predicted delta: not computable
	
GRADE CRITERIA
	

	







Downgrade (GRADE AND ROB2)
	Randomization and Allocation concealment
	Yes

	
	Blinding
	No

	
	Selective outcome reporting
	No

	
	Completement of follow-up/Intention to treat
principle observed
	
Yes

	
	Stopping early for benefit
	No

	
	Risk of bias of the single RCT
	No

	
	ROB2 CRITERIA
	

	
	Bias arising from the randomization process
	Low risk

	
	Bias due to deviations from intended interventions
	Some concerns

	
	Bias due to missing outcome data
	Low risk

	
	Bias in measurement of the outcome
	Low risk

	
	Bias in selection of the reported result
	Low risk

	
	Overall risk of bias
	Some concerns

	







Comments
	GRADE: Blinding: Absence of blindly should not affect relevantly mortality; Risk of bias of the single RCT: No risk; METHODOLOGICAL AND STATISTICAL QUALITY: 22 patients (24.4%) in the ECMO arm were not treated with ECMO; ROB2:Bias due to deviations from intended interventions: 22 patients (24.4%) in the ECMO arm were not treated with ECMO. Although technically, these were not protocol violations, the potential effect on outcome was the same. However, the study provided a statistically non significant outcome at 6 months (the primary outcome) and more deaths among the 14 patients that did not receive ECMO would have not changed this finding; Overall risk of bias: Some concerns.

	
METHODOLOGICAL AND STATISTICAL QUALITY
	
Statistical reporting (CONSORT)
	
Overall risk of bias
	
External validity issues

	
Low
	
Adequate
	
GRADE: No risk; ROB2: Some concerns
	Few patients randomized per center, but the condition is infrequent given the inclusion criteria
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	SINGLE RCT QUALITY ASSESSMENT
	
Question: Does ECMO improve survival compared to standard treatment in severe ARDS patients

	RCT 2
	Parallel
	Superiority
	III

	Combes
	NEJM
	2018
	Centers included

	Patients
	Severe ARDS
	
	64

	Treatment
	ECMO
	
	

	Control
	Standard treatment
	
	

	Outcome
	90-day mortality
	Outcome reported in the trial registration
	

	
	
	Outcome (Clinically important)
	Undesirable effects

	
	Number of patients
	n (%)
	Serious events %

	Treatment
	124
	46 (37.1)
	0.8

	Control
	125
	59 (47.2) [Expected rate: 60 %]
	0.8

	Total
	249
	105 (42.2)
	0.8 (p 1)

	delta -10.1 (95%-CI -21.9 to 2.1)
	NNTB 10 (95%-CI NNTB 5 to ∞ to NNTH 47)

	Expected delta: -20
	p NR (calculated 0.104)
	Power for the observed delta: 0.37
	Power by design: 0.8

	Planned sample size: 331
	Sample size needed for observed delta: 720
	

	Calculated sample size for predicted delta: 188
	
GRADE CRITERIA
	

	







Downgrade (GRADE AND ROB2)
	Randomization and Allocation concealment
	Yes

	
	Blinding
	No

	
	Selective outcome reporting
	No

	
	Completement of follow-up/Intention to treat
principle observed
	
Yes

	
	Stopping early for benefit
	No

	
	Risk of bias of the single RCT
	No

	
	ROB2 CRITERIA
	

	
	Bias arising from the randomization process
	Low risk

	
	Bias due to deviations from intended interventions
	Low risk

	
	Bias due to missing outcome data
	Low risk

	
	Bias in measurement of the outcome
	Low risk

	
	Bias in selection of the reported result
	Low risk

	
	Overall risk of bias
	Low risk

	







Comments
	


GRADE: Risk of bias of the single RCT: No risk; ROB2:Overall risk of bias: Low risk.

	
METHODOLOGICAL AND STATISTICAL QUALITY
	
Statistical reporting (CONSORT)
	
Overall risk of bias
	
External validity issues

	
High
	
Adequate
	
GRADE: No risk; ROB2: Low risk
	



	SINGLE STUDY QUALITY ASSESSMENT
	
Does ECMO improve survival compared to standard treatment in severe ARDS patients?

