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Online resource 1. Extensive study methodology 

 

Combining randomized and non-randomized controlled trials 

  

Combining randomized controlled trials (RCTs) and non-RCTs is controversial and requires careful 

consideration to ensure the credibility of results. As recommended by Cochrane, with respect to the inclusion 

of non-RCTs in systematic reviews [S1,S2], we scoped the available evidence on Pubmed and reasoned that: 

1) the number of available RCTs addressing our participants, interventions, comparisons, and outcomes 

(PICO) question (i.e., association of prone positioning vs. no prone positioning with 28-day mortality in 

adult patients receiving veno-venous extracorporeal membrane oxygenation [ECMO] for acute hypoxemic 

respiratory failure [AHRF]) could have been insufficient, as we found no RCT assessing 28-day mortality; 2) 

most non-RCTs could have addressed the PICO question without critical risk of bias, as many employed a 

propensity score-based analysis to reduce the impact of confounding variables by matching individuals with 

similar likelihood of receiving the treatment in the two groups; 3) most non-RCTs could have addressed the 

PICO question directly with respect to the intervention, the comparator, the outcome, and the setting. After 

conducting the literature search and citation selection and applying the Risk Of Bias In Non-randomised 

Studies of Interventions (ROBINS-I) tool, we could confirm that no RCT reported on 28-day mortality and 

only 10% (2/20) of non-RCTs were considered at critical risk of bias. Therefore, we concluded that the 

inclusion of non-RCTs in our study was methodologically adequate. 

 

Data collection 

 

Search results were merged and duplicate records of the same report were removed. The remaining 

studies were stored using Microsoft Excel software (Microsoft Corporation, Redmond, WA). Eight 

researchers (MB, RCes, RCec, GPan, VF, GPac, EP, GM) performed the citation selection based on titles, 

abstracts, and full texts and the subsequent data extraction in a blind independent fashion. Specifically, the 

eight researchers were split into four couples, each analyzing the same number of articles. Excluded full texts 

were listed and reasons for exclusions were detailed (Online Resource 4).  
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Data from included studies were extracted and recorded using a Microsoft Excel specific report 

form. Two researchers (TP, EB) independently verified all extracted data for accuracy. Any disagreement on 

both study selection and data extraction were resolved by referral to another author (NS), if necessary. The 

following information was collected: first author, year of the study, study design and setting, baseline patient 

characteristics in the prone positioning and no prone positioning groups, indications for prone positioning 

and details on the number and duration of proning sessions, and primary and secondary outcomes. For the 

ECMO duration, invasive mechanical ventilation duration, intensive care unit (ICU) length of stay, and 

hospital length of stay outcomes, we considered the absolute numbers of patients that, in the two groups, 

were successfully weaned from ECMO, were successfully weaned from invasive mechanical ventilation, 

survived in the ICU, and survived in the hospital, respectively, to pool data from individual studies. When 

data on any mortality outcome for the two groups were not detailed, we contacted the corresponding author 

of the original study with three subsequent e-mails, each one week apart from the previous one.  

 

Quality and certainty of evidence assessments 

 

Six researchers (EB, NS, ADC, MC, FZ, AB) were split into three couples and assessed the risk of 

bias of the same number of studies. Specifically, each member of the couple independently evaluated the 

quality of included RCTs and non-RCTs by using the risk of bias (RoB) 2 [S3] and the ROBINS-I 

assessment tools, respectively [S4]. Disagreements were resolved by discussion with another author (NS), if 

necessary.  

The RoB2 examines five domains of bias: randomization process, deviations from intended 

interventions, missing outcome data, measurement of the outcome, and selection of the reported results. The 

study-level risk of bias is expressed on a three-grade scale, i.e., low, high or some concerns [S3]. The 

ROBINS-I considers seven domains of bias: confounding, selection of participants, classification of 

interventions, deviations from intended interventions, missing data, measurement of outcomes, and selection 

of the reported result. The study-level risk of bias is described on a four-grade scale, i.e., low, moderate, 

serious, and critical [S4].  
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The grades of recommendation, assessment, development and evaluation (GRADE) approach, 

addressing the domains of risk of bias, inconsistency, indirectness, imprecision, publication bias, large effect, 

plausible confounding, and dose-response gradient, was used to rate the certainty of evidence (CoE) related 

to the primary outcome and the following secondary outcomes: ICU, hospital, and 60-day mortality, ECMO 

duration, ECMO weaning, 28-day ventilator-free days, and hospital length of stay. To handle imprecision for 

qualitative outcomes, we verified whether the optimal information size (OIS) criterion was met for all 

conventional relative risk reductions (RRRs) of 20%, 25%, and 30%. For quantitative outcomes, we 

calculated the OIS with R version 4.3.3 (The R Foundation for Statistical Computing, Vienna, Austria) using 

the “pwr” packages with the varying standard deviations reported for control group by the studies assessing 

each outcome. Second, we assessed whether the 95% confidence interval (CI) excluded the null effect. If it 

did, we judged the precision as adequate. Otherwise, when the CI overlapped the null effect and failed to 

exclude important benefit or important harm, we downgraded the certainty of evidence for imprecision [S5]. 

 

Data synthesis and analysis 

 

Meta-analyses were performed using a random-effects model to account for between-study 

heterogeneity [S6]. The treatment effect for dichotomous outcomes was analyzed with the Mantel-Haenszel 

method and expressed as odds ratio (OR) with 95% CI. The treatment effect for continuous outcomes was 

analyzed with the inverse variance method and expressed as mean difference (MD) or standardized mean 

difference (SMD) with 95% CI, as appropriate. When a non-randomized controlled trial (RCT) employed a 

propensity score matching analysis to balance confounding factors between the treatment groups, data from 

this analysis were used in the meta-analyses. Where necessary, we converted the reported median and 

interquartile range to estimated mean and standard deviation using a standard approach [S7]. When no events 

were observed in any of the groups in an individual study, a fixed value of 1 was added as a continuity 

correction to the cells corresponding to the number of events [S6]. When the number of studies for an 

outcome was ≥ 10 and no evidence for publication bias was found, the 95% prediction interval (PI) was 

reported alongside the 95% CI as an estimate of the dispersion of the true effect size across different study 
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conditions. A prediction interval represents the interval the mean effect of a new study will fall in when 

included [S6]. 

Statistical heterogeneity for the outcomes among studies was assessed using the χ2 test, the I² test, 

and τ2. We considered I² ≥ 75% and p < 0.100 as considerable heterogeneity [S6]. Publication bias was 

assessed by visually inspecting a funnel plot for potential asymmetry and Egger’s test was applied when the 

number of studies was ≥ 10 [S8]. The Doi plot, allowing better visual representation of asymmetry than the 

funnel plot, and the LFK index, demonstrating higher diagnostic accuracy than the Egger's regression result, 

were used as reference for publication bias detection, when the number of studies was ≥ 5 [S9]. 

Provided the number of studies reporting on the primary outcome was ≥ 10, meta-regression 

analyses were conducted to assess whether the strength of the association between the use prone positioning 

and lower 28-day mortality was significantly influenced by the following covariates [S6]: 1) qualitative 

variables used for subgroup analyses, i.e., pulmonary vs. extra-pulmonary AHRF, Coronavirus disease 

(Covid)-19 vs. non-Covid-19 AHRF, RCTs vs. non-RCTs, high- vs. low-volume ECMO centers [S10], 

number of proning cycles per patient > 1 vs. equal to 1; 2) quantitative variables potentially mediating the 

association between prone positioning and outcome, i.e., patients’ age, gender, and body mass index, 

immunosuppression, the percent of patients with pneumonia as primary risk factor for acute respiratory 

distress syndrome, sequential organ failure assessment score, duration of invasive mechanical ventilation 

before ECMO cannulation, the percent of patients receiving prone ventilation before ECMO cannulation, 

arterial partial pressure of oxygen to fraction of inspired oxygen ratio before ECMO cannulation, and driving 

pressure and compliance of the respiratory system before ECMO cannulation [S11,S12]. We also 

investigated whether the duration of ECMO before prone positioning and the number and duration of 

proning cycles during ECMO mediated the association between prone positioning and 28-day mortality. The 

value of R2, informing on the amount of the difference in true effect sizes that can be explained by each 

covariate, and the I2 equivalent, corresponding to the residual variability attributable to the remaining 

between-study heterogeneity after inclusion of the covariate, were reported. 

A trial sequential analysis was planned for 28-day and/or hospital mortality when at least two RCTs 

reported on mortality. We considered a type I error of 5%, a power of 90%, and a mortality proportion in the 

no prone positioning arm calculated as the event proportion in this group among the included studies [S13]. 
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The two-sided α-spending boundaries and futility area were computed with the O’Brien-Fleming function. 

The OR reduction percentage was calculated based on a 10%-relative decrease in mortality (arbitrarily set as 

a clinically significant threshold) and the required information size was calculated accordingly [S13]. 

All analyses were performed with R version 4.3.3 (The R Foundation for Statistical Computing, 

Vienna, Austria) with the “meta”, “metafor”, and “metasens” packages and the Trial Sequential Analysis 

software version 0.9.5.10 Beta (The Copenhagen Trial Unit, Centre for Clinical Intervention Research, 

Copenhagen). For all analyses, two-sided p-values < 0.05 were considered significant. 
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Online Resource 2. Preferred reporting items for systematic reviews and meta-analyses 

(PRISMA) checklist [S14] 

 

Topic No. Item 

Location 

where item 

is reported 

TITLE    

Title 1 Identify the report as a systematic review.  Page 1 

ABSTRACT    

Abstract 2 See the PRISMA 2020 for Abstracts checklist Pages 2, 3 

INTRODUCTION    

Rationale 3 
Describe the rationale for the review in the 

context of existing knowledge.  
Pages 5, 6 

Objectives 4 

Provide an explicit statement of the 

objective(s) or question(s) the review 

addresses. 

Page 6 

METHODS    

Eligibility criteria 5 

Specify the inclusion and exclusion criteria for 

the review and how studies were grouped for 

the syntheses. 

Page 6,7 

Information sources 6 

Specify all databases, registers, websites, 

organisations, reference lists and other sources 

searched or consulted to identify studies. 

Specify the date when each source was last 

searched or consulted. 

Page 7 

Search strategy 7 

Present the full search strategies for all 

databases, registers and websites, including 

any filters and limits used. 

Online 

resource 3 

6



Selection process 8 

Specify the methods used to decide whether a 

study met the inclusion criteria of the review, 

including how many reviewers screened each 

record and each report retrieved, whether they 

worked independently, and if applicable, 

details of automation tools used in the process. 

Pages 7, 8 

Online 

Resource 1 

Data collection 

process 
9 

Specify the methods used to collect data from 

reports, including how many reviewers 

collected data from each report, whether they 

worked independently, any processes for 

obtaining or confirming data from study 

investigators, and if applicable, details of 

automation tools used in the process.  

Page 8 

Online 

Resource 1 

Data items 10a 

List and define all outcomes for which data 

were sought. Specify whether all results that 

were compatible with each outcome domain in 

each study were sought (e.g. for all measures, 

time points, analyses), and if not, the methods 

used to decide which results to collect. 

Page 6, 7 

 10b 

List and define all other variables for which 

data were sought (e.g. participant and 

intervention characteristics, funding sources). 

Describe any assumptions made about any 

missing or unclear information. 

Page 7 

Online 

resource 1 

Study risk of bias 

assessment 
11 

Specify the methods used to assess risk of bias 

in the included studies, including details of the 

tool(s) used, how many reviewers assessed 

each study and whether they worked 

independently, and if applicable, details of 

automation tools used in the process.  

Page 8 

Online 

resource 1 

Effect measures 12 

Specify for each outcome the effect measure(s) 

(e.g. risk ratio, mean difference) used in the 

synthesis or presentation of results. 

Online 

resource 1 
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Synthesis methods 13a 

Describe the processes used to decide which 

studies were eligible for each synthesis (e.g. 

tabulating the study intervention 

characteristics and comparing against the 

planned groups for each synthesis (item 5)). 

Pages 6-8 

Online 

resource 1 

 

13b 

Describe any methods required to prepare the 

data for presentation or synthesis, such as 

handling of missing summary statistics, or data 

conversions. 

Online 

resource 1 

13c 

Describe any methods used to tabulate or 

visually display results of individual studies 

and syntheses. 

Page 9 

Online 

resource 1 

13d 

Describe any methods used to synthesize 

results and provide a rationale for the 

choice(s). If meta-analysis was performed, 

describe the model(s), method(s) to identify 

the presence and extent of statistical 

heterogeneity, and software package(s) used. 

Pages 9 

Online 

resource 1 

13e 

Describe any methods used to explore possible 

causes of heterogeneity among study results 

(e.g. subgroup analysis, meta-regression). 

Page 9 

Online 

resource 1 

13f 
Describe any sensitivity analyses conducted to 

assess robustness of the synthesized results. 
Page 9 

Reporting bias 

assessment 
14 

Describe any methods used to assess risk of 

bias due to missing results in a synthesis 

(arising from reporting biases). 

Page 8, 9 

Online 

resource 1 

Certainty assessment 15 

Describe any methods used to assess certainty 

(or confidence) in the body of evidence for an 

outcome. 

Page 8 

RESULTS    
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Study selection 16a 

Describe the results of the search and selection 

process, from the number of records identified 

in the search to the number of studies included 

in the review, ideally using a flow diagram. 

Pages 10, 11 

 16b 

Cite studies that might appear to meet the 

inclusion criteria, but which were excluded, 

and explain why they were excluded. 

Online 

resource 4 

Study characteristics 17 
Cite each included study and present its 

characteristics. 

Online 

resource 5 

Risk of bias in 

studies 
18 

Present assessments of risk of bias for each 

included study. 

Pages 12 

Online 

resource 6 

Results of individual 

studies 
19 

For all outcomes, present, for each study: (a) 

summary statistics for each group (where 

appropriate) and (b) an effect estimate and its 

precision (e.g. confidence/credible interval), 

ideally using structured tables or plots. 

Pages 13-15 

Online 

resource 8 

Results of syntheses 20a 

For each synthesis, briefly summarise the 

characteristics and risk of bias among 

contributing studies. 

Table 1 

 

20b 

Present results of all statistical syntheses 

conducted. If meta-analysis was done, present 

for each the summary estimate and its 

precision (e.g. confidence/credible interval) 

and measures of statistical heterogeneity. If 

comparing groups, describe the direction of the 

effect. 

Pages 13-15 

Online 

resource 8 

20c 
Present results of all investigations of possible 

causes of heterogeneity among study results. 

Page 14 

Online 

resources 

10, 11 
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20d 

Present results of all sensitivity analyses 

conducted to assess the robustness of the 

synthesized results. 

Page 13 

Online 

resource 9 

Reporting biases 21 

Present assessments of risk of bias due to 

missing results (arising from reporting biases) 

for each synthesis assessed. 

Page 12, 

Online 

resource 7 

Certainty of evidence 22 

Present assessments of certainty (or 

confidence) in the body of evidence for each 

outcome assessed. 

Pages 13-15 

Table 1 

DISCUSSION    

Discussion 23a 
Provide a general interpretation of the results 

in the context of other evidence. 
Pages 15, 16 

 

23b 
Discuss any limitations of the evidence 

included in the review. 
Page 16, 17 

23c 
Discuss any limitations of the review 

processes used. 
Page 17, 18 

23d 
Discuss implications of the results for practice, 

policy, and future research. 
Pages 15-18 

OTHER 

INFORMATION 
   

Registration and 

protocol 
24a 

Provide registration information for the 

review, including register name and 

registration number, or state that the review 

was not registered.  

Page 6 

 24b 

Indicate where the review protocol can be 

accessed, or state that a protocol was not 

prepared. 

Page 6 
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24c 

Describe and explain any amendments to 

information provided at registration or in the 

protocol. 

Not 

applicable 

Support 25 

Describe sources of financial or non-financial 

support for the review, and the role of the 

funders or sponsors in the review. 

Page 4 

Competing interests 26 
Declare any competing interests of review 

authors. 
Page 3 

Availability of data, 

code and other 

materials 

27 

Report which of the following are publicly 

available and where they can be found: 

template data collection forms; data extracted 

from included studies; data used for all 

analyses; analytic code; any other materials 

used in the review. 

Page 4 

 

PRISMA Abstract Checklist 

Topic No. Item Reported? 

TITLE    

Title 1 Identify the report as a systematic review. Yes 

BACKGROUND    

Objectives 2 
Provide an explicit statement of the main 

objective(s) or question(s) the review addresses. 
Yes 

METHODS    

Eligibility criteria 3 
Specify the inclusion and exclusion criteria for the 

review. 
Yes 

Information 

sources 
4 

Specify the information sources (e.g. databases, 

registers) used to identify studies and the date 

when each was last searched.  

Yes 

11



Risk of bias 5 
Specify the methods used to assess risk of bias in 

the included studies. 
Yes 

Synthesis of 

results 
6 

Specify the methods used to present and synthesize 

results.  
Yes 

RESULTS    

Included studies 7 

Give the total number of included studies and 

participants and summarise relevant characteristics 

of studies. 

Yes 

Synthesis of 

results 
8 

Present results for main outcomes, preferably 

indicating the number of included studies and 

participants for each. If meta-analysis was done, 

report the summary estimate and 

confidence/credible interval. If comparing groups, 

indicate the direction of the effect (i.e. which 

group is favoured). 

Yes 

DISCUSSION    

Limitations of 

evidence 
9 

Provide a brief summary of the limitations of the 

evidence included in the review (e.g. study risk of 

bias, inconsistency and imprecision). 

Yes 

Interpretation 10 
Provide a general interpretation of the results and 

important implications. 
Yes 

OTHER    

Funding 11 
Specify the primary source of funding for the 

review. 

Not 

applicable 

Registration 12 Provide the register name and registration number. Yes 
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Online Resource 3. Electronic search strategies  

 

Ovid MEDLINE(R) and Epub Ahead of Print, In-Process, In-Data-Review & Other Non-Indexed 

Citations, Daily and Versions 1946 to September 19, 2024 

Total citations: 534  

  

1 exp Extracorporeal Membrane Oxygenation/ 16629 

2 veno-venous extracorporeal membrane 

oxygenation.mp. 

926 

3 vv-ECMO.mp. 1293 

4 veno-venous-ECMO.mp. 436 

5 ECLS.mp. 1991 

6 extracorporeal life support.mp. 3353 

7 Extracorporeal Circulation/ 13275 

8 Oxygenators, Membrane/ 1833 

9 Oxygenators, Membrane.mp. 1836 

10 Extracorporeal Circulation.mp. 17364 

11 ECMO.mp. 14667 

12 extra-corporeal life support.mp. 87 

13 ecmo.mp. 14667 

14 ecco2r.mp. 249 

15 extra-corporeal CO2 removal.mp. 7 

16 Heart-Lung Machine.mp. 2593 

17 Heart-Lung Machine/ 2117 

18 AV-ECMO.mp. 22 

19 avECMO.mp. 1 

20 VA-ECMO.mp. 2129 

21 vaECMO.mp. 36 

22 vvECMO.mp. 76 

23 vav-ECMO.mp. 23 

24 vva-ECMO.mp. 7 

25 vvaECMO.mp. 1 

26 ecpr.mp. 947 

27 ECPR.mp. 947 

28 E-CPR.mp. 117 

29 cardiac lung machine.mp. 0 
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30 cardiac pulmonary machine.mp. 0 

31 CardioHelp.mp. 32 

32 1 or 2 or 3 or 4 or 5 or 6 or 7 or 8 or 9 or 10 or 11 or 

12 or 13 or 14 or 15 or 16 or 17 or 18 or 19 or 20 or 

21 or 22 or 23 or 24 or 25 or 26 or 27 or 28 or 29 or 

30 or 31 

43134 

33 Pronation.mp. 5956 

34 Pronation/ 1781 

35 prone position.mp. 9566 

36 prone positioning.mp. 2404 

37 proning.mp. 332 

38 prone patient.mp. 169 

39 prone patients.mp. 451 

40 Patient Positioning/ 8138 

41 face down.mp. 548 

42 resupine.mp. 2 

43 decubitus.mp. 6318 

44 alternative decubitus.mp. 0 

45 patient positioning.mp. 11094 

46 patients positioning.mp. 121 

47 posture.mp. 90035 

48 Posture/ 68502 

49 33 or 34 or 35 or 36 or 37 or 38 or 39 or 40 or 41 or 

42 or 43 or 44 or 45 or 46 or 47 or 48 

119452 

50 32 and 49 534 

 

 

Embase 1974 to 2024 September 20 

Total citations: 1771 

 

1 exp Extracorporeal Membrane Oxygenation/ 49337 

2 veno-venous extracorporeal membrane 

oxygenation.mp. 

1561 

3 vv-ECMO.mp. 3165 

4 veno-venous-ECMO.mp. 4589 

5 ECLS.mp. 3466 

14



6 extracorporeal life support.mp. 5300 

7 Extracorporeal Circulation/ 19621 

8 Oxygenators, Membrane/ 1146 

9 Oxygenators, Membrane.mp. 12 

10 Extracorporeal Circulation.mp. 22835 

11 ECMO.mp. 33129 

12 extra-corporeal life support.mp. 247 

13 ecmo.mp. 33129 

14 ecco2r.mp. 433 

15 extra-corporeal CO2 removal.mp. 17 

16 Heart-Lung Machine.mp. 2094 

17 Heart-Lung Machine/ 1476 

18 AV-ECMO.mp. 61 

19 avECMO.mp. 3 

20 VA-ECMO.mp. 5251 

21 vaECMO.mp. 318 

22 vvECMO.mp. 288 

23 vav-ECMO.mp. 70 

24 vva-ECMO.mp. 20 

25 vvaECMO.mp. 3 

26 ecpr.mp. 1825 

27 ECPR.mp. 1825 

28 E-CPR.mp. 283 

29 cardiac lung machine.mp. 0 

30 cardiac pulmonary machine.mp. 0 

31 CardioHelp.mp. 493 

32 1 or 2 or 3 or 4 or 5 or 6 or 7 or 8 or 9 or 10 or 11 or 

12 or 13 or 14 or 15 or 16 or 17 or 18 or 19 or 20 or 

21 or 22 or 23 or 24 or 25 or 26 or 27 or 28 or 29 or 

30 or 31 

82428 

33 Pronation.mp. 7176 

34 Pronation/ 2497 

35 prone position.mp. 15377 

36 prone positioning.mp. 3595 

37 proning.mp. 796 

38 prone patient.mp. 227 

15



39 prone patients.mp. 616 

40 Patient Positioning/ 24649 

41 face down.mp. 703 

42 resupine.mp. 3 

43 decubitus.mp. 32024 

44 alternative decubitus.mp. 0 

45 patient positioning.mp. 26614 

46 patients positioning.mp. 250 

47 posture.mp. 85629 

48 Posture/ 28208 

49 33 or 34 or 35 or 36 or 37 or 38 or 39 or 40 or 41 or 

42 or 43 or 44 or 45 or 46 or 47 or 48 

173439 

50 32 and 49 1771 

 

 

Pubmed  

Total citations: 1177 

 

("extracorporeal membrane oxygenation"[MeSH Terms] OR ("extracorporeal"[All Fields] AND 

"membrane"[All Fields] AND "oxygenation"[All Fields]) OR "extracorporeal membrane 

oxygenation"[All Fields] OR ("extracorporeal membrane oxygenation"[MeSH Terms] OR 

("extracorporeal"[All Fields] AND "membrane"[All Fields] AND "oxygenation"[All Fields]) OR 

"extracorporeal membrane oxygenation"[All Fields] OR ("veno"[All Fields] AND "venous"[All 

Fields] AND "extracorporeal"[All Fields] AND "membrane"[All Fields] AND "oxygenation"[All 

Fields]) OR "veno venous extracorporeal membrane oxygenation"[All Fields]) OR ("extracorporeal 

membrane oxygenation"[MeSH Terms] OR ("extracorporeal"[All Fields] AND "membrane"[All 

Fields] AND "oxygenation"[All Fields]) OR "extracorporeal membrane oxygenation"[All Fields] OR 

("vv"[All Fields] AND "ecmo"[All Fields]) OR "vv ecmo"[All Fields]) OR "veno-venous-

ECMO"[All Fields] OR "ECLS"[All Fields] OR ("extracorporeal membrane oxygenation"[MeSH 

Terms] OR ("extracorporeal"[All Fields] AND "membrane"[All Fields] AND "oxygenation"[All 

Fields]) OR "extracorporeal membrane oxygenation"[All Fields] OR ("extracorporeal"[All Fields] 

AND "life"[All Fields] AND "support"[All Fields]) OR "extracorporeal life support"[All Fields]) OR 

("extracorporeal circulation"[MeSH Terms] OR ("extracorporeal"[All Fields] AND "circulation"[All 

Fields]) OR "extracorporeal circulation"[All Fields]) OR ("oxygenators, membrane"[MeSH Terms] 

OR ("oxygenators"[All Fields] AND "membrane"[All Fields]) OR "membrane oxygenators"[All 

Fields] OR "oxygenators membrane"[All Fields]) OR ("extracorporeal circulation"[MeSH Terms] OR 

("extracorporeal"[All Fields] AND "circulation"[All Fields]) OR "extracorporeal circulation"[All 
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Fields]) OR ("extracorporeal membrane oxygenation"[MeSH Terms] OR ("extracorporeal"[All 

Fields] AND "membrane"[All Fields] AND "oxygenation"[All Fields]) OR "extracorporeal 

membrane oxygenation"[All Fields] OR "ecmo"[All Fields]) OR ("extra-corporeal"[All Fields] AND 

("life"[MeSH Terms] OR "life"[All Fields]) AND ("support"[All Fields] OR "support s"[All Fields] 

OR "supported"[All Fields] OR "supporter"[All Fields] OR "supporter s"[All Fields] OR 

"supporters"[All Fields] OR "supporting"[All Fields] OR "supportive"[All Fields] OR 