	Non randomized study
	1
	

	Fang
	CMS
	2021

	Patients
	COVID ARDS
	Centres

	treatment
	V-V ECMO
	7

	control
	Invasive ventilation
	N° patients/centre/year

	Outcome
	120-day mortality %
	NA

	Outcome quality
	Clinically important
	

	Exposed to treatment
	74.3
	Study duration (days)

	Exposed to control
	80
	NA

	p 0.42 (calculated)
	Delta: -5.7
	Total number of patients

	0.136 (reported)
	
	140

	Undesirable effects
	NR
	Statistical Design: Propensity score matching

	Exposed to treatment
	NR
	

	Exposed to control
	NR
	

	
	ROBINS-I CRITERIA (single study)
	

	





Downgrading
	Bias due to confounding
	Moderate

	
	Bias due to selection of participants
	Critical

	
	Bias in classification of interventions
	Low

	
	Bias due to deviation from intended
interventions
	Low

	
	Bias due to missing data
	Low

	
	Bias in measurement of outcomes
	Low

	
	Bias in the selection of reported
results
	Low

	
	Bias
	Critical risk

	
Up-grading
	Size of effect
	Not relevant

	
	Residual confounding
	Does not indicate upgrading

	
	Dose /response
	Not applicable

	
	DETAILS
	

	



Downgrading
	
Bias due to confounding: PaO2/FiO2 ratio was not accounted for in the propensity score model and was no reported in the matched cohorts (only the rate of patients with PaO2 < 80 was indicated). Bias due to selection of participants: Time 0 to assess patients conditions and indications to ECMO were not reported, thus the results may have been influenced by the immortal time bias. Methodological and statistical quality: Severe miscalculations of p values concerning important outcomes. The choice of the variables were limited by the retrospective nature of the study. Important confounders were not included in the analysis.

	
Up-grading
	
Upgrading not indicated

	
	
External validity
	
No

	
	Statistical reporting
	Sufficient for quality assessment

	
	Methodological and statistical
quality
	Low
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	SINGLE STUDY QUALITY ASSESSMENT
	
Does ECMO improve survival compared to standard treatment in severe ARDS patients?

	Non randomized study
	2
	

	Shaefi
	ICM
	2021

	Patients
	COVID pneunonia, PaO2/FiO2 <
100
	Centres

	treatment
	V-V ECMO
	55

	control
	Invasive ventilation
	N° patients/centre/year

	Outcome
	60-day mortality %
	71

	Outcome quality
	Clinically important
	

	Exposed to treatment
	34.6
	Study duration (days)

	Exposed to control
	47.4
	122

	p 0.004 (calculated)
	Delta: -12.8
	Total number of patients

	NR (reported)
	
	1297

	Undesirable effects
	NR
	Statistical Design: Cox proportional hazards

	Exposed to treatment
	NR
	ECMO receipt: HR 0.55 (95%-CI 0.41, 0.74)

	Exposed to control
	NR
	

	
	ROBINS-I CRITERIA (single study)
	

	





Downgrading
	Bias due to confounding
	Moderate

	
	Bias due to selection of
participants
	Low

	
	Bias in classification of
interventions
	Low

	
	Bias due to deviation from
intended interventions
	Low

	
	Bias due to missing data
	Moderate

	
	Bias in measurement of outcomes
	Low

	
	Bias in the selection of reported
results
	Low

	
	Bias
	Moderate risk

	
Up-grading
	Size of effect
	0

	
	Residual confounding
	0

	
	Dose /response
	0

	
	DETAILS
	

	



Downgrading
	


Bias due to confounding: dependent mainly on the high number of missing values in some important prognostic categories.

	
Up-grading
	
Upgrading not indicated

	
	
External validity
	
No

	
	Statistical reporting
	Sufficient for quality assessment

	
	Methodological and statistical
quality
	High



	SINGLE STUDY QUALITY ASSESSMENT
	
Does ECMO improve survival compared to standard treatment in severe ARDS patients?

	Non randomized study
	3
	

	Chiu
	Membranes
	2021

	Patients
	ARDS, PaO2/FiO2 < 80, PEEP > 10,
Peak P > 35
	Centres

	
	ECMO
	1

	control
	Invasive ventilation
	N° patients/centre/year

	Outcome
	Hospital mortality %
	NA

	Outcome quality
	Clinically important
	

	Exposed to treatment
	59.8
	Study duration (days)

	Exposed to control
	77
	NA

	p 0.012 (calculated)
	Delta: -17.2
	Total number of patients

	0.014 (reported)
	
	174

	Undesirable effects
	NR
	Statistical Design: Propensity score matching

	Exposed to treatment
	NR
	

	Exposed to control
	NR
	

	
	ROBINS-I CRITERIA (single study)
	

	





Downgrading
	Bias due to confounding
	Serious

	
	Bias due to selection of
participants
	Critical

	
	Bias in classification of
interventions
	Low

	
	Bias due to deviation from
intended interventions
	Low

	
	Bias due to missing data
	No information

	
	Bias in measurement of outcomes
	Low

	
	Bias in the selection of reported
results
	Low

	
	Bias
	No information

	
Up-grading
	Size of effect
	0

	
	Residual confounding
	0

	
	Dose /response
	0

	
	DETAILS
	

	



Downgrading
	
Bias due to confounding: No stratification in terms of severity of relevant prognostic chronic conditions (generically reported heart failure and COPD), that may affect indication to ECMO. Bias due to selection of participants: Time 0 to assess patients conditions and indications to ECMO were not reported, thus the results may have been influenced by the immortal time bias. Methodological and statistical quality: The study did not account for the immortal time bias.

	
Up-grading
	
Upgrading not indicated

	
	
External validity
	
Single center, ECMO patients recruited over a decade

	
	Statistical reporting
	Sufficient for quality assessment

	
	Methodological and statistical
quality
	Low



	SINGLE STUDY QUALITY ASSESSMENT
	
Does ECMO improve survival compared to standard treatment in severe ARDS patients?

	Non randomized study
	4
	

	Noah
	JAMA
	2011

	Patients
	H1N1 ARDS, PaO2/FiO2 < 100, no
severe comorbidities
	Centres

	treatment
	ECMO
	Multiple

	control
	Invasive ventilation
	N° patients/centre/year

	Outcome
	Hospital mortality %
	NA

	Outcome quality
	Clinically important
	

	Exposed to treatment
	24
	Study duration (days)

	Exposed to control
	46.7
	NA

	p 0.002 (calculated)
	Delta: -22.7
	Total number of patients

	0.008 (reported)
	Propensity score matching
	150

	Undesirable effects
	NR
	Statistical Design: Propensity score matching

	Exposed to treatment
	NR
	

	Exposed to control
	NR
	

	
	ROBINS-I CRITERIA (single study)
	

	





Downgrading
	Bias due to confounding
	Low

	
	Bias due to selection of
participants
	Critical

	
	Bias in classification of
interventions
	Yes

	
	Bias due to deviation from
intended interventions
	Low

	
	Bias due to missing data
	Critical

	
	Bias in measurement of outcomes
	Low

	
	Bias in the selection of reported
results
	Low

	
	Bias
	Low

	
Up-grading
	Size of effect
	0

	
	Residual confounding
	0

	
	Dose /response
	0

	
	DETAILS
	

	



Downgrading
	Bias due to selection of participants: The study did not clearly define time 0 for the indications to ECMO. There is a potential risk of not accounting for the immortal time bias. The striking mortality rate in the first 48 hours in the control arm could indicate that we are deailing in some case with dying patients, acharacteristic that the vvariable included in the model did not capture. Methodological and statistical quality: The study did not clearly define time 0 for the indications to ECMO. There is a potential risk of not accounting for the immortal time bias. The striking mortality in the first 48 hours in the control arm could indicate that we are deailing in some case with dying patients, acharacteristic that the vvariable included in the model did not capture.

	
Up-grading
	
Upgrading not indicated

	
	
External validity
	
No

	
	Statistical reporting
	Sufficient for quality assessment

	
	Methodological and statistical
quality
	Low



	SINGLE STUDY QUALITY ASSESSMENT
	
Does ECMO improve survival compared to standard treatment in severe ARDS patients?

	Non randomized study
	5
	

	Pham
	AJRCCM
	2013

	Patients
	H1N1 ARDS
	Centres

	treatment
	V-V ECMO (87%)
	114

	control
	Invasive ventilation
	N° patients/centre/year

	Outcome
	ICU mortality %
	NA

	Outcome quality
	Clinically important
	

	Exposed to treatment
	40.4
	Study duration (days)

	Exposed to control
	50
	NA

	p 0.322 (calculated)
	Delta: -9.6
	Total number of patients

	0.44 (reported)
	
	104

	Undesirable effects
	NR
	Statistical Design: Propensity score matching

	Exposed to treatment
	NR
	

	Exposed to control
	NR
	

	
	ROBINS-I CRITERIA (single study)
	