"supportiveness"[All Fields] OR "supports"[All Fields])) OR ("extracorporeal membrane 

oxygenation"[MeSH Terms] OR ("extracorporeal"[All Fields] AND "membrane"[All Fields] AND 

"oxygenation"[All Fields]) OR "extracorporeal membrane oxygenation"[All Fields] OR "ecmo"[All 

Fields]) OR "ecco2r"[All Fields] OR ("extra-corporeal"[All Fields] AND "CO2"[All Fields] AND 

("removability"[All Fields] OR "removal"[All Fields] OR "removals"[All Fields] OR "remove"[All 

Fields] OR "removed"[All Fields] OR "removement"[All Fields] OR "remover"[All Fields] OR 

"removers"[All Fields] OR "removes"[All Fields] OR "removing"[All Fields])) OR ("heart lung 

machine"[MeSH Terms] OR ("heart lung"[All Fields] AND "machine"[All Fields]) OR "heart lung 

machine"[All Fields] OR ("heart"[All Fields] AND "lung"[All Fields] AND "machine"[All Fields]) 

OR "heart lung machine"[All Fields]) OR ("heart lung machine"[MeSH Terms] OR ("heart lung"[All 

Fields] AND "machine"[All Fields]) OR "heart lung machine"[All Fields] OR ("heart"[All Fields] 

AND "lung"[All Fields] AND "machine"[All Fields]) OR "heart lung machine"[All Fields]) OR "AV-

ECMO"[All Fields] OR "avECMO"[All Fields] OR ("extracorporeal membrane oxygenation"[MeSH 

Terms] OR ("extracorporeal"[All Fields] AND "membrane"[All Fields] AND "oxygenation"[All 

Fields]) OR "extracorporeal membrane oxygenation"[All Fields] OR ("va"[All Fields] AND 

"ecmo"[All Fields]) OR "va ecmo"[All Fields]) OR "vaECMO"[All Fields] OR "vvECMO"[All 

Fields] OR ("v-v"[All Fields] AND ("extracorporeal membrane oxygenation"[MeSH Terms] OR 

("extracorporeal"[All Fields] AND "membrane"[All Fields] AND "oxygenation"[All Fields]) OR 

"extracorporeal membrane oxygenation"[All Fields] OR "ecmo"[All Fields])) OR "v-vECMO"[All 

Fields] OR "vav-ECMO"[All Fields] OR "vva-ECMO"[All Fields] OR "vvaECMO"[All Fields] OR 

"ECPR"[All Fields] OR "ECPR"[All Fields] OR "E-CPR"[All Fields] OR (("cardiacs"[All Fields] OR 
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Fields])) OR (("cardiacs"[All Fields] OR "heart"[MeSH Terms] OR "heart"[All Fields] OR 
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position"[All Fields] OR "prone"[All Fields]) AND ("patient positioning"[MeSH Terms] OR 
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"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 
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"position"[All Fields]) OR "prone position"[All Fields] OR "prone"[All Fields]) AND ("patient s"[All 

Fields] OR "patients"[MeSH Terms] OR "patients"[All Fields] OR "patient"[All Fields] OR "patients 
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Fields]) OR (("alternance"[All Fields] OR "alternances"[All Fields] OR "alternant"[All Fields] OR 

"alternants"[All Fields] OR "alternate"[All Fields] OR "alternated"[All Fields] OR "alternately"[All 

Fields] OR "alternates"[All Fields] OR "alternating"[All Fields] OR "alternation"[All Fields] OR 

"alternations"[All Fields] OR "alternative"[All Fields] OR "alternatively"[All Fields] OR 

"alternatives"[All Fields]) AND ("pressure ulcer"[MeSH Terms] OR ("pressure"[All Fields] AND 

"ulcer"[All Fields]) OR "pressure ulcer"[All Fields] OR "decubitus"[All Fields])) OR ("patient 

positioning"[MeSH Terms] OR ("patient"[All Fields] AND "positioning"[All Fields]) OR "patient 

positioning"[All Fields]) OR ("patient positioning"[MeSH Terms] OR ("patient"[All Fields] AND 

"positioning"[All Fields]) OR "patient positioning"[All Fields] OR ("patients"[All Fields] AND 

"positioning"[All Fields]) OR "patients positioning"[All Fields]) OR ("postural"[All Fields] OR 

"posturally"[All Fields] OR "posture"[MeSH Terms] OR "posture"[All Fields] OR "postures"[All 

Fields] OR "postured"[All Fields] OR "posturing"[All Fields])) 

 

 

Scopus  

Total citations: 1350 

 

((Extracorporeal Membrane Oxygenation) OR (veno-venous extracorporeal membrane oxygenation) 

OR (vv-ECMO) OR (veno-venous-ECMO) OR (ECLS) OR (extracorporeal life support) OR 

(Extracorporeal Circulation) OR (Oxygenators, Membrane) OR (Extracorporeal Circulation) OR 

(ECMO) OR (extra-corporeal life support) OR (ecmo) OR (ecco2r) OR (extra-corporeal CO2 

removal) OR (Heart-Lung Machine) OR (Heart-Lung Machine) OR (AV-ECMO) OR (avECMO) OR 

(VA-ECMO) OR (vaECMO) OR (vvECMO) OR (v-v ECMO) OR (v-vECMO) OR (vav-ECMO) OR 
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(vva-ECMO) OR (vvaECMO) OR (ecpr) OR (ECPR) OR (E-CPR) OR (cardiac lung machine) OR 

(cardiac pulmonary machine) OR (CardioHelp)) AND ((Pronation) OR (prone position) OR (prone 

positioning) OR (proning) OR (prone patient) OR (prone patients) OR (Patient Positioning) OR (face 

down) OR (resupine) OR (decubitus) OR (alternative decubitus) OR (patient positioning) OR 

(patients positioning) OR (posture)) 

 

 

Web of Science  

Total citations: 1033 

 

((Extracorporeal Membrane Oxygenation) OR (veno-venous extracorporeal membrane oxygenation) 

OR (vv-ECMO) OR (veno-venous-ECMO) OR (ECLS) OR (extracorporeal life support) OR 

(Extracorporeal Circulation) OR (Oxygenators, Membrane) OR (Extracorporeal Circulation) OR 

(ECMO) OR (extra-corporeal life support) OR (ecmo) OR (ecco2r) OR (extra-corporeal CO2 

removal) OR (Heart-Lung Machine) OR (Heart-Lung Machine) OR (AV-ECMO) OR (avECMO) OR 

(VA-ECMO) OR (vaECMO) OR (vvECMO) OR (v-v ECMO) OR (v-vECMO) OR (vav-ECMO) OR 

(vva-ECMO) OR (vvaECMO) OR (ecpr) OR (ECPR) OR (E-CPR) OR (cardiac lung machine) OR 

(cardiac pulmonary machine) OR (CardioHelp)) AND ((Pronation) OR (prone position) OR (prone 

positioning) OR (proning) OR (prone patient) OR (prone patients) OR (Patient Positioning) OR (face 

down) OR (resupine) OR (decubitus) OR (alternative decubitus) OR (patient positioning) OR 

(patients positioning) OR (posture)) 

 

 

CENTRAL  

Total citations: 649 

 

((Extracorporeal Membrane Oxygenation) OR (veno-venous extracorporeal membrane oxygenation) 

OR (vv-ECMO) OR (veno-venous-ECMO) OR (ECLS) OR (extracorporeal life support) OR 

(Extracorporeal Circulation) OR (Oxygenators, Membrane) OR (Extracorporeal Circulation) OR 

(ECMO) OR (extra-corporeal life support) OR (ecmo) OR (ecco2r) OR (extra-corporeal CO2 

removal) OR (Heart-Lung Machine) OR (Heart-Lung Machine) OR (AV-ECMO) OR (avECMO) OR 

(VA-ECMO) OR (vaECMO) OR (vvECMO) OR (v-v ECMO) OR (v-vECMO) OR (vav-ECMO) OR 

(vva-ECMO) OR (vvaECMO) OR (ecpr) OR (ECPR) OR (E-CPR) OR (cardiac lung machine) OR 

(cardiac pulmonary machine) OR (CardioHelp)) AND ((Pronation) OR (prone position) OR (prone 

positioning) OR (proning) OR (prone patient) OR (prone patients) OR (Patient Positioning) OR (face 

down) OR (resupine) OR (decubitus) OR (alternative decubitus) OR (patient positioning) OR 

(patients positioning) OR (posture)) 
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Grey literature  

 

Scholar 

Total citations: 60 

 

Medrxv 

Total citations: 25 

 

((Extracorporeal Membrane Oxygenation) OR (veno-venous extracorporeal membrane oxygenation) 

OR (vv-ECMO) OR (veno-venous-ECMO) OR (ECLS) OR (extracorporeal life support) OR 

(Extracorporeal Circulation) OR (Oxygenators, Membrane) OR (Extracorporeal Circulation) OR 

(ECMO) OR (extra-corporeal life support) OR (ecmo) OR (ecco2r) OR (extra-corporeal CO2 

removal) OR (Heart-Lung Machine) OR (Heart-Lung Machine) OR (AV-ECMO) OR (avECMO) OR 

(VA-ECMO) OR (vaECMO) OR (vvECMO) OR (v-v ECMO) OR (v-vECMO) OR (vav-ECMO) OR 

(vva-ECMO) OR (vvaECMO) OR (ecpr) OR (ECPR) OR (E-CPR) OR (cardiac lung machine) OR 

(cardiac pulmonary machine) OR (CardioHelp)) AND ((Pronation) OR (prone position) OR (prone 

positioning) OR (proning) OR (prone patient) OR (prone patients) OR (Patient Positioning) OR (face 

down) OR (resupine) OR (decubitus) OR (alternative decubitus) OR (patient positioning) OR 

(patients positioning) OR (posture)) AND (clinical trial) 
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Online Resource 5. Characteristics of included studies 

 

Table S1. General study characteristics 

First author, year Setting Design 
Risk of bias 

assessment 

Combes, 2018 France, USA, Australia, Canada (64 hospitals), 2011-Apr 2017 
Multi-center RCT (non-RCT for the 

purpose of the present study) 
Serious 

Guervilly, 2019 France, January 2012-April 2017 Single-center retrospective observational Moderate 

Garcia, 2020 France Single-center retrospective observational Serious 

Rilinger, 2020 Germany, October 2010-May 2018 Single-center retrospective observational Moderate 

Giani, 2021 Italy (6 hospitals), January 2014-December 2018 Multi-center retrospective observational Moderate 

Chaplin, 2021 New Zealand, July 2014-July 2019 Single-center retrospective observational Serious 

Laghlam, 2021 France, March 2020-June 2021 Single-center prospective observational Serious 

Martinez 

Martinez, 2021 
Spain, Portugal (25 hospitals), March-December 2020 Multi-center retrospective observational Serious 

COVID-ICU 

Group, 2021 
France, Switzerland, and Belgium (138 hospitals), February-May 2020 Multi-center prospective observational Serious 

Yang, 2021 China (21 ICUs), January-May 2020 Multi-center retrospective observational Serious 

Cheng, 2021 China, January-May 2020 Multi-center retrospective observational Critical 

Chang, 2022 USA, March-May 2020 Single-center retrospective observational Critical 

Chen, 2022 China, April 2013-October 2020 Single-center retrospective observational Moderate 

Zaaqoq, 2022 International study (more than 370 hospitals), February 2020-October 2020 Multi-center retrospective observational Serious 

Petit, 2022 France, January 2012-January 2020 Single-center retrospective observational Moderate 

Raasveld, 2022 
Belgium, Germany, The Netherlands, Spain, Sweden (15 ICUs), March-December 

2020 (Covid-19 cohort), January 2018-July 2019 (non-Covid-19 cohort) 
Multi-center retrospective observational Serious 

Adelsten, 2023 Denmark (two hospitals), March 2020-December 2021 Multi-center retrospective observational Serious 

Massart, 2023 France (47 hospitals), April 2020-June 2021 Multi-center retrospective observational Serious 
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Schmidt, 2023 France (14 hospitals), March-December 2021 Multi-center RCT Low 

Giani, 2023 Italy, March 2020-January 2022 Single-center retrospective observational Serious 

Tong, 2024 China (three hospitals), June 2021-July 2023 Multi-center RCT Some concerns 

Wang, 2024 China, November 2019-August 2023 Single-center prospective observational Moderate 

Abbreviations: USA, United States of America; RCT, randomized controlled trial; ICU, intensive care unit; Covid, coronavirus disease. 
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Table S2. General patient characteristics 

First 

author, 

year 

Number Age Female gender Body mass index Pneumonia 

Covid 

Other 

causes of 

AHRF 

(prone; no 

prone) 

Immunosuppression SOFA score 

Prone 
No 

prone 
Prone 

No 

prone 
Prone 

No 

prone 
Prone 

No 

prone 
Prone 

No 

prone 
Prone No prone Prone 

No 

prone 

Combes, 

2018 
17 107         No      

Guervilly, 

2019 
91 77 

49 

(15) 

53 

(13) 

25 

(27) 

25 

(32) 
    No    10 (4) 11 (4) 

Garcia, 

2020 
14 11 

59 

(48-

63) 

57 

(48-

66) 

2 (14) 1 (9) 

31.5 

(28.0-

38.0) 

33.6 

(28.4-

37.6) 

14 

(100) 

11 

(100) 
Yes      

Rilinger, 

2020 
38 120 

51 

(16) 

53 

(14) 

10 

(26) 

42 

(35) 

26.5 

(5.9) 

26.8 

(8.2) 

33 

(87) 

83 

(69) 
No 

Aspiration 

(2; 13), 

sepsis (1; 

9), other 

unspecified 

(2; 15) 

13 (34) 44 (37) 13 (3) 14 (4) 

Giani, 

2021 
107 133 

50 

(39-

58) 

50 

(41-

59) 

34 

(32) 

50 

(38) 

27.8 

(23.8-

31.3) 

26.7 

(23.4-

31.2) 

99 

(93) 

121 

(91) 
No 

Aspiration 

(1; 0), 

sepsis (4; 

6), trauma 

(1; 5), other 

unspecified 

(2; 1) 

15 (14)  30 (23) 
8 (4-

11) 

11 (8-

13) 
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Chaplin, 

2021 
13 59 

45 

(34-

48) 

46 

(34-

56) 

6 (46) 
20 

(34) 

29.1 

(26.7-

35) 

31.3 

(26.3-

35.3) 

13 

(100) 

49 

(83) 
No 

Aspiration 

(0; 6), other 

unspecified 

(0; 4) 

    

Laghlam, 

2021 
10 14 

52 

(37-

59) 

52 

(44-

57) 

3 (30) 
3 

(21) 

30 (29-

35) 

26 (23-

33) 

10 

(100) 

14 

(100) 
Yes  1 (10) 1 (7) 

11 (6-

4) 

9 (5-

15) 

Martinez 

Martinez, 

2021 

43 285 

58 

(54-

60) 

55 

(46-

61) 

4 (9) 
61 

(21) 

30.7 

(7.4) 

30.4 

(5.9) 

43 

(100) 

285 

(100) 
Yes      

COVID-

ICU 

Group, 

2021 

184 85       
184 

(100) 

85 

(100) 
Yes      

Yang, 

2021 
51 22       

51 

(100) 

22 

(100) 
Yes      

Cheng, 

2021 
29 45       

29 

(100) 

45 

(100) 
Yes      

Chang, 

2022 
12 18 

42 

(37-

26) 

39 

(29-

48) 

1 (8) 
3 

(17) 

30 (27-

38) 

33 (29-

35) 

12 

(100) 

18 

(100) 
Yes      

Chen, 

2022 
38 53 

41 

(31-

50) 

58 

(44-

64) 

9 (24) 
18 

(34) 

25.3 

(22.3-

28.5) 

24.6 

(20.9-

28.1) 

  No  7 (18) 7 (13)   

Zaaqoq, 

2022 
67 165 

52 

(43-

60) 

53 

(44-

60) 

20 

(30) 

52 

(32) 

29 (26-

33) 

31 (27-

36) 

67 

(100) 

165 

(100) 
Yes  34 (51) 79 (48) 7 (4-9) 

8 (5-

10) 
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Petit, 2022 64 234 

53 

(45-

61) 

51 

(39-

60) 

21 

(33) 

74 

(32) 

31.2 

(27-

38.7) 

28.1 

(24.2-

33) 

52 

(81) 

170 

(73) 
No 

Other 

unspecified 

(12; 64) 

18 (28) 65 (28) 
13 (9–

16) 

14 (10-

17) 

Raasveld, 

2022 
96 97       

96 

(100) 

97 

(100) 
Yes      

Adelsten, 

2023 
44 24 

54 

(45-

59) 

55 

(45-

62) 

13 

(30) 

10 

(42) 

29.5 

(25.9-

32.2) 

27.7 

(25.7-

33.1) 

44 

(100) 

24 

(100) 
Yes    

8 (6-

10) 
7 (69) 

Massart, 

2023 
364 153 

54 

(48-

61) 

56 

(46-

62) 

82 

(23) 

33 

(22) 

30.1 

(27.1-

34.0) 

30.1 

(27.5-

35.0) 

364 

(100) 

153 

(100) 
Yes  3 (1) 1 (1) 

9 (8-

12) 

9 (7-

13) 

Schmidt, 

2023 
86 84 

52 

(44-

60) 

50 

(41-

58) 

24 

(28) 

36 

(43) 

32.7 

(28.4-

38.1) 

33.1 

(28.8-

36.8) 

86 

(100) 

82 

(98) 
No 

Sepsis (0; 

1), other 

unspecified 

(0; 1) 

4 (5) 3 (4) 
9 (8-

13) 

9 (8-

12) 

Giani, 

2023 
38 11 

55 

(41-

58) 

53 

(48-

59) 

13 

(34) 

3 

(27) 

31.1 

(27.6-

35) 

29.3 

(24.5-

37) 

38 

(100) 

11 

(100) 
Yes  2 (5) 0 (0) 5 (3-7) 5 (3-7) 

Tong, 

2024 
49 48 

53 

(44-

62) 

49 

(40-

58) 

22 

(45) 

24 

(50) 
  

42 

(86) 

41 

(85) 
No 

other 

unspecified 

(7; 7) 

    

Wang, 

2024 
50 115 

58 

(14) 

55 

(17) 

12 

(24) 

40 

(35) 

25.0 

(22.9-

26.4) 

24.2 

(22.4-

26.2) 

50 

(100) 

115 

(100) 
No  11 (22) 18 (16) 

12 (11-

14) 

13 (11-

14) 

Abbreviations: Covid, coronavirus disease; AHRF, acute hypoxemic respiratory failure; SOFA, sequential organ failure assessment. Quantitative variables are reported as 

mean (standard deviation) or median (first quartile-third quartile), as per the original study. Qualitative variable are reported as absolute number (percentage). 
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Table S3. Treatments before cannulation 

First 

author, 

year 

Prone positioning 
Duration of invasive 

mechanical ventilation 
Neuromuscular blockade Steroids Inhaled nitric oxide 

Prone No prone Prone No prone Prone No prone Prone No prone Prone No prone 

Combes, 

2018 
          

Guervilly, 

2019 
69 (76) 39 (51) 5 (5) 6 (7)     31 (34) 31 (40) 

Garcia, 

2020 
14 (100) 11 (100) 

6.5 (4.0-

10.0) 
  7 (4-13) 

14 

(100) 
11 (100) 1 (7) 3 (27) 12 (86) 9 (82) 

Rilinger, 

2020 
7 (18) 19 (16) 4.6 (5.4) 3.3 (5.3) 3 (8) 14 (12)   1 (3) 1 (1) 

Giani, 

2021 
34 (32) 38 (29) 2 (1-6) 2 (1-6)     8 (7) 20 (15) 

Chaplin, 

2021 
          

Laghlam, 

2021 
  5 (4-10) 6 (3-12) 

10 

(100) 
14 (100) 10 (100) 14 (100) 4 (40) 5 (36) 

Martinez 

Martinez, 

2021 

39 (91) 276 (97) 5 (3-8) 5 (3-9)       

COVID-

ICU 

Group, 

2021 
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Yang, 

2021 
          

Cheng, 

2021 
          

Chang, 

2022 
          

Chen, 

2022 
14 (37) 17 (32) 

55.5 (20-

132) 
45 (7.5-120)       

Zaaqoq, 

2022 
49 (73) 127 (77)         

Petit, 2022 55 (86) 141 (60) 4 (1-9) 4 (1-10) 
64 

(100) 
233 (100) 13 (20) 48 (21) 32 (50) 124 (53) 

Raasveld, 

2022 
          

Adelsten, 

2023 
  5 (3-6) 3 (1-5.5) 38 (86) 21 (88) 34 (77) 16 (67) 36 (82) 13 (54) 

Massart, 

2023 
349 (96) 141 (92)   

353 

(97) 
147 (96)   140 (38) 56 (37) 

Schmidt, 

2023 
85 (99) 79 (94) 3 (1-6) 5 (2-7) 78 (91) 65 (77) 22 (28) 20 (24) 44 (51) 35 (42) 

Giani, 

2023 
  

6 (2.0-

10) 
5 (1.0-8.0)     8 (21) 1 (9) 

Tong, 

2024 
5 (10) 7 (15) 3 (2-4) 4 (3-5)       

Wang, 

2024 
50 (100) 

115 

(100) 
2 (1–3) 1 (1-4) 7 (14) 15 (13) 11 (22) 30 (26) 3 (6) 6 (5) 
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Quantitative variables are reported as mean (standard deviation) or median (first quartile-third quartile), as per the original study. Qualitative variable are reported as absolute 

number (percentage). 
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Table S4. Mechanical ventilation settings, respiratory mechanics, and arterial gas exchanges 

First 

author, 

year 

Tidal volume/kg PBW Respiratory rate Pplat PEEP Crs Driving pressure PaCO2 PaO2 pH PaO2/FiO2 

Prone No prone Prone No prone Prone No prone Prone No prone Prone No prone Prone No prone Prone No prone Prone No prone Prone No prone Prone No prone 

Combes, 

2018 
                    

Guervilly

, 2019 
  11 (2) 11 (2) 24 (4) 24 (4) 15 (3) 14 (4) 22 (12) 21 (11) 10 (4) 10 (4)       67 (21) 67 (19) 

Garcia, 

2020 
  

18 (13-

25) 

12 (12-

14) 

26 (25-

29) 

26 (21-

29) 

14 (12-

20) 

14 (10-

20) 

24 (14-

30) 

28 (18-

33) 

11 (10-

14) 
9 (8-12)       

84 (67-

96) 

87 (66-

102) 

Rilinger, 

2020 
  26 (5) 27 (7)   15 (4) 14 (4)     66 (30) 67 (32) 69 (14) 75 (31) 

7.24 

(0.11) 
7.21 (0.15) 83 (25) 92(53) 

Giani, 

2021 
                  

65 (55-

84) 

68 (55-

87) 

Chaplin, 

2021 
                    

Laghlam, 

2021 

5.9 (5.1-

6.4) 

5.8 (4.9-

6.1) 
    14 (3) 14 (5)   19 (8) 18 (6) 61 (10) 63 (12)   

7.34 

(0.1) 
7.28 (0.1) 

63 (57-

78) 

70 

(63.81) 

Martinez 

Martinez, 

2021 

          17 (4.6) 18.2 (4.9)       
70 (60-

80) 

78 (65-

91) 

COVID-

ICU 

Group, 

2021 

                    

Yang, 

2021 
                    

Cheng, 

2021 
                    

Chang, 

2022 
                    

Chen, 

2022 
  

27 (22-

33) 

28 (23-

34) 

27 (22-

30) 

28 (22-

33) 
10 (8-14) 12 (8-15)     

49.4 

(40.8-

58.7) 

44.4 

(35.2-

57.4) 

65.6 

(55.9-

76.1) 

 (52.8-

82.6) 

7.34 

(7.24-

7.42) 

7.35 (7.26-

7.43) 

65.9 

(55.9-

82.6) 

63.3 (56-

91.8) 

Zaaqoq, 

2022 
      

14 (10-

16) 

12 (10-

16) 

21 (20-

29) 

29 (22–

37) 
  

49 (39-

62) 

48 (35-

58) 
    

85 (70-

136) 

83 (61-

124) 

Petit, 

2022 
        

16 (11-

24) 
14 (7–23)         

61 (54–

70) 

65 (53–

70) 

Raasveld, 

2022 
                    

Adelsten, 

2023 

5.5 

(4.58-

6.65) 

5.98 

(3.97-

7.99) 

24 () 
21 (18-

32) 
  

14 (12-

16) 
13 (11-5) 

21.3 

(15.2-

29.8) 

24.4 

(11.32-

32.5) 

  

8.9 

(7.6-

11.8) 

8.9 (7.3-

9.8) 

8.300 

(7.325-

9.250)* 

7.7 (6.35-

8.60)* 

7.29 

(0.13) 
7.28 (0.18) 

8.3 (7.3-

9.3) 

7.7 (6.3-

10.4) 
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Massart, 

2023 

5.9 (5.1-

6.3) 

5.9 (5.5-

6.4) 

28 (18-

30) 

27 (23-

30) 

30 (26-

32) 

30 (26-

32) 

12 (10-

14) 

12 (10-

14) 

21.5 

(16.4-30) 

21.2 

(15.7-

27.7) 

  
54 (45-

64) 

55 (48-

67) 
    

64 (54-

76) 

61 (52-

75) 

Schmidt, 

2023 

5.9 (5.3-

6.3) 

6.0 (5.2-

6.4) 

30 (25-

33) 

30 25-

32) 

30 (29-

33) 

31 (29-

34) 

12 (10-

15) 

12 (10-

14) 

22.0 

(16.0-

29.5) 

20.5 

(14.7-

27.0) 

  
54 (48-

64) 

59 (51-

70) 
  

7.31 

(7.26-

7.40) 

7.3 (7.20-

7.40) 

66 (55-

77) 

67 (59-

80) 

Giani, 

2023 
                  

75 (53-

100) 

87 (74-

114) 

Tong, 

2024 
  

19 (18–

22) 

20 (18–

23) 

28 (27-

29) 

29 (27-

30) 

12 (10-

dic) 

12 (10-

13) 

16.1 

(2.6) 
15.5 (2.9) 

17 (16-

18) 

17 (16-

19) 
    

7.18 

(7.14–

7.26) 

7.19 

(7.15–

7.25) 

109 (93-

121) 

103 (93-

116) 

Wang, 

2024 
6.0 (0.9) 6.0 (0.4) 

28.4 

(4.0) 

28.8 

(5.9) 

28.1 

(3.9) 
28.5 (4.5) 

14.7 

(2.9) 

14.2 

(3.9) 

25.9 

(6.9) 
25.4 (8.6) 

14.5 

(4.1) 
14.3 (3.3) 

46.6 

(12.3) 

47.8 

(12.6) 

59.3 

(10.6) 

59.1 

(13.2) 

7.36 

(7.32–

7.43) 

7.37 

(7.28–

7.43) 

59.5 

(10.5) 

59.6  

(13.8) 

Abbreviations: PBW, predicted body weight; Pplat, plateau pressure; PEEP, positive end-expiratory pressure; Crs, compliance of the respiratory system; PaCO2, arterial partial pressure of carbon dioxide; PaO2, arterial partial pressure of oxygen; FiO2, fraction of inspired oxygen.  