	





Downgrading
	Bias due to confounding
	Low

	
	Bias due to selection of
participants
	Critical

	
	Bias in classification of
interventions
	Yes

	
	Bias due to deviation from
intended interventions
	Low

	
	Bias due to missing data
	Critical

	
	Bias in measurement of outcomes
	Low

	
	Bias in the selection of reported
results
	Low

	
	Bias
	Serious

	
Up-grading
	Size of effect
	0

	
	Residual confounding
	0

	
	Dose /response
	0

	
	DETAILS
	

	



Downgrading
	
Bias due to selection of participants: The study did not define time 0 and did not account for the immortal time bias. Bias in measurement of outcomes: ICU mortality does not give the correct picture of outcome when dealing with diseases, such as ARDS, that may be affected by mortality after hospital discharge. Moreover, it may be influenced by discharge policies. Methodological and statistical quality: Exclusion criteria were not clearly reported. The study did not define time 0 and did not account for the immortal time bias.

	
Up-grading
	
Upgrading not indicated

	
	
External validity
	
No

	
	Statistical reporting
	Sufficient for quality assessment

	
	Methodological and statistical
quality
	Low



	SINGLE STUDY QUALITY ASSESSMENT
	
Does ECMO improve survival compared to standard treatment in severe ARDS patients?

	Non randomized study
	6
	

	Whebell
	ICM
	2022

	Patients
	COVID ARDS
	Centres

	treatment
	V-V ECMO
	NA

	control
	Invasive ventilation
	N° patients/centre/year

	Outcome
	Hospital mortality %
	NA

	Outcome quality
	0
	

	Exposed to treatment
	25.8
	Study duration (days)

	Exposed to control
	44
	NA

	< 0.0001 (calculated)
	Delta: -18.2
	Total number of patients

	< 0.001 (reported)
	
	418

	Undesirable effects
	NR
	Statistical Design: Propensity score matching

	Exposed to treatment
	NR
	

	Exposed to control
	NR
	

	
	ROBINS-I CRITERIA (single study)
	

	





Downgrading
	Bias due to confounding
	Low

	
	Bias due to selection of
participants
	Critical

	
	Bias in classification of
interventions
	Yes

	
	Bias due to deviation from
intended interventions
	Low

	
	Bias due to missing data
	Critical

	
	Bias in measurement of outcomes
	Low

	
	Bias in the selection of reported
results
	Low

	
	Bias
	Moderate

	
Up-grading
	Size of effect
	0

	
	Residual confounding
	0

	
	Dose /response
	0

	
	DETAILS
	

	



Downgrading
	

Bias due to selection of participants: The study did not define time 0 and did not account for the immortal time bias. Methodological and statistical quality: The study had several missing values among important variables and did not account for the imortal time bias.

	
Up-grading
	
Upgrading not indicated

	
	
External validity
	
No

	
	Statistical reporting
	Sufficient for quality assessment

	
	Methodological and statistical
quality
	Low




PubMed literature search
The search was performed on March 2022, according to the following string:

(("ECMO"[Title/Abstract] OR "extra-corporeal membrane oxygenation"[Title/Abstract] OR "extracorporeal membrane oxygenation"[Title/Abstract]) AND ("acute respiratory distress syndrome"[Title/Abstract] OR "acute lung injury"[Title/Abstract] OR "ALI"[Title/Abstract] OR "ARDS"[Title/Abstract] OR "COVID"[Title/Abstract] OR "SARS- COV-2"[Title/Abstract] OR "COVID-19"[Title/Abstract] OR "Influenza"[Title/Abstract] OR "H1N1"[Title/Abstract] OR "respiratory failure"[Title/Abstract]) AND 2009/01/01:3000/12/31[Date - Publication]) AND (english[Filter])
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In adult patients with ARDS, does extracorporeal carbon dioxide removal (ECCO2R) compared with conventional ventilation improve outcomes?

Literature search and synthesis
The literature search was limited to the past fifteen years given the technological progresses in the field of extracorporeal CO2 removal techniques. The search provided two randomized controlled trials [1, 2] and no non-randomized trials matching the PICO question (Figure 1).

RANDOMIZED CONTROLLED TRIALS
Clinical heterogeneity
Patients
The first RCT included patients with ARDS with PaO2/FiO2 < 200 mmHg that were submitted to CO2 removal using a “pumpless” approach [1]. The second one, the REST trial, included hypoxemic patients (PaO2/FiO2 < 150 mmHg), with a majority of ARDS (about 60%) [2].

Selected outcomes (and corresponding Forest plots)
The outcome in the first study was hospital mortality, while the second one was focused on 90-day mortality. From the Kaplan-Meier we were able to extrapolate 60-day mortality, that we assumed should roughly resemble hospital mortality. Both studies also investigated ventilator-free days to day 28.
The third outcome we considered regarded the serious events attributable to the intervention.


Individual quality of evidence and methodological heterogeneity
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The studies had some clinical differences. The smallest one used a pumpless approach while the other used a pump-driven approach [1]. This difference was not considered relevant in terms clinical homogeneity, such to contraindicate combination of the two studies in a meta-analysis.
Secondly, the REST trial enrolled about 40% of patients with acute hypoxemic respiratory failure not due to ARDS [2]. This was also considered not relevant in terms of response to the intervention, thus assuming a homogeneous effectiveness of the treatment in ARDS and non-ARDS patients.
The main problem we dealt with was that the first RCT recruited a small number of patients, with a significant risk of having imbalance between the two study arms in terms of important prognostic factors due to random errors. We thus rated down one point for bias, according to the RoB2 and the GRADE tools for individual studies (Figure 4).
The second trial was a study that we rated with no risk of bias according to the GRADE assessment and raising some concerns according to the RoB2 since 8% of the patients in the intervention arm did not receive ECCO2R as allocated. The main features of the two studies are reported in Table 1.
When dealing with ventilator-free days we rated down one point the quality of evidence for lack of blinding. Indeed, this outcome may be influenced by investigators knowing the patients’ allocation.
The two trials did not show any benefit in terms of mortality (Figure 2). Instead, ECCO2R reduced ventilator-free days to day 28 in the REST trial [2], an outcome that was unaffected in the other trial [1] (Figure 3).

Safety
The second trial reported a number of severe side effects attributable to the intervention [2]. Indeed, 9 patients (4.5%) suffered from a cerebral haemorrhage or from bleeding at other sites (3%) in the intervention arm, compared to none and one (0.5%), respectively, in the control arm.





Overall quality of evidence and statistical heterogeneity
Statistical heterogeneity estimate was low, but the high imprecision did not allow ruling out high heterogeneity. This analysis was thus inconclusive.
The meta-analysis did not show any significant differences between the intervention arm and the controls in terms of mortality and ventilator-free days. Safety findings may thus justify the request for a strong recommendation not in favour of the use of ECCO2R, regardless of the level of evidence and considering that there is no evidence that the treatment could be effective.
We rated overall evidence as high against (Table 2), for mortality and moderate against
for ventilator-free days according to the overall GRADE assessment.

COVID-19 PATIENTS
Evidence was considered applicable to COVID-19 patients that where not directly investigated. Consequently, we rated quality of evidence one point down for indirectness, from high to moderate not in favour of the intervention.




































0MEDLINE (PubMed)
221 studies Identified
206 excluded after title and abstract screening
0 full- text from other sources
15 total available for
full-text
screening
13 excluded after full-text screening: 3 not consistent with PICO criteria; 10 not experimental studies [0 meta-
analyses, 7 reviews, 3 other]; 0 observational with inappropriate
2 eligible: 2 RCTs, 0 observational studies

















Figure 1. Article selection diagram according to the PRISMA indications.
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Figure 2. Mortality, ECCO2R vs. conventional treatment in ARDS.




Figure 3. Ventilator-free days at 28 days, ECCO2R vs. conventional treatment in ARDS.





	
	Bein - ICM 2013
Experimental	Control
	McNamee - JAMA 2021 Experimental	Control

	Age (mean, SD)
	49.8 (12)
	48.7 (17)
	60 (51-69)*
	62 (50-70)*

	Females (n, %)
	2 (5)
	9 (23.1)
	64 (32)
	79 (38.5)

	PaO2/FiO2 (mean, SD)
	152 (37)
	168 (37)
	118 (96-134)*
	115 (94-133)*

	DrivPress (mean, SD)
	12.9 (4)
	12.4 (4)
	15 (12-19)*
	16 (12-19)*

	ARDS (n, %)
	40 (100)
	39 (100)
	118 (59)
	130 (63.4)


Table 1. Main patients characteristics in the two RCTs. * median (IQR)Risk of bias
Inconsistency
Indirectness
Imprecision
Publication bias