*PaO2 is reported in KPa 

Quantitative variables are reported as mean (standard deviation) or median (first quartile-third quartile), as per the original study. 
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Table S5. Details on prone positioning  

First author, 

year 

Duration 

of ECMO 

before PP 

Duration 

of PP cycle 

Number 

of PP 

sessions 

Indications for prone positioning Adverse events* 

Combes, 2018      

Guervilly, 2019 5 (4)  3 

• Persistent hypoxemia defined by SpO2 < 88 % or 

PaO2 < 55 mmHg despite 100% FdO2 and FiO2 with a 

maximal ECMO blood flow 

• Failure of attempt to wean ECMO after at least 10 

days of ECMO and the presence of lung 

consolidations on chest X-ray or lung ultrasounds 

• According to the physician in charge of the patient. 

 

Garcia, 2020 1.5 16  

• Severe hypoxemia (PaO2/FiO2 ratio below 80 mmHg) 

despite FDO2 and FiO2 both at 100% 

• Extensive lung consolidation on chest imaging (>50% 

of lung volume). 

• Pressure sores after 6 procedures: 1 

• Minor hemorrhages at the injection cannula: 3 

• Moderate drops in VV-ECMO flow requiring 

fluid resuscitation: 3 

Rilinger, 2020 3.2 (3.8) 19.5 2 Treating medical team’s judgement 
No relevant complications (e.g. decannulation) 

occurred during the positioning procedures. 

Giani, 2021 4 (2-7) 15 1.35 Routine in 4 centers 

Out of 21 total prone positioning procedures with 

complications: 

• Desaturation: 8  

• Bleeding: 4  

• Decrease of extracorporeal 

blood flow: 4 

• Hemodynamic instability: 2 

• PaCO2 increase: 1 

• Thigh swelling: 1 
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• Face swelling: 1  

• Vomiting: 1 

• Aborted procedures: 6 

Chaplin, 2021 8 (5-18) 11   

• Displacement of tracheal tubes/intravascular 

catheters/chest tubes: 0 

• Grade 1 pressure injuries: six procedures (21% 

of total prone positioning sessions) 

Laghlam, 2021  17.4 4 

The decision to perform PP in patients under VV-ECMO 

was based on PaO2/FiO2 ratio value and left at the 

discretion of the attending physician, except in patients 

with persistent PaO2/FiO2 ratio <100, on whom PP was 

systematically performed according to local practices 

No serious adverse events were reported for all the 

PP sessions 

Martinez 

Martinez, 2021 
     

COVID-ICU 

Group, 2021 
  3   

Yang, 2021      

Cheng, 2021      

Chang, 2022 12 (9-13)  7 

• Patients had increased sweep requirement, and 

worsening compliance 

• Patients had no clinical improvement after 2 weeks, 

determined by inability to decrease sweep, decreased 

ECMO flow, continued low compliance, or no 

improvement on serial radiographs of the chest. 

• No ECMO cannulas/chest tubes/invasive 

lines/endotracheal tubes were dislodged, no 

bleeding from the cannulation sites/chest 

tubes/invasive lines occurred, no recirculation 

events occurred 

• Mucosal lacerations leading to bleeding: 2, with 

blood transfusion requirement in one patient.  

• Cracked tracheostomy flange: 1 
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• Pressure sore on the chest after the third proning 

episode: 1 

Chen, 2022 
2.0 (0.9–

4.9) 
14 4 

• Difficulties in maintenance of oxygenation 

• Requirement of aggressive sputum drainage 

• Potential difficulties in weaning ECMO 

• Pressure sores (Face): 4 (10%) 

• Edema: 6 (15%) 

• Vomiting: 1 (2%) 

• Minimal bleeding: 3 (7%) 

• Increase of CO2: 1 (2%) 

• Decrease of SpO2: 6 (15%) 

• Decrease of systolic blood pressure:  1 (2%) 

• Decrease of blood flow on ECMO:  7 (18%) 

• Dislodgment: 0 

• Severe bleeding: 0 

• Difficult to correct hemodynamic instability: 0 

• Malignant ventricular arrhythmia: 0 

Zaaqoq, 2022      

Petit, 2022 3 (2–6)  2 

• Severe hypoxemia 

• Extensive lung consolidation 

• Difficult ECMO-weaning 

 

Raasveld, 2022      

Adelsten, 2023 2 (2.0-4.5) 16 5 

• Refractory hypoxia on V-V ECMO: PaO2/FiO2 < 11 

kPa or 75 mmHg or so 

• Unacceptable peak-/plateau pressure on V-V ECMO 

(> 30 mmHg) 

• Failure to wean off V-V ECMO 

• (Presumed) positive effect on lung function. 

• Airway bleeding requiring surgical intervention 

and/or transfusion of blood products (33% of 

total 99 prone positioning sessions) 

• Bleeding (other sites than airway and cannula) 

(5%) 

• Circulation/hemodynamic collapse (9%) 

• Severe hypoxia (20%) 
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• Cannula/insertion sites/ECMO 

related (20%)  

• Pressure sores and/or ulcers (38%) 

Massart, 2023      

Schmidt, 2023 1 (0-1)  4   

Giani, 2023 1 (1.0-1.0)     

Tong, 2024   5 

Random assignment. PP was ceased when any of the 

following occurred: nonscheduled removal of endotracheal 

or ECMO tubes, endotracheal tube obstruction, 

hemoptysis, cardiac arrest, heart rate < 30 beats per minute 

for >1 min, systolic blood pressure < 60 mmHg for more 

than 5 min, and any life-threatening condition. 

• ECMO flow drop: 3 

• Pressure sores: 5 

• Decreased blood pressure: 4 

• Bleeding: 3 

• Kinking of the endotracheal tube: 1 

• Central vein catheter slippage: 1 

Wang, 2024 1 (14–22) 15 5 

Routine. Patients with any of the following conditions 

were not to be placed in PP: facial or neck trauma; spinal 

instability; recent thoracic surgery; elevated intra- cranial 

pressure; hemoptysis; or hemodynamic instability (i.e., 

MAP < 65 mmHg and norepinephrine > 0.5 ug/kg/min). 

The criteria for stopping PP were any of the following: 

greater than 1 L/min increase of ECMO blood flow to 

achieve SpO2 ≥ 92%; norepinephrine > 0.5 ug/kg/min to 

maintain MAP ≥ 65 mm Hg; frequent abrupt declines in 

blood flow; any other life-threatening reason for which the 

physician decided to stop the treatment. 

• Accidental extubation: 0 

• ECMO cannula dislodgement: 0 

• Airway dislodgement: 4 

• Endotracheal tube obstruction: 4 

• Drop in ECMO flow: 3 

• Cannula site bleeding: 5 

• Hemodynamic instability: 3 

• Vomiting: 2 

• Facial swelling: 2 

Abbreviations: PP, prone positioning; SpO2, peripheral oxygen saturation; FDO2, fraction of delivered oxygen; PaO2, arterial partial pressure of oxygen; FiO2, fraction of 
inspired oxygen; ECMO, extracorporeal membrane oxygenation; VV, veno-venous; PaCO2, arterial partial pressure of carbon dioxide; MAP, mean arterial pressure. 
*Overall, complications related to prone positioning were as follows: 
• Pressure sores on the chest and/or face: 1/14 patients (Garcia), 1/12 patients (Chang), 4/38 patients (Chen), 5/49 patients (Tong), 6/29 prone positioning procedures (Chaplin) 

and 38/99 procedures (Adelsten); 
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• Moderate drops in VV-ECMO flow requiring fluid resuscitation: 3/14 patients (Garcia), 4/21 complicated procedures (Giani 2021), 7/38 patients (Chen), 3/49 patients 
(Tong), and 3/50 patients (Wang) 

• Desaturation: 8/21 complicated procedures (Giani 2021), 6/38 patients (Chen), 20/99 procedures (Adelsten) 
• Hemodynamic instability: 2/21 complicated procedures (Giani 2021), 1/38 patients (Chen), 4/49 patients (Tong), 3/50 patients (Wang), 9/99 procedures (Adelsten) 
• PaCO2 increase: 1/21 complicated procedures (Giani 2021), 1/38 patients (Chen) 
• Thigh swelling: 1/21 complicated procedures (Giani 2021) 
• Edema: 1/21 complicated procedures (Giani 2021; face), 6/38 patients (Chen; unspecified), 2/50 patients (Wang; face) 
• Vomiting: 1/21 complicated procedures (Giani 2021), 1/38 patients (Chen), 2/50 patients (Wang) 
• Aborted procedures: 6/21 complicated procedures (Giani 2021) 
• Mucosal lacerations leading to bleeding: 2/12 patients (blood transfusion requirement in one patient) (Chang); 
• Cracked tracheostomy flange: 1/12 patients (Chang) 
• Cannula/insertion sites/ECMO related complications, different from bleeding and sores: 20/99 procedures (Adelsten) 
• Kinking/dislodgement/obstruction of the endotracheal tube: 1/50 patients (Tong), 8/49 patients (Wang) 
• Central vein catheter slippage: 1/50 patients (Tong) 
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Online Resource 6. Risk of bias assessments 
 
Risk of bias assessments for non-randomized controlled trials 
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The Risk Of Bias In Non-randomized Studies – of Interventions (ROBINS-I) assessment tool  
(version for cohort-type studies) 
Version 19 September 2016 
 

 
This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License. 
 

COVID-ICU, 2021 

ROBINS-I tool (Stage I): At protocol stage  

Specify the review question  

Participants Patients with acute hypoxemic respiratory failure receiving veno-venous extracorporeal membrane oxygenation 
Experimental intervention Prone positioning 

Comparator No prone positioning 
Outcomes 28-day mortality 

 

List the confounding domains relevant to all or most studies 

Patients’ characteristics, etiology of acute hypoxemic respiratory failure, severity of acute hypoxemic respiratory failure, large-volume (>20 cases annually) vs. low-volume 
(≤20 cases annually) extracorporeal membrane oxygenation centers; number of proning cycles 

List co-interventions that could be different between intervention groups and that could impact on outcomes 

Steroids, antibiotics, fluid therapy, mechanical ventilation settings, extracorporeal membrane oxygenation settings 

  

Combes	et	al.,	2018
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ROBINS-I tool (Stage II): For each study 

Specify a target randomized trial specific to the study 

Design Individually randomized 

Participants Patients with acute hypoxemic respiratory failure receiving veno-venous extracorporeal membrane oxygenation 
Experimental intervention Prone positioning 

Comparator No prone positioning 
 

Is your aim for this study…? 

X to assess the effect of assignment to intervention 
£ to assess the effect of starting and adhering to intervention 

 

Specify the outcome 

Specify which outcome is being assessed for risk of bias (typically from among those earmarked for the Summary of Findings table). Specify whether this is a proposed benefit 
or harm of intervention. 

28-day mortality. Prone positioning is hypothesized to reduce 28-day mortality. 
 

Specify the numerical result being assessed 

In case of multiple alternative analyses being presented, specify the numeric result (e.g. RR = 1.52 (95% CI 0.83 to 2.77) and/or a reference (e.g. to a table, figure or paragraph) 
that uniquely defines the result being assessed. 

Absolute frequency of 28-day mortality in Figure 2A in Papazian L, Schmidt M, Hajage D, Combes A, Petit M, Lebreton G, Rilinger J, Giani M, Le Breton C, Duburcq T, Jozwiak 
M, Wengenmayer T, Roux D, Parke R, Loundou A, Guervilly C, Boyer L. Effect of prone positioning on survival in adult patients receiving venovenous extracorporeal 
membrane oxygenation for acute respiratory distress syndrome: a systematic review and meta-analysis. Intensive Care Med. 2022 Mar;48(3):270-280. doi: 10.1007/s00134-
021-06604-x. Epub 2022 Jan 17. PMID: 35037993; PMCID: PMC8762989. 
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Preliminary consideration of confounders 

Complete a row for each important confounding domain (i) listed in the review protocol; and (ii) relevant to the setting of this particular study, or which the study authors 
identified as potentially important. 
“Important” confounding domains are those for which, in the context of this study, adjustment is expected to lead to a clinically important change in the estimated effect of the 
intervention. “Validity” refers to whether the confounding variable or variables fully measure the domain, while “reliability” refers to the precision of the measurement (more 
measurement error means less reliability). 

(i) Confounding domains listed in the review protocol 

Confounding domain Measured variable(s)  Is there evidence that 
controlling for this variable was 
unnecessary?* 

Is the confounding domain 
measured validly and reliably by 
this variable (or these 
variables)? 

OPTIONAL: Is failure to adjust for 
this variable (alone) expected to 
favour the experimental 
intervention or the comparator? 

Patients’ characteristics 
Age, gender, comorbidities, 

severity of critical illness No Yes No information 

Etiology of acute hypoxemic 
respiratory failure 

Etiology of acute hypoxemic 
respiratory failure No  

 

Severity of acute hypoxemic 
respiratory failure 

Arterial partial pressure of 
oxygen to fraction of inspired 

oxygen ratio 
No  

 

Large-volume (>20 cases 
annually) vs. low-volume (≤20 
cases annually) extracorporeal 

membrane oxygenation 
centers 

Number of extracorporeal 
membrane oxygenation case per 

year 
No  

 

Number of proning cycles 
before cannulation Number of proning cycles No  

 

 

(ii) Additional confounding domains relevant to the setting of this particular study, or which the study authors identified as important 

Confounding domain Measured variable(s)  Is there evidence that 
controlling for this variable was 
unnecessary?* 

Is the confounding domain 
measured validly and reliably by 
this variable (or these 
variables)? 

OPTIONAL: Is failure to adjust for 
this variable (alone) expected to 
favour the experimental 
intervention or the comparator? 
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None 
  

  

* In the context of a particular study, variables can be demonstrated not to be confounders and so not included in the analysis: (a) if they are not predictive of the outcome; (b) if they are not predictive of intervention; or (c) because 
adjustment makes no or minimal difference to the estimated effect of the primary parameter. Note that “no statistically significant association” is not the same as “not predictive”.  

53



5 
 

Preliminary consideration of co-interventions 

Complete a row for each important co-intervention (i) listed in the review protocol; and (ii) relevant to the setting of this particular study, or which the study authors identified 
as important. 
“Important” co-interventions are those for which, in the context of this study, adjustment is expected to lead to a clinically important change in the estimated effect of the 
intervention. 
(i) Co-interventions listed in the review protocol 

Co-intervention Is there evidence that controlling for this co-intervention 
was unnecessary (e.g. because it was not administered)? 

Is presence of this co-intervention likely to favour 
outcomes in the experimental intervention or the 
comparator 

No important co-interventions were listed in the review 
protocol 

  
 

(ii) Additional co-interventions relevant to the setting of this particular study, or which the study authors identified as important 

Co-intervention Is there evidence that controlling for this co-intervention 
was unnecessary (e.g. because it was not administered)? 

Is presence of this co-intervention likely to favour 
outcomes in the experimental intervention or the 
comparator 

Steroids No No information 

Antibiotics No No information 

Fluid therapy No No information 

Mechanical ventilation settings No No information 

Extracorporeal membrane oxygenation settings No No information 
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Risk of bias assessment  

Responses underlined in green are potential markers for low risk of bias, and responses in red are potential markers for a risk of bias. Where questions relate only to sign 
posts to other questions, no formatting is used. 

 Signalling questions Description Response options 
Bias due to confounding 
 1.1 Is there potential for confounding of the effect of 

intervention in this study? 
If N/PN to 1.1: the study can be considered to be at low 
risk of bias due to confounding and no further signalling 
questions need be considered 

The experimental and control groups were not compared in the original 
study. The corresponding authors did not respond to our requests. 
Therefore, the outcome data were derived from a previous meta-
analysis (doi: 10.1007/s00134-021-06604-x). However, the baseline 
characteristics of the subgroups were not described. 

PY 

If Y/PY to 1.1: determine whether there is a need to 
assess time-varying confounding: 

  

1.2. Was the analysis based on splitting participants’ 
follow up time according to intervention received? 

If N/PN, answer questions relating to baseline 
confounding (1.4 to 1.6)  
If Y/PY, go to question 1.3. 

 N 

1.3. Were intervention discontinuations or switches 
likely to be related to factors that are prognostic for 
the outcome? 

If N/PN, answer questions relating to baseline 
confounding (1.4 to 1.6) 
If Y/PY, answer questions relating to both 
baseline and time-varying confounding (1.7 and 
1.8)  

 NA 
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 Questions relating to baseline confounding only 
1.4. Did the authors use an appropriate analysis 
method that controlled for all the important 
confounding domains? 

 PN 

1.5. If Y/PY to 1.4: Were confounding domains that 
were controlled for measured validly and reliably by 
the variables available in this study? 

 NA 

1.6. Did the authors control for any post-
intervention variables that could have been affected 
by the intervention? 

 NI 

 Questions relating to baseline and time-varying confounding  
1.7. Did the authors use an appropriate analysis 
method that controlled for all the important 
confounding domains and for time-varying 
confounding? 

 NA 

1.8. If Y/PY to 1.7: Were confounding domains that 
were controlled for measured validly and reliably by 
the variables available in this study? 

 NA 

 Risk of bias judgement  Serious 
Optional: What is the predicted direction of bias due to 
confounding? 

 Unpredictable 
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Bias in selection of participants into the study 
 2.1. Was selection of participants into the study (or into 

the analysis) based on participant characteristics 
observed after the start of intervention? 
If N/PN to 2.1: go to 2.4 

Citation: “Patients were eligible for enrollment if their con- dition 
fulfilled the American–European Consensus Conference definition for 
ARDS,14 if they had undergone endotracheal intubation and had been 
receiving ventilation for less than 7 days, and if they met 
disease-severity criteria as outlined in Section II.1 of the Supplementary 
Appendix […]” 

N 

2.2. If Y/PY to 2.1: Were the post-intervention 
variables that influenced selection likely to be 
associated with intervention? 
2.3 If Y/PY to 2.2:  Were the post-intervention 
variables that influenced selection likely to be 
influenced by the outcome or a cause of the 
outcome? 

 NA 
 
 

NA 
 

2.4. Do start of follow-up and start of intervention 
coincide for most participants? 

 Y 

2.5. If Y/PY to 2.2 and 2.3, or N/PN to 2.4: Were 
adjustment techniques used that are likely to correct for 
the presence of selection biases? 

 NA 

Risk of bias judgement  Low 
Optional: What is the predicted direction of bias due to 
selection of participants into the study? 

 Unpredictable 
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Bias in classification of interventions  
 3.1 Were intervention groups clearly defined?  The intervention groups were not defined in the study methods, as 

participants were not analyzed according to the prone positioning vs. no 
prone positioning characteristic. 

N 

3.2 Was the information used to define intervention 
groups recorded at the start of the intervention? 

 NI 

3.3 Could classification of intervention status have 
been affected by knowledge of the outcome or risk 
of the outcome? 

 PN 

Risk of bias judgement  Moderate 
Optional: What is the predicted direction of bias due 
to classification of interventions? 

 Unpredictable 

 
Bias due to deviations from intended interventions 
 If your aim for this study is to assess the effect of assignment to intervention, answer questions 4.1 and 4.2  

4.1. Were there deviations from the intended 
intervention beyond what would be expected in 
usual practice? 

 NI 

4.2. If Y/PY to 4.1: Were these deviations from 
intended intervention unbalanced between groups 
and likely to have affected the outcome? 

 NA 

If your aim for this study is to assess the effect of starting and adhering to intervention, answer questions 4.3 to 4.6  
4.3. Were important co-interventions balanced 
across intervention groups? 

 Y / PY / PN / N / NI 

4.4. Was the intervention implemented successfully 
for most participants? 

 Y / PY / PN / N / NI 

4.5. Did study participants adhere to the assigned 
intervention regimen? 

 Y / PY / PN / N / NI 

4.6. If N/PN to 4.3, 4.4 or 4.5: Was an appropriate 
analysis used to estimate the effect of starting and 
adhering to the intervention? 

 NA / Y / PY / PN / N / NI 

Risk of bias judgement  Moderate 
Optional: What is the predicted direction of bias due 
to deviations from the intended interventions? 

 Unpredictable 
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Bias due to missing data 
 5.1 Were outcome data available for all, or nearly all, 

participants? 
According to Papazian et al. Intensive Care Med. 2022 Mar;48(3):270-280. 
doi: 10.1007/s00134-021-06604-x), data on vital status were likely 
complete. 

PY 

5.2 Were participants excluded due to missing data 
on intervention status? 

 NI 

5.3 Were participants excluded due to missing data 
on other variables needed for the analysis? 

 PN 

5.4 If PN/N to 5.1, or Y/PY to 5.2 or 5.3: Are the 
proportion of participants and reasons for missing 
data similar across interventions? 

 NA 

5.5 If PN/N to 5.1, or Y/PY to 5.2 or 5.3: Is there 
evidence that results were robust to the presence of 
missing data? 

 NA 

Risk of bias judgement  Low 
Optional: What is the predicted direction of bias due 
to missing data? 

 Unpredictable 

 

Bias in measurement of outcomes  
 6.1 Could the outcome measure have been 

influenced by knowledge of the intervention 
received? 

Although research staff members were not blinded to the primary 
outcome, outcome assessors were blinded. They were likely also blinded 
to any intervention received during ECMO support, e.g., prone positioning. 

N 

6.2 Were outcome assessors aware of the 
intervention received by study participants? 

 PY 

6.3 Were the methods of outcome assessment 
comparable across intervention groups? 

 PY 

6.4 Were any systematic errors in measurement of 
the outcome related to intervention received? 

 PN 

Risk of bias judgement  Moderate 
Optional: What is the predicted direction of bias due 
to measurement of outcomes? 

 Unpredictable 
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Bias in selection of the reported result 
 Is the reported effect estimate likely to be selected, 

on the basis of the results, from... 
  

7.1. ... multiple outcome measurements within the 
outcome domain?  

 N 

7.2 ... multiple analyses of the intervention-outcome 
relationship? 

 PN 

7.3 ... different subgroups?  PN 

Risk of bias judgement  Low 
Optional: What is the predicted direction of bias due 
to selection of the reported result? 

 Unpredictable 

 
Overall bias 
 Risk of bias judgement  Serious 

Optional: What is the overall predicted direction of 
bias for this outcome? 

 Unpredictable 

 

 
This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License. 
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The Risk Of Bias In Non-randomized Studies – of Interventions (ROBINS-I) assessment tool  
(version for cohort-type studies) 
Version 19 September 2016 

 

 
This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License. 

 

Guervilly et al., 2019 

ROBINS-I tool (Stage I): At protocol stage  

Specify the review question  

Participants Patients with acute hypoxemic respiratory failure receiving veno-venous extracorporeal membrane oxygenation 

Experimental intervention Prone positioning 

Comparator No prone positioning 

Outcomes 28-day mortality 

 

List the confounding domains relevant to all or most studies 

Patients’ characteristics, etiology of acute hypoxemic respiratory failure, severity of acute hypoxemic respiratory failure, large-volume (>20 cases annually) vs. low-volume 
(≤20 cases annually) extracorporeal membrane oxygenation centers; number of proning cycles 

List co-interventions that could be different between intervention groups and that could impact on outcomes 

Steroids, antibiotics, fluid therapy, mechanical ventilation settings, extracorporeal membrane oxygenation settings 
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ROBINS-I tool (Stage II): For each study 

Specify a target randomized trial specific to the study 

Design Individually randomized 

Participants Patients with acute hypoxemic respiratory failure receiving veno-venous extracorporeal membrane oxygenation 

Experimental intervention Prone positioning 

Comparator No prone positioning 

 

Is your aim for this study…? 

X to assess the effect of assignment to intervention 

 to assess the effect of starting and adhering to intervention 

 

Specify the outcome 

Specify which outcome is being assessed for risk of bias (typically from among those earmarked for the Summary of Findings table). Specify whether this is a proposed benefit 

or harm of intervention. 

30-day mortality. Prone positioning is hypothesized to reduce 30-day mortality. Twenty-eight-day mortality was not analyzed in the original study. 

 

Specify the numerical result being assessed 

In case of multiple alternative analyses being presented, specify the numeric result (e.g. RR = 1.52 (95% CI 0.83 to 2.77) and/or a reference (e.g. to a table, figure or paragraph) 
that uniquely defines the result being assessed. 

Absolute frequency of 30-day mortality in the unmatched cohorts (Table 1) and after the propensity score matching analysis (Supplementary) 
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Preliminary consideration of confounders 

Complete a row for each important confounding domain (i) listed in the review protocol; and (ii) relevant to the setting of this particular study, or which the study authors 

identified as potentially important. 

“Important” confounding domains are those for which, in the context of this study, adjustment is expected to lead to a clinically important change in the estimated effect of the 
intervention. “Validity” refers to whether the confounding variable or variables fully measure the domain, while “reliability” refers to the precision of the measurement (more 
measurement error means less reliability). 