Table 2. Overall evidence from the meta-analysis of the two trials for the two selected outcomes.Against
✚✚✚☐
Moderate
Against
✚✚✚✚
High
No	No
Serious	No	No
No	No
No	No
No
18.5/245	-1.22
(7.6)	[-3.77, 1.34]
17.1/239 (7.2)
2
87/244	1.83
(35.7)	[0.82, 1.30]
88/240 (36.7)
2
Hospital/60- day mortality

28-day ventilator- free days
Quality
Relative Risk [95%-CI]
Treatment n	Control n (%)		(%)
N. of RCTs
Outcome
Overall quality assessment






	



RoB2
	


Bias arising from the randomization process
	


Bias due to deviations from intended interventions
	
Bias due to	Bias in	se Bias in of
missing	lection
outcome		measurement		the data	of the outcome	reported
result
	



Overall risk of bias

	Bein ICM-2013
McNamee JAMA-2021
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ROB 2 overall risk of bias

Bias arising from the randomization process Bias due to deviations from intended interventions
Bias due to missing outcome data Bias in measurement of the outcome Bias in selection of the reported result
Overall risk of bias

0%	10%	20%	30%	40%	50%	60%	70%	80%	90%	100%
Low risk	Some concerns	High risk

Figure 4. RoB2 assessment of evidence of single trials and overall. The considered outcome was hospital/ 60-day mortality.
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	SINGLE RCT QUALITY ASSESSMENT
	Question: In adult patients with acute respiratory distress syndrome (ARDS) (population), does ECCO2R (intervention) compared with conventional ventilation (comparator) improve outcomes?

	RCT 1
	Parallel
	Superiority
	III

	Bein
	ICM
	2013
	Centers included

	Patients
	ARDS PaO2/FiO2 < 200
	
	8

	Treatment
	TV 3 ml/kg and ECCO2R pumpless technique
	

	Control
	TV 6 ml/kg
	
	

	

Outcome
	

Hospital mortality
	

Unregistered trial
	

	
	
	Outcome quality: Clinically important
	Undesirable effects

	
	
Number of patients
	
n (%)
	Limb ischemia, false aneurysm
%

	Treatment
	40
	7 (17.5)
	7.5

	Control
	39
	6 (15.4) [Expected rate: NA]
	0.0

	Total
	79
	13 (16.5)
	3.8 (p 0.072)

	delta 2.1 (95%-CI -14.7 to 18.7)
	NNTH 47 (95%-CI NNTB 7 to ∞ to NNTH 5)

	Sample size calculation not based on this outcome
	p 0.779 (calculated 0.8)
	Power for the observed delta: 0.04
	Power by design: 0.8

	Planned sample size:
	Sample size needed for observed delta: 9347
	

	Calculated sample size for predicted delta: not computable
	
GRADE CRITERIA
	

	







Downgrade (GRADE AND ROB2)
	Randomization and Allocation concealment
	Yes

	
	Blinding
	No

	
	Selective outcome reporting
	No

	
	Completement of follow-up/Intention to treat
principle observed
	
Yes

	
	Stopping early for benefit
	No

	
	Risk of bias of the single RCT
	Serious

	
	ROB2 CRITERIA
	

	
	Bias arising from the randomization process
	Some concerns

	
	Bias due to deviations from intended interventions
	Low risk

	
	Bias due to missing outcome data
	Low risk

	
	Bias in measurement of the outcome
	Low risk

	
	Bias in selection of the reported result
	Low risk

	
	Overall risk of bias
	Some concerns

	







Comments
	GRADE: Randomization and Allocation concealment: The sampe size was small and randomization may not have achieved a balanced distribution of know and unknown prognostic factors; Blinding: The absence of blinding should not influence mortality; Risk of bias of the single RCT: Serious; ROB2:Overall risk of bias: Some concerns.

	
METHODOLOGICAL AND STATISTICAL QUALITY
	
Statistical reporting (CONSORT)
	
Overall risk of bias
	
External validity issues

	Low
	Partial but sufficient for quality assessment
	GRADE: Serious; ROB2: Some concerns
	No
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	SINGLE RCT QUALITY ASSESSMENT
	Question: In adult patients with acute respiratory distress syndrome (ARDS) (population), does ECCO2R (intervention) compared with conventional ventilation (comparator) improve outcomes?

	RCT 2
	Parallel
	Superiority
	III

	McNamee
	JAMA
	2021
	Centers included

	Patients
	Acute Hypoxemic Respiratory Failure with PaO2/FiO2 < 150
	51

	Treatment
	TV 3 ml/kg and pump ECCO2R
	

	Control
	TV 6 ml/kg
	
	

	

Outcome
	60-day mortality (approximates hospital mortality)
	

Outcome reported in the trial registration
	

	
	
	Outcome quality: Clinically important
	Undesirable effects

	
	
Number of patients
	
n (%)
	
erious procedure-related events

	Treatment
	200
	81 (40.5)
	10.5

	Control
	205
	81 (39.5) [Expected rate: NA]
	0.0

	Total
	405
	162 (40)
	5.2 (p < 0.0001)

	delta 1 (95%-CI -8.5 to 10.4)
	NNTH 101 (95%-CI NNTB 12 to ∞ to NNTH 10)

	Sample size calculation not based on this outcome
	p NA (calculated 0.84)
	Power for the observed delta: 0.04
	Power by design: 0.9

	Planned sample size:
	Sample size needed for observed delta: 80469
	

	Calculated sample size for predicted delta: not computable
	
GRADE CRITERIA
	

	







Downgrade (GRADE AND ROB2)
	Randomization and Allocation concealment
	No

	
	Blinding
	No

	
	Selective outcome reporting
	No

	
	Completement of follow-up/Intention to treat
principle observed
	
Yes

	
	Stopping early for benefit
	No

	
	Risk of bias of the single RCT
	No

	
	ROB2 CRITERIA
	

	
	Bias arising from the randomization process
	Low risk

	
	Bias due to deviations from intended interventions
	Some concerns

	
	Bias due to missing outcome data
	Low risk

	
	Bias in measurement of the outcome
	Low risk

	
	Bias in selection of the reported result
	Low risk

	
	Overall risk of bias
	Some concerns

	







Comments
	GRADE: Blinding: The absence of blinding should not influence mortality; Risk of bias of the single RCT: No risk; ROB2: Bias due to deviations from intended interventions: about 8% of the patients in the intervention group did not receive ECCO2R; Overall risk of bias: Some concerns.

	
METHODOLOGICAL AND STATISTICAL QUALITY
	
Statistical reporting (CONSORT)
	
Overall risk of bias
	
External validity issues

	High
	Adequate
	GRADE: No risk; ROB2: Some concerns
	No
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	SINGLE RCT QUALITY ASSESSMENT
	Question: In adult patients with acute respiratory distress syndrome (ARDS) (population), does ECCO2R (intervention) compared with conventional ventilation (comparator) improve outcomes?

	RCT 1
	Parallel
	Superiority
	III

	Bein
	ICM
	2013
	Centers included

	Patients
	ARDS P/F < 200
	
	8

	Treatment
	TV 3 ml/kg and ECCO2R pumpless technique
	

	Control
	TV 6 ml/kg
	
	

	
Outcome
	Ventilator-free days at day 28
	
Unregistered trial
	

	
	
	Outcome quality: Clinically important
	Undesirable effects

	
	
Number of patients
	
Mean
	Limb ischemia, false aneurysm
%

	Treatment
	40
	10.0
	7.5

	Control
	39
	9.3
	0.0

	Total
	79
	
	3.8 (p 0.072)

	delta 0.7 (-3.06 to 4.46)
	

	Expected delta: 5
	p 0.779 (calculated p 0.716)
	Power for the observed delta: 0.05
	Power by design: 0.8

	Planned sample size: 120 (drop out 10%)
	
Sample size needed for observed delta: 4630
	

	Calculated sample size for predicted delta: 102
	
GRADE CRITERIA
	

	







Downgrade (GRADE AND ROB2)
	Randomization and Allocation concealment
	Yes

	
	Blinding
	No

	
	Selective outcome reporting
	No

	
	Completement of follow-up/Intention to treat
principle observed
	
Yes

	
	Stopping early for benefit
	No

	
	Risk of bias of the single RCT
	Serious

	
	ROB2 CRITERIA
	

	
	Bias arising from the randomization process
	Some concerns

	
	Bias due to deviations from intended interventions
	Low risk

	
	Bias due to missing outcome data
	Low risk

	
	Bias in measurement of the outcome
	Low risk

	
	Bias in selection of the reported result
	Low risk

	
	Overall risk of bias
	Some concerns

	







Comments
	GRADE: Randomization and Allocation concealment: The sampe size was small and randomization may not have achieved a balanced distribution of know and unknown prognostic factors; Blinding: The absence of blinding could influence the number of days free from ventilation; Risk of bias of the single RCT: Serious; ROB2:Overall risk of bias: Some concerns.