(i) Confounding domains listed in the review protocol 

Confounding domain Measured variable(s)  Is there evidence that 
controlling for this variable was 
unnecessary?* 

Is the confounding domain 
measured validly and reliably by 
this variable (or these 
variables)? 

OPTIONAL: Is failure to adjust for 
this variable (alone) expected to 
favour the experimental 
intervention or the comparator? 

Patients’ characteristics 
Age, gender, comorbidities, 

severity of critical illness 
No Yes No information 

Etiology of acute hypoxemic 
respiratory failure 

Etiology of acute hypoxemic 
respiratory failure 

No  
 

Severity of acute hypoxemic 
respiratory failure 

Arterial partial pressure of 
oxygen to fraction of inspired 

oxygen ratio 
No  

 

Large-volume (>20 cases 
annually) vs. low-volume (≤20 
cases annually) extracorporeal 

membrane oxygenation 
centers 

Number of extracorporeal 
membrane oxygenation case per 

year 
No  

 

Number of proning cycles 
before cannulation 

Number of proning cycles No  
 

 

(ii) Additional confounding domains relevant to the setting of this particular study, or which the study authors identified as important 

Confounding domain Measured variable(s)  Is there evidence that 
controlling for this variable was 
unnecessary?* 

Is the confounding domain 
measured validly and reliably by 
this variable (or these 
variables)? 

OPTIONAL: Is failure to adjust for 
this variable (alone) expected to 
favour the experimental 
intervention or the comparator? 
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None 
  

  

* In the context of a particular study, variables can be demonstrated not to be confounders and so not included in the analys is: (a) if they are not predictive of the outcome; (b) if they are not predictive of intervention; or (c) because 
adjustment makes no or minimal difference to the estimated effect of the primary parameter. Note that “no statistically significant association” is not the same as “not predictive”.  
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Preliminary consideration of co-interventions 

Complete a row for each important co-intervention (i) listed in the review protocol; and (ii) relevant to the setting of this particular study, or which the study authors identified 

as important. 

“Important” co-interventions are those for which, in the context of this study, adjustment is expected to lead to a clinically important change in the estimated effect of the 
intervention. 

(i) Co-interventions listed in the review protocol 

Co-intervention Is there evidence that controlling for this co-intervention 
was unnecessary (e.g. because it was not administered)? 

Is presence of this co-intervention likely to favour 
outcomes in the experimental intervention or the 
comparator 

No important co-interventions were listed in the review 
protocol 

 
 

 

(ii) Additional co-interventions relevant to the setting of this particular study, or which the study authors identified as important 

Co-intervention Is there evidence that controlling for this co-intervention 
was unnecessary (e.g. because it was not administered)? 

Is presence of this co-intervention likely to favour 
outcomes in the experimental intervention or the 
comparator 

Steroids No No information 

Antibiotics No No information 

Fluid therapy No No information 

Mechanical ventilation settings No No information 

Extracorporeal membrane oxygenation settings No No information 
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Risk of bias assessment  

Responses underlined in green are potential markers for low risk of bias, and responses in red are potential markers for a risk of bias. Where questions relate only to sign 

posts to other questions, no formatting is used. 

 Signalling questions Description Response options 

Bias due to confounding 
 1.1 Is there potential for confounding of the effect of 

intervention in this study? 

If N/PN to 1.1: the study can be considered to be at low 
risk of bias due to confounding and no further signalling 
questions need be considered 

Citation: “Patients in the prone ECMO group were more frequently 
turned to PP before ECMO.” 

Y 

If Y/PY to 1.1: determine whether there is a need to 
assess time-varying confounding: 

  

1.2. Was the analysis based on splitting participants’ 
follow up time according to intervention received? 

If N/PN, answer questions relating to baseline 
confounding (1.4 to 1.6)  

If Y/PY, go to question 1.3. 

 N 

1.3. Were intervention discontinuations or switches 
likely to be related to factors that are prognostic for 
the outcome? 

If N/PN, answer questions relating to baseline 
confounding (1.4 to 1.6) 

If Y/PY, answer questions relating to both 
baseline and time-varying confounding (1.7 and 

1.8)  

 NA 
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 Questions relating to baseline confounding only 
1.4. Did the authors use an appropriate analysis 
method that controlled for all the important 
confounding domains? 

The authors used multivariable logistic regression and matching. PY 

1.5. If Y/PY to 1.4: Were confounding domains that 
were controlled for measured validly and reliably by 

the variables available in this study? 

 Y 

1.6. Did the authors control for any post-
intervention variables that could have been affected 
by the intervention? 

 N 

 Questions relating to baseline and time-varying confounding  

1.7. Did the authors use an appropriate analysis 
method that controlled for all the important 
confounding domains and for time-varying 
confounding? 

 NA 

1.8. If Y/PY to 1.7: Were confounding domains that 
were controlled for measured validly and reliably by 
the variables available in this study? 

 NA 

 Risk of bias judgement The matching method is not detailed. Moderate 

Optional: What is the predicted direction of bias due to 
confounding? 

 Favours comparator 
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Bias in selection of participants into the study 

 2.1. Was selection of participants into the study (or into 
the analysis) based on participant characteristics 
observed after the start of intervention? 

If N/PN to 2.1: go to 2.4 

Citation: “we have performed a retrospective observational study to 
compare outcomes of severe ARDS patients under vvECMO according 
to the use of PP or lack thereof during their ECMO run.” 

N 

2.2. If Y/PY to 2.1: Were the post-intervention 
variables that influenced selection likely to be 
associated with intervention? 

2.3 If Y/PY to 2.2:  Were the post-intervention 
variables that influenced selection likely to be 
influenced by the outcome or a cause of the 
outcome? 

 NA 
 
 

NA 
 

2.4. Do start of follow-up and start of intervention 
coincide for most participants? 

 Y 

2.5. If Y/PY to 2.2 and 2.3, or N/PN to 2.4: Were 
adjustment techniques used that are likely to correct for 
the presence of selection biases? 

 NA 

Risk of bias judgement  Low 

Optional: What is the predicted direction of bias due to 
selection of participants into the study? 

 Unpredictable 

 

Bias in classification of interventions  
 3.1 Were intervention groups clearly defined?  Citation: “We have compared patients with a combination of PP during 

ECMO (prone ECMO group) to those maintained in supine position (ECMO 
alone group).” 

Y 

3.2 Was the information used to define intervention 
groups recorded at the start of the intervention? 

 Y 

3.3 Could classification of intervention status have 
been affected by knowledge of the outcome or risk 
of the outcome? 

 N 

Risk of bias judgement  Low 

Optional: What is the predicted direction of bias due 
to classification of interventions? 

 Unpredictable 
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Bias due to deviations from intended interventions 

 If your aim for this study is to assess the effect of assignment to intervention, answer questions 4.1 and 4.2  

4.1. Were there deviations from the intended 
intervention beyond what would be expected in 
usual practice? 

 PN 

4.2. If Y/PY to 4.1: Were these deviations from 
intended intervention unbalanced between groups 
and likely to have affected the outcome? 

 NA 

If your aim for this study is to assess the effect of starting and adhering to intervention, answer questions 4.3 to 4.6  

4.3. Were important co-interventions balanced 
across intervention groups? 

 Y / PY / PN / N / NI 

4.4. Was the intervention implemented successfully 
for most participants? 

 Y / PY / PN / N / NI 

4.5. Did study participants adhere to the assigned 
intervention regimen? 

 Y / PY / PN / N / NI 

4.6. If N/PN to 4.3, 4.4 or 4.5: Was an appropriate 
analysis used to estimate the effect of starting and 

adhering to the intervention? 

 NA / Y / PY / PN / N / NI 

Risk of bias judgement  Low 
Optional: What is the predicted direction of bias due 
to deviations from the intended interventions? 

 Unpredictable 
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Bias due to missing data 

 5.1 Were outcome data available for all, or nearly all, 
participants? 

 Y 

5.2 Were participants excluded due to missing data 
on intervention status? 

  
N  

5.3 Were participants excluded due to missing data 
on other variables needed for the analysis? 

  
N 

5.4 If PN/N to 5.1, or Y/PY to 5.2 or 5.3: Are the 
proportion of participants and reasons for missing 

data similar across interventions? 

 NA 

5.5 If PN/N to 5.1, or Y/PY to 5.2 or 5.3: Is there 
evidence that results were robust to the presence of 
missing data? 

 NA 

Risk of bias judgement  Low 

Optional: What is the predicted direction of bias due 
to missing data? 

 Unpredictable 

 

Bias in measurement of outcomes  

 6.1 Could the outcome measure have been 
influenced by knowledge of the intervention 
received? 

 N 

6.2 Were outcome assessors aware of the 
intervention received by study participants? 

 PY 

6.3 Were the methods of outcome assessment 

comparable across intervention groups? 
 Y 

6.4 Were any systematic errors in measurement of 
the outcome related to intervention received? 

 N 

Risk of bias judgement  Moderate 

Optional: What is the predicted direction of bias due 
to measurement of outcomes? 

 Unpredictable 
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Bias in selection of the reported result 

 Is the reported effect estimate likely to be selected, 

on the basis of the results, from... 
  

7.1. ... multiple outcome measurements within the 
outcome domain?  

 N 

7.2 ... multiple analyses of the intervention-outcome 
relationship? 

 PN 

7.3 ... different subgroups?  PN 

Risk of bias judgement  Low 

Optional: What is the predicted direction of bias due 
to selection of the reported result? 

 Unpredictable 

 

Overall bias 

 Risk of bias judgement  Moderate 
Optional: What is the overall predicted direction of 
bias for this outcome? 

 Unpredictable 
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The Risk Of Bias In Non-randomized Studies – of Interventions (ROBINS-I) assessment tool  
(version for cohort-type studies) 
Version 19 September 2016 

 

 
This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License. 

 

Garcia et al., 2020 

ROBINS-I tool (Stage I): At protocol stage  

Specify the review question  

Participants Patients with acute hypoxemic respiratory failure receiving veno-venous extracorporeal membrane oxygenation 

Experimental intervention Prone positioning 

Comparator No prone positioning 

Outcomes 28-day mortality 

 

List the confounding domains relevant to all or most studies 

Patients’ characteristics, etiology of acute hypoxemic respiratory failure, severity of acute hypoxemic respiratory failure, large-volume (>20 cases annually) vs. low-volume 
(≤20 cases annually) extracorporeal membrane oxygenation centers; number of proning cycles 

List co-interventions that could be different between intervention groups and that could impact on outcomes 

Steroids, antibiotics, fluid therapy, mechanical ventilation settings, extracorporeal membrane oxygenation settings 
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ROBINS-I tool (Stage II): For each study 

Specify a target randomized trial specific to the study 

Design Individually randomized 

Participants Patients with acute hypoxemic respiratory failure receiving veno-venous extracorporeal membrane oxygenation 

Experimental intervention Prone positioning 

Comparator No prone positioning 

 

Is your aim for this study…? 

X to assess the effect of assignment to intervention 

 to assess the effect of starting and adhering to intervention 

 

Specify the outcome 

Specify which outcome is being assessed for risk of bias (typically from among those earmarked for the Summary of Findings table). Specify whether this is a proposed benefit 
or harm of intervention. 

28-day mortality. Prone positioning is hypothesized to reduce hospital mortality. 

 

Specify the numerical result being assessed 

In case of multiple alternative analyses being presented, specify the numeric result (e.g. RR = 1.52 (95% CI 0.83 to 2.77) and/or a reference (e.g. to a table, figure or paragraph) 
that uniquely defines the result being assessed. 

Absolute frequency of 28-day mortality (Table 2) 
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Preliminary consideration of confounders 

Complete a row for each important confounding domain (i) listed in the review protocol; and (ii) relevant to the setting of this particular study, or which the study authors 
identified as potentially important. 

“Important” confounding domains are those for which, in the context of this study, adjustment is expected to lead to a clinically important change in the estimated effect of the 
intervention. “Validity” refers to whether the confounding variable or variables fully measure the domain, while “reliability” refers to the precision of the measurement (more 
measurement error means less reliability). 

(i) Confounding domains listed in the review protocol 

Confounding domain Measured variable(s)  Is there evidence that 
controlling for this variable was 
unnecessary?* 

Is the confounding domain 
measured validly and reliably by 
this variable (or these 
variables)? 

OPTIONAL: Is failure to adjust for 
this variable (alone) expected to 
favour the experimental 
intervention or the comparator? 

Patients’ characteristics 
Age, gender, comorbidities, 

severity of critical illness 
No Yes No information 

Etiology of acute hypoxemic 
respiratory failure 

Etiology of acute hypoxemic 
respiratory failure 

No  
 

Severity of acute hypoxemic 
respiratory failure 

Arterial partial pressure of 
oxygen to fraction of inspired 

oxygen ratio 
No  

 

Large-volume (>20 cases 
annually) vs. low-volume (≤20 
cases annually) extracorporeal 

membrane oxygenation 
centers 

Number of extracorporeal 
membrane oxygenation case per 

year 
No  

 

Number of proning cycles 
before cannulation 

Number of proning cycles No  
 

 

(ii) Additional confounding domains relevant to the setting of this particular study, or which the study authors identified as important 

Confounding domain Measured variable(s)  Is there evidence that 
controlling for this variable was 
unnecessary?* 

Is the confounding domain 
measured validly and reliably by 
this variable (or these 
variables)? 

OPTIONAL: Is failure to adjust for 
this variable (alone) expected to 
favour the experimental 
intervention or the comparator? 
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None 
  

  

* In the context of a particular study, variables can be demonstrated not to be confounders and so not included in the analysis: (a) if they are not predictive of the outcome; (b) if they are not predictive of intervention; or (c) because 
adjustment makes no or minimal difference to the estimated effect of the primary parameter. Note that “no statistically significant association” is not the same as “not predictive”.  
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Preliminary consideration of co-interventions 

Complete a row for each important co-intervention (i) listed in the review protocol; and (ii) relevant to the setting of this particular study, or which the study authors identified 
as important. 

“Important” co-interventions are those for which, in the context of this study, adjustment is expected to lead to a clinically important change in the estimated effect of the 
intervention. 

(i) Co-interventions listed in the review protocol 

Co-intervention Is there evidence that controlling for this co-intervention 
was unnecessary (e.g. because it was not administered)? 

Is presence of this co-intervention likely to favour 
outcomes in the experimental intervention or the 
comparator 

No important co-interventions were listed in the review 
protocol 

 
 

 

(ii) Additional co-interventions relevant to the setting of this particular study, or which the study authors identified as important 

Co-intervention Is there evidence that controlling for this co-intervention 
was unnecessary (e.g. because it was not administered)? 

Is presence of this co-intervention likely to favour 
outcomes in the experimental intervention or the 
comparator 

Steroids No No information 

Antibiotics No No information 

Fluid therapy No No information 

Mechanical ventilation settings No No information 

Extracorporeal membrane oxygenation settings No No information 
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Risk of bias assessment  

Responses underlined in green are potential markers for low risk of bias, and responses in red are potential markers for a risk of bias. Where questions relate only to sign 
posts to other questions, no formatting is used. 

 Signalling questions Description Response options 

Bias due to confounding 

 1.1 Is there potential for confounding of the effect of 
intervention in this study? 

If N/PN to 1.1: the study can be considered to be at low 
risk of bias due to confounding and no further signalling 
questions need be considered 

Patients in the “prone group” had significantly more frequent 
consolidations on chest imaging and significantly higher sweep gas flow. 

Y 

If Y/PY to 1.1: determine whether there is a need to 
assess time-varying confounding: 

  

1.2. Was the analysis based on splitting participants’ 
follow up time according to intervention received? 

If N/PN, answer questions relating to baseline 
confounding (1.4 to 1.6)  

If Y/PY, go to question 1.3. 

 N 

1.3. Were intervention discontinuations or switches 
likely to be related to factors that are prognostic for 
the outcome? 

If N/PN, answer questions relating to baseline 
confounding (1.4 to 1.6) 

If Y/PY, answer questions relating to both 
baseline and time-varying confounding (1.7 and 
1.8)  

 NA 
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 Questions relating to baseline confounding only 

1.4. Did the authors use an appropriate analysis 
method that controlled for all the important 
confounding domains? 

 N 

1.5. If Y/PY to 1.4: Were confounding domains that 
were controlled for measured validly and reliably by 
the variables available in this study? 

 NA 

1.6. Did the authors control for any post-
intervention variables that could have been affected 
by the intervention? 

 N 

 Questions relating to baseline and time-varying confounding  

1.7. Did the authors use an appropriate analysis 
method that controlled for all the important 
confounding domains and for time-varying 
confounding? 

 NA 

1.8. If Y/PY to 1.7: Were confounding domains that 
were controlled for measured validly and reliably by 
the variables available in this study? 

 NA 

 Risk of bias judgement  Serious 

Optional: What is the predicted direction of bias due to 
confounding? 

 Favours comparator 
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Bias in selection of participants into the study 

 2.1. Was selection of participants into the study (or into 
the analysis) based on participant characteristics 
observed after the start of intervention? 

If N/PN to 2.1: go to 2.4 

Citation: “We performed a retrospective study of patients with SARS-
CoV-2-induced ARDS submitted to PP during VV-ECMO.” 

N 

2.2. If Y/PY to 2.1: Were the post-intervention 
variables that influenced selection likely to be 
associated with intervention? 

2.3 If Y/PY to 2.2:  Were the post-intervention 
variables that influenced selection likely to be 
influenced by the outcome or a cause of the 
outcome? 

 NA 
 
 

NA 
 

2.4. Do start of follow-up and start of intervention 
coincide for most participants? 

 Y 

2.5. If Y/PY to 2.2 and 2.3, or N/PN to 2.4: Were 
adjustment techniques used that are likely to correct for 
the presence of selection biases? 

 NA 

Risk of bias judgement  Low 

Optional: What is the predicted direction of bias due to 
selection of participants into the study? 

 Unpredictable 

 

Bias in classification of interventions  

 3.1 Were intervention groups clearly defined?  Citation: “We assess the safety of PP and compare patients with PP under 
ECMO (prone ECMO group) to those maintained in the supine position 
(supine ECMO group).” 

Y 

3.2 Was the information used to define intervention 
groups recorded at the start of the intervention? 

 Y 

3.3 Could classification of intervention status have 
been affected by knowledge of the outcome or risk 
of the outcome? 

 N 

Risk of bias judgement  Low 

Optional: What is the predicted direction of bias due 
to classification of interventions? 

 Unpredictable 
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Bias due to deviations from intended interventions 

 If your aim for this study is to assess the effect of assignment to intervention, answer questions 4.1 and 4.2  

4.1. Were there deviations from the intended 
intervention beyond what would be expected in 
usual practice? 

 PN 

4.2. If Y/PY to 4.1: Were these deviations from 
intended intervention unbalanced between groups 
and likely to have affected the outcome? 

 NA 

If your aim for this study is to assess the effect of starting and adhering to intervention, answer questions 4.3 to 4.6  

4.3. Were important co-interventions balanced 
across intervention groups? 

 Y / PY / PN / N / NI 

4.4. Was the intervention implemented successfully 
for most participants? 

 Y / PY / PN / N / NI 

4.5. Did study participants adhere to the assigned 
intervention regimen? 

 Y / PY / PN / N / NI 

4.6. If N/PN to 4.3, 4.4 or 4.5: Was an appropriate 
analysis used to estimate the effect of starting and 
adhering to the intervention? 

 NA / Y / PY / PN / N / NI 

Risk of bias judgement  Low 

Optional: What is the predicted direction of bias due 
to deviations from the intended interventions? 

 Unpredictable 
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Bias due to missing data 

 5.1 Were outcome data available for all, or nearly all, 
participants? 

 Y 

5.2 Were participants excluded due to missing data 
on intervention status? 

  
N  

5.3 Were participants excluded due to missing data 
on other variables needed for the analysis? 

  
N 

5.4 If PN/N to 5.1, or Y/PY to 5.2 or 5.3: Are the 
proportion of participants and reasons for missing 
data similar across interventions? 

 NA 

5.5 If PN/N to 5.1, or Y/PY to 5.2 or 5.3: Is there 
evidence that results were robust to the presence of 
missing data? 

 NA 

Risk of bias judgement  Low 

Optional: What is the predicted direction of bias due 
to missing data? 

 Unpredictable 

 

Bias in measurement of outcomes  
 6.1 Could the outcome measure have been 

influenced by knowledge of the intervention 
received? 

 N 

6.2 Were outcome assessors aware of the 
intervention received by study participants? 

 PY 

6.3 Were the methods of outcome assessment 
comparable across intervention groups? 

 Y 

6.4 Were any systematic errors in measurement of 
the outcome related to intervention received? 

 N 

Risk of bias judgement  Moderate 

Optional: What is the predicted direction of bias due 
to measurement of outcomes? 

 Unpredictable 
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Bias in selection of the reported result 

 Is the reported effect estimate likely to be selected, 
on the basis of the results, from... 

  

7.1. ... multiple outcome measurements within the 
outcome domain?  

 N 

7.2 ... multiple analyses of the intervention-outcome 
relationship? 

 PN 

7.3 ... different subgroups?  PN 

Risk of bias judgement  Low 

Optional: What is the predicted direction of bias due 
to selection of the reported result? 

 Unpredictable 

 

Overall bias 

 Risk of bias judgement  Serious 

Optional: What is the overall predicted direction of 
bias for this outcome? 

 Favours comparator 
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The Risk Of Bias In Non-randomized Studies – of Interventions (ROBINS-I) assessment tool  
(version for cohort-type studies) 
Version 19 September 2016 

 

 
This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License. 

 

Rilinger et al., 2020 

ROBINS-I tool (Stage I): At protocol stage  

Specify the review question  

Participants Patients with acute hypoxemic respiratory failure receiving veno-venous extracorporeal membrane oxygenation 

Experimental intervention Prone positioning 

Comparator No prone positioning 

Outcomes 28-day mortality 

 

List the confounding domains relevant to all or most studies 

Patients’ characteristics, etiology of acute hypoxemic respiratory failure, severity of acute hypoxemic respiratory failure, large-volume (>20 cases annually) vs. low-volume 
(≤20 cases annually) extracorporeal membrane oxygenation centers; number of proning cycles 

List co-interventions that could be different between intervention groups and that could impact on outcomes 

Steroids, antibiotics, fluid therapy, mechanical ventilation settings, extracorporeal membrane oxygenation settings 
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ROBINS-I tool (Stage II): For each study 

Specify a target randomized trial specific to the study 

Design Individually randomized 

Participants Patients with acute hypoxemic respiratory failure receiving veno-venous extracorporeal membrane oxygenation 

Experimental intervention Prone positioning 

Comparator No prone positioning 

 

Is your aim for this study…? 

X to assess the effect of assignment to intervention 

 to assess the effect of starting and adhering to intervention 

 

Specify the outcome 

Specify which outcome is being assessed for risk of bias (typically from among those earmarked for the Summary of Findings table). Specify whether this is a proposed benefit 
or harm of intervention. 

30-day mortality. Prone positioning is hypothesized to reduce 90-day mortality. Twenty-eight-day mortality was not analyzed in the original study. 

 

Specify the numerical result being assessed 

In case of multiple alternative analyses being presented, specify the numeric result (e.g. RR = 1.52 (95% CI 0.83 to 2.77) and/or a reference (e.g. to a table, figure or paragraph) 
that uniquely defines the result being assessed. 

Absolute frequency of 30-day mortality in the unmatched cohorts(Table 2) and following the propensity score matching analysis (Table E2) 
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Preliminary consideration of confounders 

Complete a row for each important confounding domain (i) listed in the review protocol; and (ii) relevant to the setting of this particular study, or which the study authors 
identified as potentially important. 

“Important” confounding domains are those for which, in the context of this study, adjustment is expected to lead to a clinically important change in the estimated effect of the 
intervention. “Validity” refers to whether the confounding variable or variables fully measure the domain, while “reliability” refers to the precision of the measurement (more 
measurement error means less reliability). 

(i) Confounding domains listed in the review protocol 

Confounding domain Measured variable(s)  Is there evidence that 
controlling for this variable was 
unnecessary?* 

Is the confounding domain 
measured validly and reliably by 
this variable (or these 
variables)? 

OPTIONAL: Is failure to adjust for 
this variable (alone) expected to 
favour the experimental 
intervention or the comparator? 

Patients’ characteristics 
Age, gender, comorbidities, 

severity of critical illness 
No Yes No information 

Etiology of acute hypoxemic 
respiratory failure 

Etiology of acute hypoxemic 
respiratory failure 

No  
 

Severity of acute hypoxemic 
respiratory failure 

Arterial partial pressure of 
oxygen to fraction of inspired 

oxygen ratio 
No  

 

Large-volume (>20 cases 
annually) vs. low-volume (≤20 
cases annually) extracorporeal 

membrane oxygenation 
centers 

Number of extracorporeal 
membrane oxygenation case per 

year 
No  

 

Number of proning cycles 
before cannulation 

Number of proning cycles No  
 

 

(ii) Additional confounding domains relevant to the setting of this particular study, or which the study authors identified as important 

Confounding domain Measured variable(s)  Is there evidence that 
controlling for this variable was 
unnecessary?* 

Is the confounding domain 
measured validly and reliably by 
this variable (or these 
variables)? 

OPTIONAL: Is failure to adjust for 
this variable (alone) expected to 
favour the experimental 
intervention or the comparator? 
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None 
  

  

* In the context of a particular study, variables can be demonstrated not to be confounders and so not included in the analys is: (a) if they are not predictive of the outcome; (b) if they are not predictive of intervention; or (c) because 
adjustment makes no or minimal difference to the estimated effect of the primary parameter. Note that “no statistically significant association” is not the same as “not predictive”.  
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Preliminary consideration of co-interventions 

Complete a row for each important co-intervention (i) listed in the review protocol; and (ii) relevant to the setting of this particular study, or which the study authors identified 
as important. 

“Important” co-interventions are those for which, in the context of this study, adjustment is expected to lead to a clinically important change in the estimated effect of the 
intervention. 

(i) Co-interventions listed in the review protocol 

Co-intervention Is there evidence that controlling for this co-intervention 
was unnecessary (e.g. because it was not administered)? 

Is presence of this co-intervention likely to favour 
outcomes in the experimental intervention or the 
comparator 

No important co-interventions were listed in the review 
protocol 

 
 

 

(ii) Additional co-interventions relevant to the setting of this particular study, or which the study authors identified as important 

Co-intervention Is there evidence that controlling for this co-intervention 
was unnecessary (e.g. because it was not administered)? 

Is presence of this co-intervention likely to favour 
outcomes in the experimental intervention or the 
comparator 

Steroids No No information 

Antibiotics No No information 

Fluid therapy No No information 

Mechanical ventilation settings No No information 

Extracorporeal membrane oxygenation settings No No information 
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Risk of bias assessment  

Responses underlined in green are potential markers for low risk of bias, and responses in red are potential markers for a risk of bias. Where questions relate only to sign 
posts to other questions, no formatting is used. 

 Signalling questions Description Response options 

Bias due to confounding 

 1.1 Is there potential for confounding of the effect of 
intervention in this study? 

If N/PN to 1.1: the study can be considered to be at low 
risk of bias due to confounding and no further signalling 
questions need be considered 

Citation: “Patients with PP during ECMO support had a higher rate of 
pre-existing chronic renal failure and pneumonia- induced ARDS. 
Patients in the prone group displayed a different pulmonary pathogen 
spectrum […] 
Patients with PP during ECMO support showed higher PEEP levels from 
day 4 and higher plateau pressures from day 4 to 8 […] patients with PP 
during ECMO support showed less spontaneous breathing on day 5 and 
day 8 to 10.” 

Y 

If Y/PY to 1.1: determine whether there is a need to 
assess time-varying confounding: 

  

1.2. Was the analysis based on splitting participants’ 
follow up time according to intervention received? 

If N/PN, answer questions relating to baseline 
confounding (1.4 to 1.6)  

If Y/PY, go to question 1.3. 

 N 

1.3. Were intervention discontinuations or switches 
likely to be related to factors that are prognostic for 
the outcome? 

If N/PN, answer questions relating to baseline 
confounding (1.4 to 1.6) 

If Y/PY, answer questions relating to both 
baseline and time-varying confounding (1.7 and 
1.8)  

 NA 
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 Questions relating to baseline confounding only 

1.4. Did the authors use an appropriate analysis 
method that controlled for all the important 
confounding domains? 

The authors used propensity score matching. Citation: “Thirty-eight 
propensity score matched pairs (76 patients) with similar baseline 
characteristics could be analysed”. 

PY 

1.5. If Y/PY to 1.4: Were confounding domains that 
were controlled for measured validly and reliably by 
the variables available in this study? 

 Y 

1.6. Did the authors control for any post-
intervention variables that could have been affected 
by the intervention? 

 N 

 Questions relating to baseline and time-varying confounding  

1.7. Did the authors use an appropriate analysis 
method that controlled for all the important 
confounding domains and for time-varying 
confounding? 

 NA 

1.8. If Y/PY to 1.7: Were confounding domains that 
were controlled for measured validly and reliably by 
the variables available in this study? 

 NA 

 Risk of bias judgement  Moderate 

Optional: What is the predicted direction of bias due to 
confounding? 

 Favours comparator 
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Bias in selection of participants into the study 

 2.1. Was selection of participants into the study (or into 
the analysis) based on participant characteristics 
observed after the start of intervention? 

If N/PN to 2.1: go to 2.4 

Citation: “We report retrospective data of a single-centre registry of 
patients with severe ARDS treated with VV ECMO.” 

N 

2.2. If Y/PY to 2.1: Were the post-intervention 
variables that influenced selection likely to be 
associated with intervention? 

2.3 If Y/PY to 2.2:  Were the post-intervention 
variables that influenced selection likely to be 
influenced by the outcome or a cause of the 
outcome? 

 NA 
 
 

NA 
 

2.4. Do start of follow-up and start of intervention 
coincide for most participants? 

 Y 

2.5. If Y/PY to 2.2 and 2.3, or N/PN to 2.4: Were 
adjustment techniques used that are likely to correct for 
the presence of selection biases? 

 NA 

Risk of bias judgement  Low 

Optional: What is the predicted direction of bias due to 
selection of participants into the study? 

 Unpredictable 
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Bias in classification of interventions  

 3.1 Were intervention groups clearly defined?  Citation: “Patients receiving PP during ECMO support were allocated to the 
prone group, whereas the remaining patients formed the supine group.” 
 
 

Y 

3.2 Was the information used to define intervention 
groups recorded at the start of the intervention? 

 Y 

3.3 Could classification of intervention status have 
been affected by knowledge of the outcome or risk 
of the outcome? 

 N 

Risk of bias judgement  Low 

Optional: What is the predicted direction of bias due 
to classification of interventions? 

 Unpredictable 
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Bias due to deviations from intended interventions 

 If your aim for this study is to assess the effect of assignment to intervention, answer questions 4.1 and 4.2  

4.1. Were there deviations from the intended 
intervention beyond what would be expected in 
usual practice? 

 PN 

4.2. If Y/PY to 4.1: Were these deviations from 
intended intervention unbalanced between groups 
and likely to have affected the outcome? 

 NA 

If your aim for this study is to assess the effect of starting and adhering to intervention, answer questions 4.3 to 4.6  

4.3. Were important co-interventions balanced 
across intervention groups? 

 Y / PY / PN / N / NI 

4.4. Was the intervention implemented successfully 
for most participants? 

 Y / PY / PN / N / NI 

4.5. Did study participants adhere to the assigned 
intervention regimen? 

 Y / PY / PN / N / NI 

4.6. If N/PN to 4.3, 4.4 or 4.5: Was an appropriate 
analysis used to estimate the effect of starting and 
adhering to the intervention? 

 NA / Y / PY / PN / N / NI 

Risk of bias judgement  Low 

Optional: What is the predicted direction of bias due 
to deviations from the intended interventions? 

 Unpredictable 
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Bias due to missing data 

 5.1 Were outcome data available for all, or nearly all, 
participants? 

 PY  

5.2 Were participants excluded due to missing data 
on intervention status? 

 NI 
 

5.3 Were participants excluded due to missing data 
on other variables needed for the analysis? 

  
NI 

5.4 If PN/N to 5.1, or Y/PY to 5.2 or 5.3: Are the 
proportion of participants and reasons for missing 
data similar across interventions? 

 NI 

5.5 If PN/N to 5.1, or Y/PY to 5.2 or 5.3: Is there 
evidence that results were robust to the presence of 
missing data? 

 NI 

Risk of bias judgement  Low 

Optional: What is the predicted direction of bias due 
to missing data? 

 Unpredictable 

 

Bias in measurement of outcomes  
 6.1 Could the outcome measure have been 

influenced by knowledge of the intervention 
received? 

 N 

6.2 Were outcome assessors aware of the 
intervention received by study participants? 

 PY 

6.3 Were the methods of outcome assessment 
comparable across intervention groups? 

 Y 

6.4 Were any systematic errors in measurement of 
the outcome related to intervention received? 

 N 

Risk of bias judgement  Moderate 

Optional: What is the predicted direction of bias due 
to measurement of outcomes? 

 Unpredictable 
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Bias in selection of the reported result 

 Is the reported effect estimate likely to be selected, 
on the basis of the results, from... 

  

7.1. ... multiple outcome measurements within the 
outcome domain?  

 N 

7.2 ... multiple analyses of the intervention-outcome 
relationship? 

 PN 

7.3 ... different subgroups?  PN 

Risk of bias judgement  Low 

Optional: What is the predicted direction of bias due 
to selection of the reported result? 

 Unpredictable 

 

Overall bias 

 Risk of bias judgement  Moderate 

Optional: What is the overall predicted direction of 
bias for this outcome? 

 Unpredictable 
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The Risk Of Bias In Non-randomized Studies – of Interventions (ROBINS-I) assessment tool  
(version for cohort-type studies) 
Version 19 September 2016 

 

 
This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License. 

 

Yang et al., 2021 

ROBINS-I tool (Stage I): At protocol stage  

Specify the review question  

Participants Patients with acute hypoxemic respiratory failure receiving veno-venous extracorporeal membrane oxygenation 

Experimental intervention Prone positioning 

Comparator No prone positioning 

Outcomes 28-day mortality 

 

List the confounding domains relevant to all or most studies 

Patients’ characteristics, etiology of acute hypoxemic respiratory failure, severity of acute hypoxemic respiratory failure, large-volume (>20 cases annually) vs. low-volume 
(≤20 cases annually) extracorporeal membrane oxygenation centers; number of proning cycles 

List co-interventions that could be different between intervention groups and that could impact on outcomes 

Steroids, antibiotics, fluid therapy, mechanical ventilation settings, extracorporeal membrane oxygenation settings 
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ROBINS-I tool (Stage II): For each study 

Specify a target randomized trial specific to the study 

Design Individually randomized 

Participants Patients with acute hypoxemic respiratory failure receiving veno-venous extracorporeal membrane oxygenation 

Experimental intervention Prone positioning 

Comparator No prone positioning 

 

Is your aim for this study…? 

X to assess the effect of assignment to intervention 

 to assess the effect of starting and adhering to intervention 

 

Specify the outcome 

Specify which outcome is being assessed for risk of bias (typically from among those earmarked for the Summary of Findings table). Specify whether this is a proposed benefit 
or harm of intervention. 

Hospital mortality. Prone positioning is hypothesized to reduce hospital mortality. Data on hospital mortality stratified for the prone and no prone groups are not reported 
in the original study, but were derived from a previous meta-analysis. 

 

Specify the numerical result being assessed 

In case of multiple alternative analyses being presented, specify the numeric result (e.g. RR = 1.52 (95% CI 0.83 to 2.77) and/or a reference (e.g. to a table, figure or paragraph) 
that uniquely defines the result being assessed. 

Absolute frequency of hospital mortality in Figure 3 in Papazian L, Schmidt M, Hajage D, Combes A, Petit M, Lebreton G, Rilinger J, Giani M, Le Breton C, Duburcq T, Jozwiak 
M, Wengenmayer T, Roux D, Parke R, Loundou A, Guervilly C, Boyer L. Effect of prone positioning on survival in adult patients receiving venovenous extracorporeal 
membrane oxygenation for acute respiratory distress syndrome: a systematic review and meta-analysis. Intensive Care Med. 2022 Mar;48(3):270-280. doi: 10.1007/s00134-
021-06604-x. Epub 2022 Jan 17. PMID: 35037993; PMCID: PMC8762989. 
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Preliminary consideration of confounders 

Complete a row for each important confounding domain (i) listed in the review protocol; and (ii) relevant to the setting of this particular study, or which the study authors 
identified as potentially important. 

“Important” confounding domains are those for which, in the context of this study, adjustment is expected to lead to a clinically important change in the estimated effect of the 
intervention. “Validity” refers to whether the confounding variable or variables fully measure the domain, while “reliability” refers to the precision of the measurement (more 
measurement error means less reliability). 

(i) Confounding domains listed in the review protocol 

Confounding domain Measured variable(s)  Is there evidence that 
controlling for this variable was 
unnecessary?* 

Is the confounding domain 
measured validly and reliably by 
this variable (or these 
variables)? 

OPTIONAL: Is failure to adjust for 
this variable (alone) expected to 
favour the experimental 
intervention or the comparator? 

Patients’ characteristics 
Age, gender, comorbidities, 

severity of critical illness 
No Yes No information 

Etiology of acute hypoxemic 
respiratory failure 

Etiology of acute hypoxemic 
respiratory failure 

No  
 

Severity of acute hypoxemic 
respiratory failure 

Arterial partial pressure of 
oxygen to fraction of inspired 

oxygen ratio 
No  

 

Large-volume (>20 cases 
annually) vs. low-volume (≤20 
cases annually) extracorporeal 

membrane oxygenation 
centers 

Number of extracorporeal 
membrane oxygenation case per 

year 
No  

 

Number of proning cycles 
before cannulation 

Number of proning cycles No  
 

 

(ii) Additional confounding domains relevant to the setting of this particular study, or which the study authors identified as important 

Confounding domain Measured variable(s)  Is there evidence that 
controlling for this variable was 
unnecessary?* 

Is the confounding domain 
measured validly and reliably by 
this variable (or these 
variables)? 

OPTIONAL: Is failure to adjust for 
this variable (alone) expected to 
favour the experimental 
intervention or the comparator? 
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None 
  

  

* In the context of a particular study, variables can be demonstrated not to be confounders and so not included in the analys is: (a) if they are not predictive of the outcome; (b) if they are not predictive of intervention; or (c) because 
adjustment makes no or minimal difference to the estimated effect of the primary parameter. Note that “no statistically significant association” is not the same as “not predictive”.  
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Preliminary consideration of co-interventions 

Complete a row for each important co-intervention (i) listed in the review protocol; and (ii) relevant to the setting of this particular study, or which the study authors identified 
as important. 

“Important” co-interventions are those for which, in the context of this study, adjustment is expected to lead to a clinically important change in the estimated effect of the 
intervention. 

(i) Co-interventions listed in the review protocol 

Co-intervention Is there evidence that controlling for this co-intervention 
was unnecessary (e.g. because it was not administered)? 

Is presence of this co-intervention likely to favour 
outcomes in the experimental intervention or the 
comparator 

No important co-interventions were listed in the review 
protocol 

 
 

 

(ii) Additional co-interventions relevant to the setting of this particular study, or which the study authors identified as important 

Co-intervention Is there evidence that controlling for this co-intervention 
was unnecessary (e.g. because it was not administered)? 

Is presence of this co-intervention likely to favour 
outcomes in the experimental intervention or the 
comparator 

Steroids No No information 

Antibiotics No No information 

Fluid therapy No No information 

Mechanical ventilation settings No No information 

Extracorporeal membrane oxygenation settings No No information 
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Risk of bias assessment  

Responses underlined in green are potential markers for low risk of bias, and responses in red are potential markers for a risk of bias. Where questions relate only to sign 
posts to other questions, no formatting is used. 

 Signalling questions Description Response options 

Bias due to confounding 

 1.1 Is there potential for confounding of the effect of 
intervention in this study? 

If N/PN to 1.1: the study can be considered to be at low 
risk of bias due to confounding and no further signalling 
questions need be considered 

The experimental and control subgroups were not compared in the 
original study. The corresponding authors did not respond to our 
requests. Therefore, the outcome data were derived from a previous 
meta-analysis (doi: 10.1007/s00134-021-06604-x). However, the 
baseline characteristics of the subgroups were not described. 

PY 

If Y/PY to 1.1: determine whether there is a need to 
assess time-varying confounding: 

  

1.2. Was the analysis based on splitting participants’ 
follow up time according to intervention received? 

If N/PN, answer questions relating to baseline 
confounding (1.4 to 1.6)  

If Y/PY, go to question 1.3. 

 N 

1.3. Were intervention discontinuations or switches 
likely to be related to factors that are prognostic for 
the outcome? 

If N/PN, answer questions relating to baseline 
confounding (1.4 to 1.6) 

If Y/PY, answer questions relating to both 
baseline and time-varying confounding (1.7 and 
1.8)  

 NA 
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 Questions relating to baseline confounding only 

1.4. Did the authors use an appropriate analysis 
method that controlled for all the important 
confounding domains? 

 PN 

1.5. If Y/PY to 1.4: Were confounding domains that 
were controlled for measured validly and reliably by 
the variables available in this study? 

 NA 

1.6. Did the authors control for any post-
intervention variables that could have been affected 
by the intervention? 

 NI 

 Questions relating to baseline and time-varying confounding  

1.7. Did the authors use an appropriate analysis 
method that controlled for all the important 
confounding domains and for time-varying 
confounding? 

 NA 

1.8. If Y/PY to 1.7: Were confounding domains that 
were controlled for measured validly and reliably by 
the variables available in this study? 

 NA 

 Risk of bias judgement  Serious 

Optional: What is the predicted direction of bias due to 
confounding? 

 Unpredictable 
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Bias in selection of participants into the study 

 2.1. Was selection of participants into the study (or into 
the analysis) based on participant characteristics 
observed after the start of intervention? 

If N/PN to 2.1: go to 2.4 

Citation: “We conducted this retrospective observational study on adult 
patients infected by SARS-CoV-2 who were treated with ECMO since 
January 1 in Hubei, China.” 

N 

2.2. If Y/PY to 2.1: Were the post-intervention 
variables that influenced selection likely to be 
associated with intervention? 

2.3 If Y/PY to 2.2:  Were the post-intervention 
variables that influenced selection likely to be 
influenced by the outcome or a cause of the 
outcome? 

 NA 
 
 

NA 
 

2.4. Do start of follow-up and start of intervention 
coincide for most participants? 

 Y 

2.5. If Y/PY to 2.2 and 2.3, or N/PN to 2.4: Were 
adjustment techniques used that are likely to correct for 
the presence of selection biases? 

 NA 

Risk of bias judgement  Low 

Optional: What is the predicted direction of bias due to 
selection of participants into the study? 

 Unpredictable 

 

Bias in classification of interventions  

 3.1 Were intervention groups clearly defined?  The intervention groups were not defined in the study methods, as 
participants were not analyzed according to the prone positioning vs. no 
prone positioning characteristic. 

N 

3.2 Was the information used to define intervention 
groups recorded at the start of the intervention? 

 NI 

3.3 Could classification of intervention status have 
been affected by knowledge of the outcome or risk 
of the outcome? 

 PN 

Risk of bias judgement  Moderate 

Optional: What is the predicted direction of bias due 
to classification of interventions? 

 Unpredictable 
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Bias due to deviations from intended interventions 

 If your aim for this study is to assess the effect of assignment to intervention, answer questions 4.1 and 4.2  

4.1. Were there deviations from the intended 
intervention beyond what would be expected in 
usual practice? 

 NI 

4.2. If Y/PY to 4.1: Were these deviations from 
intended intervention unbalanced between groups 
and likely to have affected the outcome? 

 NA 

If your aim for this study is to assess the effect of starting and adhering to intervention, answer questions 4.3 to 4.6  

4.3. Were important co-interventions balanced 
across intervention groups? 

 Y / PY / PN / N / NI 

4.4. Was the intervention implemented successfully 
for most participants? 

 Y / PY / PN / N / NI 

4.5. Did study participants adhere to the assigned 
intervention regimen? 

 Y / PY / PN / N / NI 

4.6. If N/PN to 4.3, 4.4 or 4.5: Was an appropriate 
analysis used to estimate the effect of starting and 
adhering to the intervention? 

 NA / Y / PY / PN / N / NI 

Risk of bias judgement  Moderate 

Optional: What is the predicted direction of bias due 
to deviations from the intended interventions? 

 Unpredictable 
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Bias due to missing data 

 5.1 Were outcome data available for all, or nearly all, 
participants? 

 PY 

5.2 Were participants excluded due to missing data 
on intervention status? 

 NI 

5.3 Were participants excluded due to missing data 
on other variables needed for the analysis? 

  
PN 

5.4 If PN/N to 5.1, or Y/PY to 5.2 or 5.3: Are the 
proportion of participants and reasons for missing 
data similar across interventions? 

 NA 

5.5 If PN/N to 5.1, or Y/PY to 5.2 or 5.3: Is there 
evidence that results were robust to the presence of 
missing data? 

 NA 

Risk of bias judgement  Low 

Optional: What is the predicted direction of bias due 
to missing data? 

 Unpredictable 

 

Bias in measurement of outcomes  
 6.1 Could the outcome measure have been 

influenced by knowledge of the intervention 
received? 

 N 

6.2 Were outcome assessors aware of the 
intervention received by study participants? 

 PY 

6.3 Were the methods of outcome assessment 
comparable across intervention groups? 

 Y 

6.4 Were any systematic errors in measurement of 
the outcome related to intervention received? 

 N 

Risk of bias judgement  Moderate 

Optional: What is the predicted direction of bias due 
to measurement of outcomes? 

 Unpredictable 
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Bias in selection of the reported result 

 Is the reported effect estimate likely to be selected, 
on the basis of the results, from... 

  

7.1. ... multiple outcome measurements within the 
outcome domain?  

 N 

7.2 ... multiple analyses of the intervention-outcome 
relationship? 

 PN 

7.3 ... different subgroups?  PN 

Risk of bias judgement  Low 

Optional: What is the predicted direction of bias due 
to selection of the reported result? 

 Unpredictable 

 

Overall bias 

 Risk of bias judgement  Serious 

Optional: What is the overall predicted direction of 
bias for this outcome? 

 Unpredictable 
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The Risk Of Bias In Non-randomized Studies – of Interventions (ROBINS-I) assessment tool  
(version for cohort-type studies) 
Version 19 September 2016 

 

 
This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License. 

 

Giani et al., 2021 

ROBINS-I tool (Stage I): At protocol stage  

Specify the review question  

Participants Patients with acute hypoxemic respiratory failure receiving veno-venous extracorporeal membrane oxygenation 

Experimental intervention Prone positioning 

Comparator No prone positioning 

Outcomes 28-day mortality 

 

List the confounding domains relevant to all or most studies 

Patients’ characteristics, etiology of acute hypoxemic respiratory failure, severity of acute hypoxemic respiratory failure, large-volume (>20 cases annually) vs. low-volume 
(≤20 cases annually) extracorporeal membrane oxygenation centers; number of proning cycles 

List co-interventions that could be different between intervention groups and that could impact on outcomes 

Steroids, antibiotics, fluid therapy, mechanical ventilation settings, extracorporeal membrane oxygenation settings 
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ROBINS-I tool (Stage II): For each study 

Specify a target randomized trial specific to the study 

Design Individually randomized 

Participants Patients with acute hypoxemic respiratory failure receiving veno-venous extracorporeal membrane oxygenation 

Experimental intervention Prone positioning 

Comparator No prone positioning 

 

Is your aim for this study…? 

X to assess the effect of assignment to intervention 

 to assess the effect of starting and adhering to intervention 

 

Specify the outcome 

Specify which outcome is being assessed for risk of bias (typically from among those earmarked for the Summary of Findings table). Specify whether this is a proposed benefit 
or harm of intervention. 

Hospital mortality. Prone positioning is hypothesized to reduce hospital mortality. Twenty-eight-day mortality was not analyzed in the original study. However, the study 
was included after correspondence with the authors.  

 

Specify the numerical result being assessed 

In case of multiple alternative analyses being presented, specify the numeric result (e.g. RR = 1.52 (95% CI 0.83 to 2.77) and/or a reference (e.g. to a table, figure or paragraph) 
that uniquely defines the result being assessed. 

Absolute frequency of hospital mortality in the unmatched cohorts (Table 4) and after the propensity score matching analysis (Table 6) 
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Preliminary consideration of confounders 

Complete a row for each important confounding domain (i) listed in the review protocol; and (ii) relevant to the setting of this particular study, or which the study authors 
identified as potentially important. 

“Important” confounding domains are those for which, in the context of this study, adjustment is expected to lead to a clinically important change in the estimated effect of the 
intervention. “Validity” refers to whether the confounding variable or variables fully measure the domain, while “reliability” refers to the precision of the measurement (more 
measurement error means less reliability). 

(i) Confounding domains listed in the review protocol 

Confounding domain Measured variable(s)  Is there evidence that 
controlling for this variable was 
unnecessary?* 

Is the confounding domain 
measured validly and reliably by 
this variable (or these 
variables)? 

OPTIONAL: Is failure to adjust for 
this variable (alone) expected to 
favour the experimental 
intervention or the comparator? 

Patients’ characteristics 
Age, gender, comorbidities, 

severity of critical illness 
No Yes No information 

Etiology of acute hypoxemic 
respiratory failure 

Etiology of acute hypoxemic 
respiratory failure 

No   

Severity of acute hypoxemic 
respiratory failure 

Arterial partial pressure of 
oxygen to fraction of inspired 

oxygen ratio 
No   

Large-volume (>20 cases 
annually) vs. low-volume (≤20 
cases annually) extracorporeal 

membrane oxygenation 
centers 

Number of extracorporeal 
membrane oxygenation case per 

year 
No   

Number of proning cycles 
before cannulation 

Number of proning cycles No   

 

(ii) Additional confounding domains relevant to the setting of this particular study, or which the study authors identified as important 

Confounding domain Measured variable(s)  Is there evidence that 
controlling for this variable was 
unnecessary?* 

Is the confounding domain 
measured validly and reliably by 
this variable (or these 
variables)? 

OPTIONAL: Is failure to adjust for 
this variable (alone) expected to 
favour the experimental 
intervention or the comparator? 
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None 
  

  

* In the context of a particular study, variables can be demonstrated not to be confounders and so not included in the analys is: (a) if they are not predictive of the outcome; (b) if they are not predictive of intervention; or (c) because 
adjustment makes no or minimal difference to the estimated effect of the primary parameter. Note that “no statistically significant association” is not the same as “not predictive”.  
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Preliminary consideration of co-interventions 

Complete a row for each important co-intervention (i) listed in the review protocol; and (ii) relevant to the setting of this particular study, or which the study authors identified 
as important. 

“Important” co-interventions are those for which, in the context of this study, adjustment is expected to lead to a clinically important change in the estimated effect of the 
intervention. 

(i) Co-interventions listed in the review protocol 

Co-intervention Is there evidence that controlling for this co-intervention 
was unnecessary (e.g. because it was not administered)? 

Is presence of this co-intervention likely to favour 
outcomes in the experimental intervention or the 
comparator 

No important co-interventions were listed in the review 
protocol 

 
 

 

(ii) Additional co-interventions relevant to the setting of this particular study, or which the study authors identified as important 

Co-intervention 
Is there evidence that controlling for this co-intervention 
was unnecessary (e.g. because it was not administered)? 