	
METHODOLOGICAL AND STATISTICAL QUALITY
	
Statistical reporting (CONSORT)
	
Overall risk of bias
	
External validity issues

	High
	Partial but sufficient for quality assessment
	GRADE: Serious; ROB2: Some concerns
	No
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	SINGLE RCT QUALITY ASSESSMENT
	Question: In adult patients with acute respiratory distress syndrome (ARDS) (population), does ECCO2R (intervention) compared with conventional ventilation (comparator) improve outcomes?

	RCT 2
	Parallel
	Superiority
	III

	McNamee
	JAMA
	2021
	Centers included

	Patients
	Acute Hypoxemic Respiratory Failure
	51

	Treatment
	TV 3 ml/kg and pump ECCO2R
	

	Control
	TV 6 ml/kg
	
	

	
Outcome
	Ventilator-free days at day 28
	
Outcome reported in the trial registration
	

	
	
	Outcome quality: Clinically important
	Undesirable effects

	
	
Number of patients
	
Mean
	
Procedure related events %

	Treatment
	199
	7.1
	25.6

	Control
	206
	9.2
	0.0

	Total
	405
	
	12.6 (p < 0.0001)

	delta -2.1 (-3.86 to -0.34)
	

	Sample size calculation not based on this outcome
	p 0.02 (calculated p 0.02)
	Power for the observed delta: 0.64
	Power by design: 0.9

	
Planned sample size:
	
Sample size needed for observed delta: 780
	

	Calculated sample size for predicted delta: not computable
	
GRADE CRITERIA
	

	







Downgrade (GRADE AND ROB2)
	Randomization and Allocation concealment
	Yes

	
	Blinding
	No

	
	Selective outcome reporting
	No

	
	Completement of follow-up/Intention to treat
principle observed
	
Yes

	
	Stopping early for benefit
	No

	
	Risk of bias of the single RCT
	Serious

	
	ROB2 CRITERIA
	

	
	Bias arising from the randomization process
	Low risk

	
	Bias due to deviations from intended interventions
	Some concerns

	
	Bias due to missing outcome data
	Low risk

	
	Bias in measurement of the outcome
	Low risk

	
	Bias in selection of the reported result
	Low risk

	
	Overall risk of bias
	Some concerns

	







Comments
	
GRADE: Blinding: The absence of blinding could influence the number of days free from ventilation; Risk of bias of the single RCT: Serious; ROB2: Bias due to deviations from intended interventions: about 8% of the patients in the intervention group did not receive ECCO2R; Overall risk of bias: Some concerns.

	
METHODOLOGICAL AND STATISTICAL QUALITY
	
Statistical reporting (CONSORT)
	
Overall risk of bias
	
External validity issues

	High
	Adequate
	GRADE: Serious; ROB2: Some concerns
	No
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The search was performed on March 2022, according to the following string:

(("Extracorporeal CO2 removal"[Title/Abstract] OR "Extra-corporeal CO2 removal"[Title/Abstract] OR "Extracorporeal carbon dioxide removal"[Title/Abstract] OR "Extra-corporeal carbon dioxide removal"[Title/Abstract] OR "Extracorporeal CO2"[Title/Abstract] OR "Extra-corporeal CO2"[Title/Abstract] OR "Extracorporeal carbon dioxide"[Title/Abstract] OR "ecco 2 r"[Title/Abstract] OR "ECCO2R"[Title/Abstract] OR "ECCO2"[Title/Abstract] OR "ecco 2"[Title/Abstract]) AND ("acute respiratory distress syndrome"[Title/Abstract] OR "acute lung injury"[Title/Abstract] OR "ALI"[Title/Abstract] OR "ARDS"[Title/Abstract] OR "COVID"[Title/Abstract] OR "SARS-COV-2"[Title/Abstract] OR "COVID- 19"[Title/Abstract] OR "Influenza"[Title/Abstract] OR "H1N1"[Title/Abstract] OR "respiratory failure"[Title/Abstract])) AND ((english[Filter]) AND (2008:2022[pdat]))
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