Is presence of this co-intervention likely to favour 
outcomes in the experimental intervention or the 
comparator 

Steroids No No information 

Antibiotics No No information 

Fluid therapy No No information 

Mechanical ventilation settings No No information 

Extracorporeal membrane oxygenation settings No No information 
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Risk of bias assessment  

Responses underlined in green are potential markers for low risk of bias, and responses in red are potential markers for a risk of bias. Where questions relate only to sign 
posts to other questions, no formatting is used. 

 Signalling questions Description Response options 

Bias due to confounding 

 1.1 Is there potential for confounding of the effect of 
intervention in this study? 

If N/PN to 1.1: the study can be considered to be at low 
risk of bias due to confounding and no further signalling 
questions need be considered 

Citation: “SOFA score was higher in control subjects […]. Renal 
replacement therapy before ECMO was used more frequently in the 
prone group, and the use of nitric oxide before ECMO was higher in the 
control group. […] In the prone group, the proportion of patients 
referred from other centers and retrieved on ECMO was higher.” 

Y 

If Y/PY to 1.1: determine whether there is a need to 
assess time-varying confounding: 

  

1.2. Was the analysis based on splitting participants’ 
follow up time according to intervention received? 

If N/PN, answer questions relating to baseline 
confounding (1.4 to 1.6)  

If Y/PY, go to question 1.3. 

 N  

1.3. Were intervention discontinuations or switches 
likely to be related to factors that are prognostic for 
the outcome? 

If N/PN, answer questions relating to baseline 
confounding (1.4 to 1.6) 

If Y/PY, answer questions relating to both 
baseline and time-varying confounding (1.7 and 
1.8)  

 NA 
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 Questions relating to baseline confounding only 

1.4. Did the authors use an appropriate analysis 
method that controlled for all the important 
confounding domains? 

The authors used multivariable logistic regression and propensity score 
matching. 

PY 

1.5. If Y/PY to 1.4: Were confounding domains that 
were controlled for measured validly and reliably by 
the variables available in this study? 

 PY 

1.6. Did the authors control for any post-
intervention variables that could have been affected 
by the intervention? 

 N 

 Questions relating to baseline and time-varying confounding  

1.7. Did the authors use an appropriate analysis 
method that controlled for all the important 
confounding domains and for time-varying 
confounding? 

 NA 

1.8. If Y/PY to 1.7: Were confounding domains that 
were controlled for measured validly and reliably by 
the variables available in this study? 

 NA 

 Risk of bias judgement  Moderate 

Optional: What is the predicted direction of bias due to 
confounding? 

 Unpredictable 

 

112



8 
 

Bias in selection of participants into the study 

 2.1. Was selection of participants into the study (or into 
the analysis) based on participant characteristics 
observed after the start of intervention? 

If N/PN to 2.1: go to 2.4 

Citation: “In this multicenter retrospective study, we enrolled patients 
treated in six Italian ECMO referral centers between January 2014 and 
December 2018. We included adult patients with a diagnosis of ARDS 
according to the Berlin definition […] and treated with V-V ECMO 
support.” 

PN 

2.2. If Y/PY to 2.1: Were the post-intervention 
variables that influenced selection likely to be 
associated with intervention? 

2.3 If Y/PY to 2.2:  Were the post-intervention 
variables that influenced selection likely to be 
influenced by the outcome or a cause of the 
outcome? 

 NA 
 
 

NA 
 

2.4. Do start of follow-up and start of intervention 
coincide for most participants? 

 Y 

2.5. If Y/PY to 2.2 and 2.3, or N/PN to 2.4: Were 
adjustment techniques used that are likely to correct for 
the presence of selection biases? 

 NA 

Risk of bias judgement Although the selection of participants into the study was not based on 
any characteristic observed after the start of the intervention, all 
control patients came from the same centers. This unmeasured 
selection bias may have affected the association of the intervention 
with mortality.  
Citation: “In the prone group, we enrolled consecutive ECMO patients 
who underwent PP in four centers in which PP is routinely performed 
during extracorporeal support. […] In the control group, we enrolled 
consecutive patients from two ECMO centers in which patients are 
routinely managed in the supine position without PP” 

Moderate 

Optional: What is the predicted direction of bias due to 
selection of participants into the study? 

 Unpredictable 
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Bias in classification of interventions  

 3.1 Were intervention groups clearly defined?  Citation: “In the prone group, we enrolled consecutive ECMO patients who 
underwent PP in four centers in which PP is routinely performed during 
extracorporeal support (ASST Monza, Monza; Ospedale Maggiore 
Policlinico, Milano; Istituto Mediterraneo per i Trapianti e Terapie ad Alta 
Specializzazione, Palermo; and Azienda Ospedaliera Mater Domini, 
Catanzaro). In the control group, we enrolled consecutive patients from 
two ECMO centers in which patients are routinely managed in the supine 
position without PP (Fondazione Istituto di Ricovero e Cura a Carattere 
Scientifico Policlinico San Matteo, Pavia, and Azienda Ospedaliera 
Universitaria Citta` della Salute e della Scienza, Torino).” 

Y 

3.2 Was the information used to define intervention 
groups recorded at the start of the intervention? 

 Y 

3.3 Could classification of intervention status have 
been affected by knowledge of the outcome or risk 
of the outcome? 

 N 

Risk of bias judgement  Low 

Optional: What is the predicted direction of bias due 
to classification of interventions? 

 Favours experimental / Favours 
comparator / Towards null /Away 

from null / Unpredictable 
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Bias due to deviations from intended interventions 

 If your aim for this study is to assess the effect of assignment to intervention, answer questions 4.1 and 4.2  

4.1. Were there deviations from the intended 
intervention beyond what would be expected in 
usual practice? 

Citation: “Six procedures (2%) were aborted because of respiratory or 
hemodynamic instability during PP.” 

N 

4.2. If Y/PY to 4.1: Were these deviations from 
intended intervention unbalanced between groups 
and likely to have affected the outcome? 

 NA 

If your aim for this study is to assess the effect of starting and adhering to intervention, answer questions 4.3 to 4.6  

4.3. Were important co-interventions balanced 
across intervention groups? 

 Y / PY / PN / N / NI 

4.4. Was the intervention implemented successfully 
for most participants? 

 Y / PY / PN / N / NI 

4.5. Did study participants adhere to the assigned 
intervention regimen? 

 Y / PY / PN / N / NI 

4.6. If N/PN to 4.3, 4.4 or 4.5: Was an appropriate 
analysis used to estimate the effect of starting and 
adhering to the intervention? 

 NA / Y / PY / PN / N / NI 

Risk of bias judgement  Low 

Optional: What is the predicted direction of bias due 
to deviations from the intended interventions? 

 Unpredictable 
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Bias due to missing data 

 5.1 Were outcome data available for all, or nearly all, 
participants? 

Absolute frequencies of hospital mortality are available for the whole 
cohort. The multivariable logistic model was performed on 226 patients, 
instead of 240. 

Y 

5.2 Were participants excluded due to missing data 
on intervention status? 

 N 

5.3 Were participants excluded due to missing data 
on other variables needed for the analysis? 

  
N 

5.4 If PN/N to 5.1, or Y/PY to 5.2 or 5.3: Are the 
proportion of participants and reasons for missing 
data similar across interventions? 

 NA 

5.5 If PN/N to 5.1, or Y/PY to 5.2 or 5.3: Is there 
evidence that results were robust to the presence of 
missing data? 

 NA 

Risk of bias judgement  Low 

Optional: What is the predicted direction of bias due 
to missing data? 

 Unpredictable 

 

Bias in measurement of outcomes  
 6.1 Could the outcome measure have been 

influenced by knowledge of the intervention 
received? 

 N 

6.2 Were outcome assessors aware of the 
intervention received by study participants? 

 PY  

6.3 Were the methods of outcome assessment 
comparable across intervention groups? 

 Y 

6.4 Were any systematic errors in measurement of 
the outcome related to intervention received? 

 PN 

Risk of bias judgement  Moderate 

Optional: What is the predicted direction of bias due 
to measurement of outcomes? 

 Unpredictable 
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Bias in selection of the reported result 

 Is the reported effect estimate likely to be selected, 
on the basis of the results, from... 

  

7.1. ... multiple outcome measurements within the 
outcome domain?  

 N 

7.2 ... multiple analyses of the intervention-outcome 
relationship? 

 PN 

7.3 ... different subgroups?  PN 

Risk of bias judgement  Low 

Optional: What is the predicted direction of bias due 
to selection of the reported result? 

 Unpredictable 

 

Overall bias 

 Risk of bias judgement  Moderate 

Optional: What is the overall predicted direction of 
bias for this outcome? 

 Unpredictable 
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The Risk Of Bias In Non-randomized Studies – of Interventions (ROBINS-I) assessment tool  
(version for cohort-type studies) 
Version 19 September 2016 

 

 
This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License. 

 

Chaplin et al., 2021 

ROBINS-I tool (Stage I): At protocol stage  

Specify the review question  

Participants Patients with acute hypoxemic respiratory failure receiving veno-venous extracorporeal membrane oxygenation 

Experimental intervention Prone positioning 

Comparator No prone positioning 

Outcomes 28-day mortality 

 

List the confounding domains relevant to all or most studies 

Patients’ characteristics, etiology of acute hypoxemic respiratory failure, severity of acute hypoxemic respiratory failure, large-volume (>20 cases annually) vs. low-volume 
(≤20 cases annually) extracorporeal membrane oxygenation centers; number of proning cycles 

 

 

List co-interventions that could be different between intervention groups and that could impact on outcomes 

Steroids, antibiotics, fluid therapy, mechanical ventilation settings, extracorporeal membrane oxygenation settings  
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ROBINS-I tool (Stage II): For each study 

Specify a target randomized trial specific to the study 

Design Individually randomized  

Participants Patients with acute hypoxemic respiratory failure receiving veno-venous extracorporeal membrane oxygenation 

Experimental intervention Prone positioning 

Comparator No prone positioning 

 

Is your aim for this study…? 

X to assess the effect of assignment to intervention 

 to assess the effect of starting and adhering to intervention 

 

Specify the outcome 

Specify which outcome is being assessed for risk of bias (typically from among those earmarked for the Summary of Findings table). Specify whether this is a proposed benefit 
or harm of intervention. 

Hospital mortality. Prone positioning is hypothesized to reduce hospital mortality. Twenty-eight-day mortality was not analyzed in the original study. However, the study 
was included because of the availability of data on hospital mortality after correspondence with the authors.  

 

Specify the numerical result being assessed 

In case of multiple alternative analyses being presented, specify the numeric result (e.g. RR = 1.52 (95% CI 0.83 to 2.77) and/or a reference (e.g. to a table, figure or paragraph) 
that uniquely defines the result being assessed. 

Absolute frequency of hospital mortality (Table 1) 
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Preliminary consideration of confounders 

Complete a row for each important confounding domain (i) listed in the review protocol; and (ii) relevant to the setting of this particular study, or which the study authors 
identified as potentially important. 

“Important” confounding domains are those for which, in the context of this study, adjustment is expected to lead to a clinically important change in the estimated effect of the 
intervention. “Validity” refers to whether the confounding variable or variables fully measure the domain, while “reliability” refers to the precision of the measurement (more 
measurement error means less reliability). 

(i) Confounding domains listed in the review protocol 

Confounding domain Measured variable(s)  Is there evidence that 
controlling for this variable was 
unnecessary?* 

Is the confounding domain 
measured validly and reliably by 
this variable (or these 
variables)? 

OPTIONAL: Is failure to adjust for 
this variable (alone) expected to 
favour the experimental 
intervention or the comparator? 

Patients’ characteristics 
Age, gender, comorbidities, 

severity of critical illness 
No Yes No information 

Etiology of acute hypoxemic 
respiratory failure 

Etiology of acute hypoxemic 
respiratory failure 

No  
 

Severity of acute hypoxemic 
respiratory failure 

Arterial partial pressure of 
oxygen to fraction of inspired 

oxygen ratio 
No  

 

Large-volume (>20 cases 
annually) vs. low-volume (≤20 
cases annually) extracorporeal 

membrane oxygenation 
centers 

Number of extracorporeal 
membrane oxygenation case per 

year 
No  

 

Number of proning cycles 
before cannulation 

Number of proning cycles No  
 

 

(ii) Additional confounding domains relevant to the setting of this particular study, or which the study authors identified as important 

Confounding domain Measured variable(s)  Is there evidence that 
controlling for this variable was 
unnecessary?* 

Is the confounding domain 
measured validly and reliably by 
this variable (or these 
variables)? 

OPTIONAL: Is failure to adjust for 
this variable (alone) expected to 
favour the experimental 
intervention or the comparator? 
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None 
  

  

* In the context of a particular study, variables can be demonstrated not to be confounders and so not included in the analys is: (a) if they are not predictive of the outcome; (b) if they are not predictive of intervention; or (c) because 
adjustment makes no or minimal difference to the estimated effect of the primary parameter. Note that “no statistically significant association” is not the same as “not predictive”.  
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Preliminary consideration of co-interventions 

Complete a row for each important co-intervention (i) listed in the review protocol; and (ii) relevant to the setting of this particular study, or which the study authors identified 
as important. 

“Important” co-interventions are those for which, in the context of this study, adjustment is expected to lead to a clinically important change in the estimated effect of the 
intervention. 

(i) Co-interventions listed in the review protocol 

Co-intervention Is there evidence that controlling for this co-intervention 
was unnecessary (e.g. because it was not administered)? 

Is presence of this co-intervention likely to favour 
outcomes in the experimental intervention or the 
comparator 

No important co-interventions were listed in the review 
protocol 

 
 

 

(ii) Additional co-interventions relevant to the setting of this particular study, or which the study authors identified as important 

Co-intervention Is there evidence that controlling for this co-intervention 
was unnecessary (e.g. because it was not administered)? 

Is presence of this co-intervention likely to favour 
outcomes in the experimental intervention or the 
comparator 

Steroids No No information 

Antibiotics No No information 

Fluid therapy No No information 

Mechanical ventilation settings No No information 

Extracorporeal membrane oxygenation settings No No information 
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Risk of bias assessment  

Responses underlined in green are potential markers for low risk of bias, and responses in red are potential markers for a risk of bias. Where questions relate only to sign 
posts to other questions, no formatting is used. 

 Signalling questions Description Response options 

Bias due to confounding 

 1.1 Is there potential for confounding of the effect of 
intervention in this study? 

If N/PN to 1.1: the study can be considered to be at low 
risk of bias due to confounding and no further signalling 
questions need be considered 

No comparison was made between the prone and supine groups. 
Therefore, significant between-group differences may be present. 

PY 

If Y/PY to 1.1: determine whether there is a need to 
assess time-varying confounding: 

  

1.2. Was the analysis based on splitting participants’ 
follow up time according to intervention received? 

If N/PN, answer questions relating to baseline 
confounding (1.4 to 1.6)  

If Y/PY, go to question 1.3. 

 N 

1.3. Were intervention discontinuations or switches 
likely to be related to factors that are prognostic for 
the outcome? 

If N/PN, answer questions relating to baseline 
confounding (1.4 to 1.6) 

If Y/PY, answer questions relating to both 
baseline and time-varying confounding (1.7 and 
1.8)  

 NA 
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 Questions relating to baseline confounding only 

1.4. Did the authors use an appropriate analysis 
method that controlled for all the important 
confounding domains? 

 N 

1.5. If Y/PY to 1.4: Were confounding domains that 
were controlled for measured validly and reliably by 
the variables available in this study? 

 NA 

1.6. Did the authors control for any post-
intervention variables that could have been affected 
by the intervention? 

 NI 

 Questions relating to baseline and time-varying confounding  

1.7. Did the authors use an appropriate analysis 
method that controlled for all the important 
confounding domains and for time-varying 
confounding? 

 NA 

1.8. If Y/PY to 1.7: Were confounding domains that 
were controlled for measured validly and reliably by 
the variables available in this study? 

 NA 

 Risk of bias judgement  Serious 

Optional: What is the predicted direction of bias due to 
confounding? 

 Unpredictable 
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Bias in selection of participants into the study 

 2.1. Was selection of participants into the study (or into 
the analysis) based on participant characteristics 
observed after the start of intervention? 

If N/PN to 2.1: go to 2.4 

Citation: “All adult patients who received VV-ECMO at this centre 
between July 1, 2014, and July 1, 2019, were included.” 

PN 

2.2. If Y/PY to 2.1: Were the post-intervention 
variables that influenced selection likely to be 
associated with intervention? 

2.3 If Y/PY to 2.2:  Were the post-intervention 
variables that influenced selection likely to be 
influenced by the outcome or a cause of the 
outcome? 

 NA 
 
 

NA 
 

2.4. Do start of follow-up and start of intervention 
coincide for most participants? 

 Y 

2.5. If Y/PY to 2.2 and 2.3, or N/PN to 2.4: Were 
adjustment techniques used that are likely to correct for 
the presence of selection biases? 

 NA 

Risk of bias judgement  Low 

Optional: What is the predicted direction of bias due to 
selection of participants into the study? 

 Unpredictable 

 

Bias in classification of interventions  

 3.1 Were intervention groups clearly defined?  Citation: “Patients were defined as having received prone positioning if 
they were documented as being in the prone position for more than 1 h. 
[…]Patients who underwent lung transplant were excluded.” 

Y 

3.2 Was the information used to define intervention 
groups recorded at the start of the intervention? 

 Y 

3.3 Could classification of intervention status have 
been affected by knowledge of the outcome or risk 
of the outcome? 

 N 

Risk of bias judgement  Low 

Optional: What is the predicted direction of bias due 
to classification of interventions? 

 Unpredictable 
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Bias due to deviations from intended interventions 

 If your aim for this study is to assess the effect of assignment to intervention, answer questions 4.1 and 4.2  

4.1. Were there deviations from the intended 
intervention beyond what would be expected in 
usual practice? 

Citation: “One patient was turned to the prone position for only 20 min 
and returned to the supine position urgently owing to an episode of 
desaturation and was therefore excluded from data analysis.” 

N 

4.2. If Y/PY to 4.1: Were these deviations from 
intended intervention unbalanced between groups 
and likely to have affected the outcome? 

 NA 

If your aim for this study is to assess the effect of starting and adhering to intervention, answer questions 4.3 to 4.6  

4.3. Were important co-interventions balanced 
across intervention groups? 

 Y / PY / PN / N / NI 

4.4. Was the intervention implemented successfully 
for most participants? 

 Y / PY / PN / N / NI 

4.5. Did study participants adhere to the assigned 
intervention regimen? 

 Y / PY / PN / N / NI 

4.6. If N/PN to 4.3, 4.4 or 4.5: Was an appropriate 
analysis used to estimate the effect of starting and 
adhering to the intervention? 

 NA / Y / PY / PN / N / NI 

Risk of bias judgement  Low 

Optional: What is the predicted direction of bias due 
to deviations from the intended interventions? 

 Unpredictable 
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Bias due to missing data 

 5.1 Were outcome data available for all, or nearly all, 
participants? 

 Y 

5.2 Were participants excluded due to missing data 
on intervention status? 

  
N 

5.3 Were participants excluded due to missing data 
on other variables needed for the analysis? 

  
N 

5.4 If PN/N to 5.1, or Y/PY to 5.2 or 5.3: Are the 
proportion of participants and reasons for missing 
data similar across interventions? 

 NA 

5.5 If PN/N to 5.1, or Y/PY to 5.2 or 5.3: Is there 
evidence that results were robust to the presence of 
missing data? 

 NA 

Risk of bias judgement  Low 

Optional: What is the predicted direction of bias due 
to missing data? 

 Unpredictable 

 

Bias in measurement of outcomes  
 6.1 Could the outcome measure have been 

influenced by knowledge of the intervention 
received? 

 N 

6.2 Were outcome assessors aware of the 
intervention received by study participants? 

 PY 

6.3 Were the methods of outcome assessment 
comparable across intervention groups? 

 Y 

6.4 Were any systematic errors in measurement of 
the outcome related to intervention received? 

 PN 

Risk of bias judgement  Moderate 

Optional: What is the predicted direction of bias due 
to measurement of outcomes? 

 Unpredictable 
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Bias in selection of the reported result 

 Is the reported effect estimate likely to be selected, 
on the basis of the results, from... 

  

7.1. ... multiple outcome measurements within the 
outcome domain?  

 N 

7.2 ... multiple analyses of the intervention-outcome 
relationship? 

 PN 

7.3 ... different subgroups?  PN 

Risk of bias judgement  Low 

Optional: What is the predicted direction of bias due 
to selection of the reported result? 

 Unpredictable 

 

Overall bias 

 Risk of bias judgement  Serious 

Optional: What is the overall predicted direction of 
bias for this outcome? 

 Unpredictable 
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The Risk Of Bias In Non-randomized Studies – of Interventions (ROBINS-I) assessment tool  
(version for cohort-type studies) 
Version 19 September 2016 

 

 
This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License. 

 

Laghlam et al., 2022 

ROBINS-I tool (Stage I): At protocol stage  

Specify the review question  

Participants Patients with acute hypoxemic respiratory failure receiving veno-venous extracorporeal membrane oxygenation 

Experimental intervention Prone positioning 

Comparator No prone positioning 

Outcomes 28-day mortality 

 

List the confounding domains relevant to all or most studies 

Patients’ characteristics, etiology of acute hypoxemic respiratory failure, severity of acute hypoxemic respiratory failure, large-volume (>20 cases annually) vs. low-volume 
(≤20 cases annually) extracorporeal membrane oxygenation centers; number of proning cycles 

List co-interventions that could be different between intervention groups and that could impact on outcomes 

Steroids, antibiotics, fluid therapy, mechanical ventilation settings, extracorporeal membrane oxygenation settings 
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ROBINS-I tool (Stage II): For each study 

Specify a target randomized trial specific to the study 

Design Individually randomized 

Participants Patients with acute hypoxemic respiratory failure receiving veno-venous extracorporeal membrane oxygenation 

Experimental intervention Prone positioning 

Comparator No prone positioning 

 

Is your aim for this study…? 

X to assess the effect of assignment to intervention 

 to assess the effect of starting and adhering to intervention 

 

Specify the outcome 

Specify which outcome is being assessed for risk of bias (typically from among those earmarked for the Summary of Findings table). Specify whether this is a proposed benefit 
or harm of intervention. 

28-day mortality. Prone positioning is hypothesized to reduce 28-day mortality. Twenty-eight-day mortality was not analyzed in the original study. 

 

Specify the numerical result being assessed 

In case of multiple alternative analyses being presented, specify the numeric result (e.g. RR = 1.52 (95% CI 0.83 to 2.77) and/or a reference (e.g. to a table, figure or paragraph) 
that uniquely defines the result being assessed. 

Absolute frequency of 28-day mortality (Table 1) 
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Preliminary consideration of confounders 

Complete a row for each important confounding domain (i) listed in the review protocol; and (ii) relevant to the setting of this particular study, or which the study authors 
identified as potentially important. 

“Important” confounding domains are those for which, in the context of this study, adjustment is expected to lead to a clinically important change in the estimated effect of the 
intervention. “Validity” refers to whether the confounding variable or variables fully measure the domain, while “reliability” refers to the precision of the measurement (more 
measurement error means less reliability). 

(i) Confounding domains listed in the review protocol 

Confounding domain Measured variable(s)  Is there evidence that 
controlling for this variable was 
unnecessary?* 

Is the confounding domain 
measured validly and reliably by 
this variable (or these 
variables)? 

OPTIONAL: Is failure to adjust for 
this variable (alone) expected to 
favour the experimental 
intervention or the comparator? 

Patients’ characteristics 
Age, gender, comorbidities, 

severity of critical illness 
No Yes No information 

Etiology of acute hypoxemic 
respiratory failure 

Etiology of acute hypoxemic 
respiratory failure 

No  
 

Severity of acute hypoxemic 
respiratory failure 

Arterial partial pressure of 
oxygen to fraction of inspired 

oxygen ratio 
No  

 

Large-volume (>20 cases 
annually) vs. low-volume (≤20 
cases annually) extracorporeal 

membrane oxygenation 
centers 

Number of extracorporeal 
membrane oxygenation case per 

year 
No  

 

Number of proning cycles 
before cannulation 

Number of proning cycles No  
 

 

(ii) Additional confounding domains relevant to the setting of this particular study, or which the study authors identified as important 

Confounding domain Measured variable(s)  Is there evidence that 
controlling for this variable was 
unnecessary?* 

Is the confounding domain 
measured validly and reliably by 
this variable (or these 
variables)? 

OPTIONAL: Is failure to adjust for 
this variable (alone) expected to 
favour the experimental 
intervention or the comparator? 
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None 
  

  

* In the context of a particular study, variables can be demonstrated not to be confounders and so not included in the analysis: (a) if they are not predictive of the outcome; (b) if they are not predictive of intervention; or (c) because 
adjustment makes no or minimal difference to the estimated effect of the primary parameter. Note that “no statistically significant association” is not the same as “not predictive”.  
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Preliminary consideration of co-interventions 

Complete a row for each important co-intervention (i) listed in the review protocol; and (ii) relevant to the setting of this particular study, or which the study authors identified 
as important. 

“Important” co-interventions are those for which, in the context of this study, adjustment is expected to lead to a clinically important change in the estimated effect of the 
intervention. 

(i) Co-interventions listed in the review protocol 

Co-intervention Is there evidence that controlling for this co-intervention 
was unnecessary (e.g. because it was not administered)? 

Is presence of this co-intervention likely to favour 
outcomes in the experimental intervention or the 
comparator 

No important co-interventions were listed in the review 
protocol 

 
 

 

(ii) Additional co-interventions relevant to the setting of this particular study, or which the study authors identified as important 

Co-intervention Is there evidence that controlling for this co-intervention 
was unnecessary (e.g. because it was not administered)? 

Is presence of this co-intervention likely to favour 
outcomes in the experimental intervention or the 
comparator 

Steroids No No information 

Antibiotics No No information 

Fluid therapy No No information 

Mechanical ventilation settings No No information 

Extracorporeal membrane oxygenation settings No No information 
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Risk of bias assessment  

Responses underlined in green are potential markers for low risk of bias, and responses in red are potential markers for a risk of bias. Where questions relate only to sign 
posts to other questions, no formatting is used. 

 Signalling questions Description Response options 

Bias due to confounding 

 1.1 Is there potential for confounding of the effect of 
intervention in this study? 

If N/PN to 1.1: the study can be considered to be at low 
risk of bias due to confounding and no further signalling 
questions need be considered 

Although the prone positioning and no prone positioning groups were 
similar according to reported baseline characteristics, we cannot 
exclude the presence of unmeasured confounders. 

PY 

If Y/PY to 1.1: determine whether there is a need to 
assess time-varying confounding: 

  

1.2. Was the analysis based on splitting participants’ 
follow up time according to intervention received? 

If N/PN, answer questions relating to baseline 
confounding (1.4 to 1.6)  

If Y/PY, go to question 1.3. 

 N 

1.3. Were intervention discontinuations or switches 
likely to be related to factors that are prognostic for 
the outcome? 

If N/PN, answer questions relating to baseline 
confounding (1.4 to 1.6) 

If Y/PY, answer questions relating to both 
baseline and time-varying confounding (1.7 and 
1.8)  

 NA 
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 Questions relating to baseline confounding only 

1.4. Did the authors use an appropriate analysis 
method that controlled for all the important 
confounding domains? 

 N 

1.5. If Y/PY to 1.4: Were confounding domains that 
were controlled for measured validly and reliably by 
the variables available in this study? 

 NA 

1.6. Did the authors control for any post-
intervention variables that could have been affected 
by the intervention? 

 N 

 Questions relating to baseline and time-varying confounding  

1.7. Did the authors use an appropriate analysis 
method that controlled for all the important 
confounding domains and for time-varying 
confounding? 

 NA 

1.8. If Y/PY to 1.7: Were confounding domains that 
were controlled for measured validly and reliably by 
the variables available in this study? 

 NA 

 Risk of bias judgement  Serious 

Optional: What is the predicted direction of bias due to 
confounding? 

 Unpredictable 
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Bias in selection of participants into the study 

 2.1. Was selection of participants into the study (or into 
the analysis) based on participant characteristics 
observed after the start of intervention? 

If N/PN to 2.1: go to 2.4 

Citation: “We included all consecutive patients under mechanical 
ventilation with the following inclusion criteria [...].” 

N 

2.2. If Y/PY to 2.1: Were the post-intervention 
variables that influenced selection likely to be 
associated with intervention? 

2.3 If Y/PY to 2.2:  Were the post-intervention 
variables that influenced selection likely to be 
influenced by the outcome or a cause of the 
outcome? 

 NA 
 
 

NA 
 

2.4. Do start of follow-up and start of intervention 
coincide for most participants? 

 Y 

2.5. If Y/PY to 2.2 and 2.3, or N/PN to 2.4: Were 
adjustment techniques used that are likely to correct for 
the presence of selection biases? 

 NA 

Risk of bias judgement  Low 

Optional: What is the predicted direction of bias due to 
selection of participants into the study? 

 Unpredictable 

 

Bias in classification of interventions  

 3.1 Were intervention groups clearly defined?  No clear definition of the intervention groups. However, the assignment to 
the two groups is  

N 

3.2 Was the information used to define intervention 
groups recorded at the start of the intervention? 

 Y 

3.3 Could classification of intervention status have 
been affected by knowledge of the outcome or risk 
of the outcome? 

 N 

Risk of bias judgement  Low 

Optional: What is the predicted direction of bias due 
to classification of interventions? 

 Unpredictable 
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Bias due to deviations from intended interventions 

 If your aim for this study is to assess the effect of assignment to intervention, answer questions 4.1 and 4.2  

4.1. Were there deviations from the intended 
intervention beyond what would be expected in 
usual practice? 

 PN 

4.2. If Y/PY to 4.1: Were these deviations from 
intended intervention unbalanced between groups 
and likely to have affected the outcome? 

 NA 

If your aim for this study is to assess the effect of starting and adhering to intervention, answer questions 4.3 to 4.6  

4.3. Were important co-interventions balanced 
across intervention groups? 

 Y / PY / PN / N / NI 

4.4. Was the intervention implemented successfully 
for most participants? 

 Y / PY / PN / N / NI 

4.5. Did study participants adhere to the assigned 
intervention regimen? 

 Y / PY / PN / N / NI 

4.6. If N/PN to 4.3, 4.4 or 4.5: Was an appropriate 
analysis used to estimate the effect of starting and 
adhering to the intervention? 

 NA / Y / PY / PN / N / NI 

Risk of bias judgement  Low 

Optional: What is the predicted direction of bias due 
to deviations from the intended interventions? 

 Unpredictable 
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Bias due to missing data 

 5.1 Were outcome data available for all, or nearly all, 
participants? 

 Y 

5.2 Were participants excluded due to missing data 
on intervention status? 

  
N  

5.3 Were participants excluded due to missing data 
on other variables needed for the analysis? 

  
N 

5.4 If PN/N to 5.1, or Y/PY to 5.2 or 5.3: Are the 
proportion of participants and reasons for missing 
data similar across interventions? 

 NA 

5.5 If PN/N to 5.1, or Y/PY to 5.2 or 5.3: Is there 
evidence that results were robust to the presence of 
missing data? 

 NA 

Risk of bias judgement  Low 

Optional: What is the predicted direction of bias due 
to missing data? 

 Unpredictable 

 

Bias in measurement of outcomes  
 6.1 Could the outcome measure have been 

influenced by knowledge of the intervention 
received? 

 N 

6.2 Were outcome assessors aware of the 
intervention received by study participants? 

 PY 

6.3 Were the methods of outcome assessment 
comparable across intervention groups? 

 Y 

6.4 Were any systematic errors in measurement of 
the outcome related to intervention received? 

 N 

Risk of bias judgement  Moderate 

Optional: What is the predicted direction of bias due 
to measurement of outcomes? 

 Unpredictable 
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Bias in selection of the reported result 

 Is the reported effect estimate likely to be selected, 
on the basis of the results, from... 

  

7.1. ... multiple outcome measurements within the 
outcome domain?  

 N 

7.2 ... multiple analyses of the intervention-outcome 
relationship? 

 PN 

7.3 ... different subgroups?  PN 

Risk of bias judgement  Low 

Optional: What is the predicted direction of bias due 
to selection of the reported result? 

 Unpredictable 

 

Overall bias 

 Risk of bias judgement  Serious 

Optional: What is the overall predicted direction of 
bias for this outcome? 

 Unpredictable 
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The Risk Of Bias In Non-randomized Studies – of Interventions (ROBINS-I) assessment tool  
(version for cohort-type studies) 
Version 19 September 2016 

 

 
This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License. 

 

Martines Martines at al., 2021 

ROBINS-I tool (Stage I): At protocol stage  

Specify the review question  

Participants Patients with acute hypoxemic respiratory failure receiving veno-venous extracorporeal membrane oxygenation 

Experimental intervention Prone positioning 

Comparator No prone positioning 

Outcomes 28-day mortality 

 

List the confounding domains relevant to all or most studies 

Patients’ characteristics, etiology of acute hypoxemic respiratory failure, severity of acute hypoxemic respiratory failure, large-volume (>20 cases annually) vs. low-volume 
(≤20 cases annually) extracorporeal membrane oxygenation centers; number of proning cycles 

List co-interventions that could be different between intervention groups and that could impact on outcomes 

Steroids, antibiotics, fluid therapy, mechanical ventilation settings, extracorporeal membrane oxygenation settings 
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ROBINS-I tool (Stage II): For each study 

Specify a target randomized trial specific to the study 

Design Individually randomized 

Participants Patients with acute hypoxemic respiratory failure receiving veno-venous extracorporeal membrane oxygenation 

Experimental intervention Prone positioning 

Comparator No prone positioning 

 

Is your aim for this study…? 

X to assess the effect of assignment to intervention 

 to assess the effect of starting and adhering to intervention 

 

Specify the outcome 

Specify which outcome is being assessed for risk of bias (typically from among those earmarked for the Summary of Findings table). Specify whether this is a proposed benefit 
or harm of intervention. 

6-month mortality. Prone positioning is hypothesized to reduce 6-month mortality. Twenty-eight-day mortality was not analyzed in the original study. 

 

Specify the numerical result being assessed 

In case of multiple alternative analyses being presented, specify the numeric result (e.g. RR = 1.52 (95% CI 0.83 to 2.77) and/or a reference (e.g. to a table, figure or paragraph) 
that uniquely defines the result being assessed. 

Absolute frequency of 6-month mortality (Table) 
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Preliminary consideration of confounders 

Complete a row for each important confounding domain (i) listed in the review protocol; and (ii) relevant to the setting of this particular study, or which the study authors 
identified as potentially important. 

“Important” confounding domains are those for which, in the context of this study, adjustment is expected to lead to a clinically important change in the estimated effect of the 
intervention. “Validity” refers to whether the confounding variable or variables fully measure the domain, while “reliability” refers to the precision of the measurement (more 
measurement error means less reliability). 

(i) Confounding domains listed in the review protocol 

Confounding domain Measured variable(s)  Is there evidence that 
controlling for this variable was 
unnecessary?* 

Is the confounding domain 
measured validly and reliably by 
this variable (or these 
variables)? 

OPTIONAL: Is failure to adjust for 
this variable (alone) expected to 
favour the experimental 
intervention or the comparator? 

Patients’ characteristics 
Age, gender, comorbidities, 

severity of critical illness 
No Yes No information 

Etiology of acute hypoxemic 
respiratory failure 

Etiology of acute hypoxemic 
respiratory failure 

No  
 

Severity of acute hypoxemic 
respiratory failure 

Arterial partial pressure of 
oxygen to fraction of inspired 

oxygen ratio 
No  

 

Large-volume (>20 cases 
annually) vs. low-volume (≤20 
cases annually) extracorporeal 

membrane oxygenation 
centers 

Number of extracorporeal 
membrane oxygenation case per 

year 
No  

 

Number of proning cycles 
before cannulation 

Number of proning cycles No  
 

 

(ii) Additional confounding domains relevant to the setting of this particular study, or which the study authors identified as important 

Confounding domain Measured variable(s)  Is there evidence that 
controlling for this variable was 
unnecessary?* 

Is the confounding domain 
measured validly and reliably by 
this variable (or these 
variables)? 

OPTIONAL: Is failure to adjust for 
this variable (alone) expected to 
favour the experimental 
intervention or the comparator? 
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None 
  

  

* In the context of a particular study, variables can be demonstrated not to be confounders and so not included in the analysis: (a) if they are not predictive of the outcome; (b) if they are not predictive of intervention; or (c) because 
adjustment makes no or minimal difference to the estimated effect of the primary parameter. Note that “no statistically significant association” is not the same as “not predictive”.  
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Preliminary consideration of co-interventions 

Complete a row for each important co-intervention (i) listed in the review protocol; and (ii) relevant to the setting of this particular study, or which the study authors identified 
as important. 

“Important” co-interventions are those for which, in the context of this study, adjustment is expected to lead to a clinically important change in the estimated effect of the 
intervention. 

(i) Co-interventions listed in the review protocol 

Co-intervention Is there evidence that controlling for this co-intervention 
was unnecessary (e.g. because it was not administered)? 

Is presence of this co-intervention likely to favour 
outcomes in the experimental intervention or the 
comparator 

No important co-interventions were listed in the review 
protocol 

 
 

 

(ii) Additional co-interventions relevant to the setting of this particular study, or which the study authors identified as important 

Co-intervention Is there evidence that controlling for this co-intervention 
was unnecessary (e.g. because it was not administered)? 

Is presence of this co-intervention likely to favour 
outcomes in the experimental intervention or the 
comparator 

Steroids No No information 

Antibiotics No No information 

Fluid therapy No No information 

Mechanical ventilation settings No No information 

Extracorporeal membrane oxygenation settings No No information 
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Risk of bias assessment  

Responses underlined in green are potential markers for low risk of bias, and responses in red are potential markers for a risk of bias. Where questions relate only to sign 
posts to other questions, no formatting is used. 

 Signalling questions Description Response options 

Bias due to confounding 

 1.1 Is there potential for confounding of the effect of 
intervention in this study? 

If N/PN to 1.1: the study can be considered to be at low 
risk of bias due to confounding and no further signalling 
questions need be considered 

Although the prone positioning and no prone positioning groups were 
similar according to reported baseline characteristics, we cannot 
exclude the presence of unmeasured confounders. 

PY 

If Y/PY to 1.1: determine whether there is a need to 
assess time-varying confounding: 

  

1.2. Was the analysis based on splitting participants’ 
follow up time according to intervention received? 

If N/PN, answer questions relating to baseline 
confounding (1.4 to 1.6)  

If Y/PY, go to question 1.3. 

 N 

1.3. Were intervention discontinuations or switches 
likely to be related to factors that are prognostic for 
the outcome? 

If N/PN, answer questions relating to baseline 
confounding (1.4 to 1.6) 

If Y/PY, answer questions relating to both 
baseline and time-varying confounding (1.7 and 
1.8)  

 NA 
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 Questions relating to baseline confounding only 

1.4. Did the authors use an appropriate analysis 
method that controlled for all the important 
confounding domains? 

 N 

1.5. If Y/PY to 1.4: Were confounding domains that 
were controlled for measured validly and reliably by 
the variables available in this study? 

 NA 

1.6. Did the authors control for any post-
intervention variables that could have been affected 
by the intervention? 

 N 

 Questions relating to baseline and time-varying confounding  

1.7. Did the authors use an appropriate analysis 
method that controlled for all the important 
confounding domains and for time-varying 
confounding? 

 NA 

1.8. If Y/PY to 1.7: Were confounding domains that 
were controlled for measured validly and reliably by 
the variables available in this study? 

 NA 

 Risk of bias judgement  Serious 

Optional: What is the predicted direction of bias due to 
confounding? 

 Unpredictable 
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Bias in selection of participants into the study 

 2.1. Was selection of participants into the study (or into 
the analysis) based on participant characteristics 
observed after the start of intervention? 

If N/PN to 2.1: go to 2.4 

Citation: “All adult (>18 years old) COVID-19 patients requiring 
extracorporeal respiratory support between 1st March and 1st 
December 2020 were included.” 

N 

2.2. If Y/PY to 2.1: Were the post-intervention 
variables that influenced selection likely to be 
associated with intervention? 

2.3 If Y/PY to 2.2:  Were the post-intervention 
variables that influenced selection likely to be 
influenced by the outcome or a cause of the 
outcome? 

 NA 
 
 

NA 
 

2.4. Do start of follow-up and start of intervention 
coincide for most participants? 

 Y 

2.5. If Y/PY to 2.2 and 2.3, or N/PN to 2.4: Were 
adjustment techniques used that are likely to correct for 
the presence of selection biases? 

 NA 

Risk of bias judgement  Low 

Optional: What is the predicted direction of bias due to 
selection of participants into the study? 

 Unpredictable 

 

Bias in classification of interventions  

 3.1 Were intervention groups clearly defined?  No clear definition of the intervention groups. However, the assignment to 
the two groups is  

N 

3.2 Was the information used to define intervention 
groups recorded at the start of the intervention? 

 Y 

3.3 Could classification of intervention status have 
been affected by knowledge of the outcome or risk 
of the outcome? 

 N 

Risk of bias judgement  Low 

Optional: What is the predicted direction of bias due 
to classification of interventions? 

 Unpredictable 
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Bias due to deviations from intended interventions 

 If your aim for this study is to assess the effect of assignment to intervention, answer questions 4.1 and 4.2  

4.1. Were there deviations from the intended 
intervention beyond what would be expected in 
usual practice? 

 NI 

4.2. If Y/PY to 4.1: Were these deviations from 
intended intervention unbalanced between groups 
and likely to have affected the outcome? 

 NA 

If your aim for this study is to assess the effect of starting and adhering to intervention, answer questions 4.3 to 4.6  

4.3. Were important co-interventions balanced 
across intervention groups? 

 Y / PY / PN / N / NI 

4.4. Was the intervention implemented successfully 
for most participants? 

 Y / PY / PN / N / NI 

4.5. Did study participants adhere to the assigned 
intervention regimen? 

 Y / PY / PN / N / NI 

4.6. If N/PN to 4.3, 4.4 or 4.5: Was an appropriate 
analysis used to estimate the effect of starting and 
adhering to the intervention? 

 NA / Y / PY / PN / N / NI 

Risk of bias judgement  Moderate 

Optional: What is the predicted direction of bias due 
to deviations from the intended interventions? 

 Unpredictable 
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Bias due to missing data 

 5.1 Were outcome data available for all, or nearly all, 
participants? 

 Y 

5.2 Were participants excluded due to missing data 
on intervention status? 

  
N  

5.3 Were participants excluded due to missing data 
on other variables needed for the analysis? 

  
N 

5.4 If PN/N to 5.1, or Y/PY to 5.2 or 5.3: Are the 
proportion of participants and reasons for missing 
data similar across interventions? 

 NA 

5.5 If PN/N to 5.1, or Y/PY to 5.2 or 5.3: Is there 
evidence that results were robust to the presence of 
missing data? 

 NA 

Risk of bias judgement  Low 

Optional: What is the predicted direction of bias due 
to missing data? 

 Unpredictable 

 

Bias in measurement of outcomes  
 6.1 Could the outcome measure have been 

influenced by knowledge of the intervention 
received? 

 N 

6.2 Were outcome assessors aware of the 
intervention received by study participants? 

 PY 

6.3 Were the methods of outcome assessment 
comparable across intervention groups? 

 Y 

6.4 Were any systematic errors in measurement of 
the outcome related to intervention received? 

 N 

Risk of bias judgement  Moderate 

Optional: What is the predicted direction of bias due 
to measurement of outcomes? 

 Unpredictable 

 

149



11 
 

Bias in selection of the reported result 

 Is the reported effect estimate likely to be selected, 
on the basis of the results, from... 

  

7.1. ... multiple outcome measurements within the 
outcome domain?  

 N 

7.2 ... multiple analyses of the intervention-outcome 
relationship? 

 PN 

7.3 ... different subgroups?  PN 

Risk of bias judgement  Low 

Optional: What is the predicted direction of bias due 
to selection of the reported result? 

 Unpredictable 

 

Overall bias 

 Risk of bias judgement  Serious 

Optional: What is the overall predicted direction of 
bias for this outcome? 

 Unpredictable 
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The Risk Of Bias In Non-randomized Studies – of Interventions (ROBINS-I) assessment tool  
(version for cohort-type studies) 
Version 19 September 2016 

 

 
This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License. 

 

COVID-ICU, 2021 

ROBINS-I tool (Stage I): At protocol stage  

Specify the review question  

Participants Patients with acute hypoxemic respiratory failure receiving veno-venous extracorporeal membrane oxygenation 

Experimental intervention Prone positioning 

Comparator No prone positioning 

Outcomes 28-day mortality 

 

List the confounding domains relevant to all or most studies 

Patients’ characteristics, etiology of acute hypoxemic respiratory failure, severity of acute hypoxemic respiratory failure, large-volume (>20 cases annually) vs. low-volume 
(≤20 cases annually) extracorporeal membrane oxygenation centers; number of proning cycles 

List co-interventions that could be different between intervention groups and that could impact on outcomes 

Steroids, antibiotics, fluid therapy, mechanical ventilation settings, extracorporeal membrane oxygenation settings 
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ROBINS-I tool (Stage II): For each study 

Specify a target randomized trial specific to the study 

Design Individually randomized 

Participants Patients with acute hypoxemic respiratory failure receiving veno-venous extracorporeal membrane oxygenation 

Experimental intervention Prone positioning 

Comparator No prone positioning 

 

Is your aim for this study…? 

X to assess the effect of assignment to intervention 

 to assess the effect of starting and adhering to intervention 

 

Specify the outcome 

Specify which outcome is being assessed for risk of bias (typically from among those earmarked for the Summary of Findings table). Specify whether this is a proposed benefit 

or harm of intervention. 

28-day mortality. Prone positioning is hypothesized to reduce 28-day mortality. 

 

Specify the numerical result being assessed 

In case of multiple alternative analyses being presented, specify the numeric result (e.g. RR = 1.52 (95% CI 0.83 to 2.77) and/or a reference (e.g. to a table, figure or paragraph) 
that uniquely defines the result being assessed. 

Absolute frequency of 28-day mortality in Figure 2A in Papazian L, Schmidt M, Hajage D, Combes A, Petit M, Lebreton G, Rilinger J, Giani M, Le Breton C, Duburcq T, Jozwiak 
M, Wengenmayer T, Roux D, Parke R, Loundou A, Guervilly C, Boyer L. Effect of prone positioning on survival in adult patients receiving venovenous extracorporeal 
membrane oxygenation for acute respiratory distress syndrome: a systematic review and meta-analysis. Intensive Care Med. 2022 Mar;48(3):270-280. doi: 10.1007/s00134-
021-06604-x. Epub 2022 Jan 17. PMID: 35037993; PMCID: PMC8762989. 
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Preliminary consideration of confounders 

Complete a row for each important confounding domain (i) listed in the review protocol; and (ii) relevant to the setting of this particular study, or which the study authors 

identified as potentially important. 

“Important” confounding domains are those for which, in the context of this study, adjustment is expected to lead to a clinically important change in the estimated effect of the 
intervention. “Validity” refers to whether the confounding variable or variables fully measure the domain, while “reliability” refers to the precision of the measurement (more 
measurement error means less reliability). 

(i) Confounding domains listed in the review protocol 

Confounding domain Measured variable(s)  Is there evidence that 
controlling for this variable was 
unnecessary?* 

Is the confounding domain 
measured validly and reliably by 
this variable (or these 
variables)? 

OPTIONAL: Is failure to adjust for 
this variable (alone) expected to 
favour the experimental 
intervention or the comparator? 

Patients’ characteristics 
Age, gender, comorbidities, 

severity of critical illness 
No Yes No information 

Etiology of acute hypoxemic 
respiratory failure 

Etiology of acute hypoxemic 
respiratory failure 

No  
 

Severity of acute hypoxemic 
respiratory failure 

Arterial partial pressure of 
oxygen to fraction of inspired 

oxygen ratio 
No  

 

Large-volume (>20 cases 
annually) vs. low-volume (≤20 
cases annually) extracorporeal 

membrane oxygenation 
centers 

Number of extracorporeal 
membrane oxygenation case per 

year 
No  

 

Number of proning cycles 
before cannulation 

Number of proning cycles No  
 

 

(ii) Additional confounding domains relevant to the setting of this particular study, or which the study authors identified as important 

Confounding domain Measured variable(s)  Is there evidence that 
controlling for this variable was 
unnecessary?* 

Is the confounding domain 
measured validly and reliably by 
this variable (or these 
variables)? 

OPTIONAL: Is failure to adjust for 
this variable (alone) expected to 
favour the experimental 
intervention or the comparator? 
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None 
  

  

* In the context of a particular study, variables can be demonstrated not to be confounders and so not included in the analysis: (a) if they are not predictive of the outcome; (b) if they are not pre dictive of intervention; or (c) because 
adjustment makes no or minimal difference to the estimated effect of the primary parameter.  Note that “no statistically significant association” is not the same as “not predictive”.  
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Preliminary consideration of co-interventions 

Complete a row for each important co-intervention (i) listed in the review protocol; and (ii) relevant to the setting of this particular study, or which the study authors identified 

as important. 

“Important” co-interventions are those for which, in the context of this study, adjustment is expected to lead to a clinically important change in the estimated effect of the 
intervention. 

(i) Co-interventions listed in the review protocol 

Co-intervention Is there evidence that controlling for this co-intervention 
was unnecessary (e.g. because it was not administered)? 

Is presence of this co-intervention likely to favour 
outcomes in the experimental intervention or the 
comparator 

No important co-interventions were listed in the review 
protocol 

 
 

 

(ii) Additional co-interventions relevant to the setting of this particular study, or which the study authors identified as important 

Co-intervention Is there evidence that controlling for this co-intervention 
was unnecessary (e.g. because it was not administered)? 

Is presence of this co-intervention likely to favour 
outcomes in the experimental intervention or the 
comparator 

Steroids No No information 

Antibiotics No No information 

Fluid therapy No No information 

Mechanical ventilation settings No No information 

Extracorporeal membrane oxygenation settings No No information 
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Risk of bias assessment  

Responses underlined in green are potential markers for low risk of bias, and responses in red are potential markers for a risk of bias. Where questions relate only to sign 

posts to other questions, no formatting is used. 

 Signalling questions Description Response options 

Bias due to confounding 
 1.1 Is there potential for confounding of the effect of 

intervention in this study? 

If N/PN to 1.1: the study can be considered to be at low 
risk of bias due to confounding and no further signalling 
questions need be considered 

The experimental and control subgroups were not compared in the 
original study. The corresponding authors did not respond to our 
requests. Therefore, the outcome data were derived from a previous 
meta-analysis (doi: 10.1007/s00134-021-06604-x). However, the 
baseline characteristics of the subgroups were not described. 

PY 

If Y/PY to 1.1: determine whether there is a need to 
assess time-varying confounding: 

  

1.2. Was the analysis based on splitting participants’ 
follow up time according to intervention received? 

If N/PN, answer questions relating to baseline 
confounding (1.4 to 1.6)  

If Y/PY, go to question 1.3. 

 N 

1.3. Were intervention discontinuations or switches 
likely to be related to factors that are prognostic for 
the outcome? 

If N/PN, answer questions relating to baseline 
confounding (1.4 to 1.6) 

If Y/PY, answer questions relating to both 
baseline and time-varying confounding (1.7 and 

1.8)  

 NA 
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 Questions relating to baseline confounding only 
1.4. Did the authors use an appropriate analysis 
method that controlled for all the important 
confounding domains? 

 PN 

1.5. If Y/PY to 1.4: Were confounding domains that 
were controlled for measured validly and reliably by 

the variables available in this study? 

 NA 

1.6. Did the authors control for any post-
intervention variables that could have been affected 
by the intervention? 

 NI 

 Questions relating to baseline and time-varying confounding  

1.7. Did the authors use an appropriate analysis 
method that controlled for all the important 
confounding domains and for time-varying 
confounding? 

 NA 

1.8. If Y/PY to 1.7: Were confounding domains that 
were controlled for measured validly and reliably by 
the variables available in this study? 

 NA 

 Risk of bias judgement  Serious 

Optional: What is the predicted direction of bias due to 
confounding? 

 Unpredictable 
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Bias in selection of participants into the study 

 2.1. Was selection of participants into the study (or into 
the analysis) based on participant characteristics 
observed after the start of intervention? 

If N/PN to 2.1: go to 2.4 

Citation: “All consecutive patients over 16 years of age admitted to the 
participating ICU between February 25, 2020, and May 4, 2020, with 
laboratory-confirmed severe acute respiratory syndrome coronavirus 2 
(SARS-CoV-2) infection were included.” 

N 

2.2. If Y/PY to 2.1: Were the post-intervention 
variables that influenced selection likely to be 
associated with intervention? 

2.3 If Y/PY to 2.2:  Were the post-intervention 
variables that influenced selection likely to be 
influenced by the outcome or a cause of the 
outcome? 

 NA 
 
 

NA 
 

2.4. Do start of follow-up and start of intervention 
coincide for most participants? 

 Y 

2.5. If Y/PY to 2.2 and 2.3, or N/PN to 2.4: Were 
adjustment techniques used that are likely to correct for 
the presence of selection biases? 

 NA 

Risk of bias judgement  Low 

Optional: What is the predicted direction of bias due to 
selection of participants into the study? 

 Unpredictable 

 

Bias in classification of interventions  
 3.1 Were intervention groups clearly defined?  The intervention groups were not defined in the study methods, as 

participants were not analyzed according to the prone positioning vs. no 
prone positioning characteristic. 

N 

3.2 Was the information used to define intervention 
groups recorded at the start of the intervention? 

 NI 

3.3 Could classification of intervention status have 
been affected by knowledge of the outcome or risk 
of the outcome? 

 PN 

Risk of bias judgement  Moderate 

Optional: What is the predicted direction of bias due 
to classification of interventions? 

 Unpredictable 
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Bias due to deviations from intended interventions 

 If your aim for this study is to assess the effect of assignment to intervention, answer questions 4.1 and 4.2  

4.1. Were there deviations from the intended 
intervention beyond what would be expected in 
usual practice? 

 NI 

4.2. If Y/PY to 4.1: Were these deviations from 
intended intervention unbalanced between groups 
and likely to have affected the outcome? 

 NA 

If your aim for this study is to assess the effect of starting and adhering to intervention, answer questions 4.3 to 4.6  

4.3. Were important co-interventions balanced 
across intervention groups? 

 Y / PY / PN / N / NI 

4.4. Was the intervention implemented successfully 
for most participants? 

 Y / PY / PN / N / NI 

4.5. Did study participants adhere to the assigned 
intervention regimen? 

 Y / PY / PN / N / NI 

4.6. If N/PN to 4.3, 4.4 or 4.5: Was an appropriate 
analysis used to estimate the effect of starting and 

adhering to the intervention? 

 NA / Y / PY / PN / N / NI 

Risk of bias judgement  Moderate 
Optional: What is the predicted direction of bias due 
to deviations from the intended interventions? 

 Unpredictable 
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Bias due to missing data 

 5.1 Were outcome data available for all, or nearly all, 
participants? 

According to figure S1 and S2, data on vital status were complete. Y 

5.2 Were participants excluded due to missing data 
on intervention status? 

 NI 

5.3 Were participants excluded due to missing data 
on other variables needed for the analysis? 

  
PN 

5.4 If PN/N to 5.1, or Y/PY to 5.2 or 5.3: Are the 
proportion of participants and reasons for missing 

data similar across interventions? 

 NA 

5.5 If PN/N to 5.1, or Y/PY to 5.2 or 5.3: Is there 
evidence that results were robust to the presence of 
missing data? 

 NA 

Risk of bias judgement  Low 

Optional: What is the predicted direction of bias due 
to missing data? 

 Unpredictable 

 

Bias in measurement of outcomes  

 6.1 Could the outcome measure have been 
influenced by knowledge of the intervention 
received? 

 N 

6.2 Were outcome assessors aware of the 
intervention received by study participants? 

 PY 

6.3 Were the methods of outcome assessment 

comparable across intervention groups? 
 Y 

6.4 Were any systematic errors in measurement of 
the outcome related to intervention received? 

 N 

Risk of bias judgement  Moderate 

Optional: What is the predicted direction of bias due 
to measurement of outcomes? 

 Unpredictable 
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Bias in selection of the reported result 

 Is the reported effect estimate likely to be selected, 

on the basis of the results, from... 
  

7.1. ... multiple outcome measurements within the 
outcome domain?  

 N 

7.2 ... multiple analyses of the intervention-outcome 
relationship? 

 PN 

7.3 ... different subgroups?  PN 

Risk of bias judgement  Low 

Optional: What is the predicted direction of bias due 
to selection of the reported result? 

 Unpredictable 

 

Overall bias 

 Risk of bias judgement  Serious 
Optional: What is the overall predicted direction of 
bias for this outcome? 

 Unpredictable 
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The Risk Of Bias In Non-randomized Studies – of Interventions (ROBINS-I) assessment tool  
(version for cohort-type studies) 
Version 19 September 2016 

 

 
This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License. 

 

Cheng et al., 2021 

ROBINS-I tool (Stage I): At protocol stage  

Specify the review question  

Participants Patients with acute hypoxemic respiratory failure receiving veno-venous extracorporeal membrane oxygenation 

Experimental intervention Prone positioning 

Comparator No prone positioning 

Outcomes 28-day mortality 

 

List the confounding domains relevant to all or most studies 

Patients’ characteristics, etiology of acute hypoxemic respiratory failure, severity of acute hypoxemic respiratory failure, large-volume (>20 cases annually) vs. low-volume 
(≤20 cases annually) extracorporeal membrane oxygenation centers; number of proning cycles 

List co-interventions that could be different between intervention groups and that could impact on outcomes 

Steroids, antibiotics, fluid therapy, mechanical ventilation settings, extracorporeal membrane oxygenation settings 
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ROBINS-I tool (Stage II): For each study 

Specify a target randomized trial specific to the study 

Design Individually randomized 

Participants Patients with acute hypoxemic respiratory failure receiving veno-venous extracorporeal membrane oxygenation 

Experimental intervention Prone positioning 

Comparator No prone positioning 

 

Is your aim for this study…? 

X to assess the effect of assignment to intervention 

 to assess the effect of starting and adhering to intervention 

 

Specify the outcome 

Specify which outcome is being assessed for risk of bias (typically from among those earmarked for the Summary of Findings table). Specify whether this is a proposed benefit 
or harm of intervention. 

Hospital mortality. Prone positioning is hypothesized to reduce hospital mortality.  

 

Specify the numerical result being assessed 

In case of multiple alternative analyses being presented, specify the numeric result (e.g. RR = 1.52 (95% CI 0.83 to 2.77) and/or a reference (e.g. to a table, figure or paragraph) 
that uniquely defines the result being assessed. 

Absolute frequency of hospital mortality stratified for the prone and no-prone groups in Table 3 
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Preliminary consideration of confounders 

Complete a row for each important confounding domain (i) listed in the review protocol; and (ii) relevant to the setting of this particular study, or which the study authors 
identified as potentially important. 

“Important” confounding domains are those for which, in the context of this study, adjustment is expected to lead to a clinically important change in the estimated effect of the 
intervention. “Validity” refers to whether the confounding variable or variables fully measure the domain, while “reliability” refers to the precision of the measurement (more 
measurement error means less reliability). 

(i) Confounding domains listed in the review protocol 

Confounding domain Measured variable(s)  Is there evidence that 
controlling for this variable was 
unnecessary?* 

Is the confounding domain 
measured validly and reliably by 
this variable (or these 
variables)? 

OPTIONAL: Is failure to adjust for 
this variable (alone) expected to 
favour the experimental 
intervention or the comparator? 

Patients’ characteristics 
Age, gender, comorbidities, 

severity of critical illness 
No Yes No information 

Etiology of acute hypoxemic 
respiratory failure 

Etiology of acute hypoxemic 
respiratory failure 

No  
 

Severity of acute hypoxemic 
respiratory failure 

Arterial partial pressure of 
oxygen to fraction of inspired 

oxygen ratio 
No  

 

Large-volume (>20 cases 
annually) vs. low-volume (≤20 
cases annually) extracorporeal 

membrane oxygenation 
centers 

Number of extracorporeal 
membrane oxygenation case per 

year 
No  

 

Number of proning cycles 
before cannulation 

Number of proning cycles No  
 

 

(ii) Additional confounding domains relevant to the setting of this particular study, or which the study authors identified as important 

Confounding domain Measured variable(s)  Is there evidence that 
controlling for this variable was 
unnecessary?* 

Is the confounding domain 
measured validly and reliably by 
this variable (or these 
variables)? 

OPTIONAL: Is failure to adjust for 
this variable (alone) expected to 
favour the experimental 
intervention or the comparator? 
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None 
  

  

* In the context of a particular study, variables can be demonstrated not to be confounders and so not included in the analysis: (a) if they are not predictive of th e outcome; (b) if they are not predictive of intervention; or (c) because 
adjustment makes no or minimal difference to the estimated effect of the primary parameter. Note that “no statistically significant association” is not the same as “not predictive”.  
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Preliminary consideration of co-interventions 

Complete a row for each important co-intervention (i) listed in the review protocol; and (ii) relevant to the setting of this particular study, or which the study authors identified 
as important. 

“Important” co-interventions are those for which, in the context of this study, adjustment is expected to lead to a clinically important change in the estimated effect of the 
intervention. 

(i) Co-interventions listed in the review protocol 

Co-intervention Is there evidence that controlling for this co-intervention 
was unnecessary (e.g. because it was not administered)? 

Is presence of this co-intervention likely to favour 
outcomes in the experimental intervention or the 
comparator 

No important co-interventions were listed in the review 
protocol 

 
 

 

(ii) Additional co-interventions relevant to the setting of this particular study, or which the study authors identified as important 

Co-intervention Is there evidence that controlling for this co-intervention 
was unnecessary (e.g. because it was not administered)? 

Is presence of this co-intervention likely to favour 
outcomes in the experimental intervention or the 
comparator 

Steroids No No information 

Antibiotics No No information 

Fluid therapy No No information 

Mechanical ventilation settings No No information 

Extracorporeal membrane oxygenation settings No No information 
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Risk of bias assessment  

Responses underlined in green are potential markers for low risk of bias, and responses in red are potential markers for a risk of bias. Where questions relate only to sign 
posts to other questions, no formatting is used. 

 Signalling questions Description Response options 

Bias due to confounding 

 1.1 Is there potential for confounding of the effect of 
intervention in this study? 

If N/PN to 1.1: the study can be considered to be at low 
risk of bias due to confounding and no further signalling 
questions need be considered 

No comparison was performed between the prone and no-prone 
groups. Therefore, we hypothesize the selection bias associated with 
the decision to offer prone positioning makes the potential for 
unmeasured confounding not negligible. 

PY 

If Y/PY to 1.1: determine whether there is a need to 
assess time-varying confounding: 

  

1.2. Was the analysis based on splitting participants’ 
follow up time according to intervention received? 

If N/PN, answer questions relating to baseline 
confounding (1.4 to 1.6)  

If Y/PY, go to question 1.3. 

 N 

1.3. Were intervention discontinuations or switches 
likely to be related to factors that are prognostic for 
the outcome? 

If N/PN, answer questions relating to baseline 
confounding (1.4 to 1.6) 

If Y/PY, answer questions relating to both 
baseline and time-varying confounding (1.7 and 
1.8)  

 NA 
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 Questions relating to baseline confounding only 

1.4. Did the authors use an appropriate analysis 
method that controlled for all the important 
confounding domains? 

 N 

1.5. If Y/PY to 1.4: Were confounding domains that 
were controlled for measured validly and reliably by 
the variables available in this study? 

 NA 

1.6. Did the authors control for any post-
intervention variables that could have been affected 
by the intervention? 

 NI 

 Questions relating to baseline and time-varying confounding  

1.7. Did the authors use an appropriate analysis 
method that controlled for all the important 
confounding domains and for time-varying 
confounding? 

 NA 

1.8. If Y/PY to 1.7: Were confounding domains that 
were controlled for measured validly and reliably by 
the variables available in this study? 

 NA 

 Risk of bias judgement  Critical 

Optional: What is the predicted direction of bias due to 
confounding? 

 Unpredictable 
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Bias in selection of participants into the study 

 2.1. Was selection of participants into the study (or into 
the analysis) based on participant characteristics 
observed after the start of intervention? 

If N/PN to 2.1: go to 2.4 

Citation: “All confirmed COVID-19 patients admitted to 62 authorized 
hospitals in Wuhan from January 1, 2020, to May 1, 2020, were 
examined […] the patients who met the indications and had no 
contraindications of ECMO use were enrolled in this study.” 

N 

2.2. If Y/PY to 2.1: Were the post-intervention 
variables that influenced selection likely to be 
associated with intervention? 

2.3 If Y/PY to 2.2:  Were the post-intervention 
variables that influenced selection likely to be 
influenced by the outcome or a cause of the 
outcome? 

 NA 
 
 

NA 
 

2.4. Do start of follow-up and start of intervention 
coincide for most participants? 

 Y 

2.5. If Y/PY to 2.2 and 2.3, or N/PN to 2.4: Were 
adjustment techniques used that are likely to correct for 
the presence of selection biases? 

 NA 

Risk of bias judgement  Low 

Optional: What is the predicted direction of bias due to 
selection of participants into the study? 

 Unpredictable 

 

Bias in classification of interventions  

 3.1 Were intervention groups clearly defined?  The intervention groups were not defined in the study methods, as 
participants were not analyzed according to the prone positioning vs. no 
prone positioning characteristic. 

N 

3.2 Was the information used to define intervention 
groups recorded at the start of the intervention? 

 NI 

3.3 Could classification of intervention status have 
been affected by knowledge of the outcome or risk 
of the outcome? 

 PN 

Risk of bias judgement  Moderate 

Optional: What is the predicted direction of bias due 
to classification of interventions? 

 Unpredictable 
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Bias due to deviations from intended interventions 

 If your aim for this study is to assess the effect of assignment to intervention, answer questions 4.1 and 4.2  

4.1. Were there deviations from the intended 
intervention beyond what would be expected in 
usual practice? 

 NI 

4.2. If Y/PY to 4.1: Were these deviations from 
intended intervention unbalanced between groups 
and likely to have affected the outcome? 

 NA 

If your aim for this study is to assess the effect of starting and adhering to intervention, answer questions 4.3 to 4.6  

4.3. Were important co-interventions balanced 
across intervention groups? 

 Y / PY / PN / N / NI 

4.4. Was the intervention implemented successfully 
for most participants? 

 Y / PY / PN / N / NI 

4.5. Did study participants adhere to the assigned 
intervention regimen? 

 Y / PY / PN / N / NI 

4.6. If N/PN to 4.3, 4.4 or 4.5: Was an appropriate 
analysis used to estimate the effect of starting and 
adhering to the intervention? 

 NA / Y / PY / PN / N / NI 

Risk of bias judgement  Moderate 

Optional: What is the predicted direction of bias due 
to deviations from the intended interventions? 

 Unpredictable 
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Bias due to missing data 

 5.1 Were outcome data available for all, or nearly all, 
participants? 

 PY 

5.2 Were participants excluded due to missing data 
on intervention status? 

 NI 

5.3 Were participants excluded due to missing data 
on other variables needed for the analysis? 

  
PN 

5.4 If PN/N to 5.1, or Y/PY to 5.2 or 5.3: Are the 
proportion of participants and reasons for missing 
data similar across interventions? 

 NA 

5.5 If PN/N to 5.1, or Y/PY to 5.2 or 5.3: Is there 
evidence that results were robust to the presence of 
missing data? 

 NA 

Risk of bias judgement  Low 

Optional: What is the predicted direction of bias due 
to missing data? 

 Unpredictable 

 

Bias in measurement of outcomes  
 6.1 Could the outcome measure have been 

influenced by knowledge of the intervention 
received? 

 N 

6.2 Were outcome assessors aware of the 
intervention received by study participants? 

 PY 

6.3 Were the methods of outcome assessment 
comparable across intervention groups? 

 Y 

6.4 Were any systematic errors in measurement of 
the outcome related to intervention received? 

 N 

Risk of bias judgement  Moderate 

Optional: What is the predicted direction of bias due 
to measurement of outcomes? 

 Unpredictable 
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Bias in selection of the reported result 

 Is the reported effect estimate likely to be selected, 
on the basis of the results, from... 

  

7.1. ... multiple outcome measurements within the 
outcome domain?  

 N 

7.2 ... multiple analyses of the intervention-outcome 
relationship? 

 PN 

7.3 ... different subgroups?  PN 

Risk of bias judgement  Low 

Optional: What is the predicted direction of bias due 
to selection of the reported result? 

 Unpredictable 

 

Overall bias 

 Risk of bias judgement  Critical 

Optional: What is the overall predicted direction of 
bias for this outcome? 

 Unpredictable 
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The Risk Of Bias In Non-randomized Studies – of Interventions (ROBINS-I) assessment tool  
(version for cohort-type studies) 
Version 19 September 2016 

 

 
This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License. 

 

Chang et al., 2022 

ROBINS-I tool (Stage I): At protocol stage  

Specify the review question  

Participants Patients with acute hypoxemic respiratory failure receiving veno-venous extracorporeal membrane oxygenation 

Experimental intervention Prone positioning 

Comparator No prone positioning 

Outcomes 28-day mortality 

 

List the confounding domains relevant to all or most studies 

Patients’ characteristics, etiology of acute hypoxemic respiratory failure, severity of acute hypoxemic respiratory failure, large-volume (>20 cases annually) vs. low-volume 
(≤20 cases annually) extracorporeal membrane oxygenation centers; number of proning cycles 

List co-interventions that could be different between intervention groups and that could impact on outcomes 

Steroids, antibiotics, fluid therapy, mechanical ventilation settings, extracorporeal membrane oxygenation settings 
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ROBINS-I tool (Stage II): For each study 

Specify a target randomized trial specific to the study 

Design Individually randomized 

Participants Patients with acute hypoxemic respiratory failure receiving veno-venous extracorporeal membrane oxygenation 

Experimental intervention Prone positioning 

Comparator No prone positioning 

 

Is your aim for this study…? 

X to assess the effect of assignment to intervention 

 to assess the effect of starting and adhering to intervention 

 

Specify the outcome 

Specify which outcome is being assessed for risk of bias (typically from among those earmarked for the Summary of Findings table). Specify whether this is a proposed benefit 
or harm of intervention. 

Hospital mortality. Prone positioning is hypothesized to reduce hospital mortality. Twenty-eight-day mortality was not analyzed in the original study. 

 

Specify the numerical result being assessed 

In case of multiple alternative analyses being presented, specify the numeric result (e.g. RR = 1.52 (95% CI 0.83 to 2.77) and/or a reference (e.g. to a table, figure or paragraph) 
that uniquely defines the result being assessed. 

Absolute frequency of hospital mortality (Table 2) 
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Preliminary consideration of confounders 

Complete a row for each important confounding domain (i) listed in the review protocol; and (ii) relevant to the setting of this particular study, or which the study authors 
identified as potentially important. 

“Important” confounding domains are those for which, in the context of this study, adjustment is expected to lead to a clinically important change in the estimated effect of the 
intervention. “Validity” refers to whether the confounding variable or variables fully measure the domain, while “reliability” refers to the precision of the measurement (more 
measurement error means less reliability). 

(i) Confounding domains listed in the review protocol 

Confounding domain Measured variable(s)  Is there evidence that 
controlling for this variable was 
unnecessary?* 

Is the confounding domain 
measured validly and reliably by 
this variable (or these 
variables)? 

OPTIONAL: Is failure to adjust for 
this variable (alone) expected to 
favour the experimental 
intervention or the comparator? 

Patients’ characteristics 
Age, gender, comorbidities, 

severity of critical illness 
No Yes No information 

Etiology of acute hypoxemic 
respiratory failure 

Etiology of acute hypoxemic 
respiratory failure 

No  
 

Severity of acute hypoxemic 
respiratory failure 

Arterial partial pressure of 
oxygen to fraction of inspired 

oxygen ratio 
No  

 

Large-volume (>20 cases 
annually) vs. low-volume (≤20 
cases annually) extracorporeal 

membrane oxygenation 
centers 

Number of extracorporeal 
membrane oxygenation case per 

year 
No  

 

Number of proning cycles 
before cannulation 

Number of proning cycles No  
 

 

(ii) Additional confounding domains relevant to the setting of this particular study, or which the study authors identified as important 

Confounding domain Measured variable(s)  Is there evidence that 
controlling for this variable was 
unnecessary?* 

Is the confounding domain 
measured validly and reliably by 
this variable (or these 
variables)? 

OPTIONAL: Is failure to adjust for 
this variable (alone) expected to 
favour the experimental 
intervention or the comparator? 
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None 
  

  

* In the context of a particular study, variables can be demonstrated not to be confounders and so not included in the analysis: (a) if they are not predictive of the outcome; (b) if they are not predictive of intervention; or (c) because 
adjustment makes no or minimal difference to the estimated effect of the primary parameter. Note that “no statistically significant association” is not the same as “not predictive”.  
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Preliminary consideration of co-interventions 

Complete a row for each important co-intervention (i) listed in the review protocol; and (ii) relevant to the setting of this particular study, or which the study authors identified 
as important. 

“Important” co-interventions are those for which, in the context of this study, adjustment is expected to lead to a clinically important change in the estimated effect of the 
intervention. 

(i) Co-interventions listed in the review protocol 

Co-intervention Is there evidence that controlling for this co-intervention 
was unnecessary (e.g. because it was not administered)? 

Is presence of this co-intervention likely to favour 
outcomes in the experimental intervention or the 
comparator 

No important co-interventions were listed in the review 
protocol 

 
 

 

(ii) Additional co-interventions relevant to the setting of this particular study, or which the study authors identified as important 

Co-intervention Is there evidence that controlling for this co-intervention 
was unnecessary (e.g. because it was not administered)? 

Is presence of this co-intervention likely to favour 
outcomes in the experimental intervention or the 
comparator 

Steroids No No information 

Antibiotics No No information 

Fluid therapy No No information 

Mechanical ventilation settings No No information 

Extracorporeal membrane oxygenation settings No No information 

  

177



6 
 

Risk of bias assessment  

Responses underlined in green are potential markers for low risk of bias, and responses in red are potential markers for a risk of bias. Where questions relate only to sign 
posts to other questions, no formatting is used. 

 Signalling questions Description Response options 

Bias due to confounding 

 1.1 Is there potential for confounding of the effect of 
intervention in this study? 

If N/PN to 1.1: the study can be considered to be at low 
risk of bias due to confounding and no further signalling 
questions need be considered 

Despite there being no significant differences in patient age, sex, body 
mass index, or pre-existing conditions between the two groups, the 
patients who were proned were found to have significantly longer 
ECMO duration, ventilator duration, and hospital length of stay, 
compared to patients who were not. Given that patients were proned 
due to minimal or no improvement in ECMO requirement after two 
weeks, proning was likely not the primary variable leading to these 
differences, but rather a marker for a more severe underlying disease. 

Y 

If Y/PY to 1.1: determine whether there is a need to 
assess time-varying confounding: 

  

1.2. Was the analysis based on splitting participants’ 
follow up time according to intervention received? 

If N/PN, answer questions relating to baseline 
confounding (1.4 to 1.6)  

If Y/PY, go to question 1.3. 

 N 

1.3. Were intervention discontinuations or switches 
likely to be related to factors that are prognostic for 
the outcome? 

If N/PN, answer questions relating to baseline 
confounding (1.4 to 1.6) 

If Y/PY, answer questions relating to both 
baseline and time-varying confounding (1.7 and 
1.8)  

 NA 
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 Questions relating to baseline confounding only 

1.4. Did the authors use an appropriate analysis 
method that controlled for all the important 
confounding domains? 

 N 

1.5. If Y/PY to 1.4: Were confounding domains that 
were controlled for measured validly and reliably by 
the variables available in this study? 

 NA 

1.6. Did the authors control for any post-
intervention variables that could have been affected 
by the intervention? 

 N 

 Questions relating to baseline and time-varying confounding  

1.7. Did the authors use an appropriate analysis 
method that controlled for all the important 
confounding domains and for time-varying 
confounding? 

 NA 

1.8. If Y/PY to 1.7: Were confounding domains that 
were controlled for measured validly and reliably by 
the variables available in this study? 

 NA 

 Risk of bias judgement  Critical 

Optional: What is the predicted direction of bias due to 
confounding? 

 Favours comparator 
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Bias in selection of participants into the study 

 2.1. Was selection of participants into the study (or into 
the analysis) based on participant characteristics 
observed after the start of intervention? 

If N/PN to 2.1: go to 2.4 

Citation: “We conducted a retrospective analysis of all patients 
admitted to New York University Langone Health (NYULH) Manhattan 
with severe ARDS requiring initiation of ECMO support between March 
1 and May 31, 2020. All patients placed on ECMO for severe ARDS 
during this time had ARDS secondary to COVID-19.” 

N 

2.2. If Y/PY to 2.1: Were the post-intervention 
variables that influenced selection likely to be 
associated with intervention? 

2.3 If Y/PY to 2.2:  Were the post-intervention 
variables that influenced selection likely to be 
influenced by the outcome or a cause of the 
outcome? 

 NA 
 
 

NA 
 

2.4. Do start of follow-up and start of intervention 
coincide for most participants? 

 Y 

2.5. If Y/PY to 2.2 and 2.3, or N/PN to 2.4: Were 
adjustment techniques used that are likely to correct for 
the presence of selection biases? 

 NA 

Risk of bias judgement  Low 

Optional: What is the predicted direction of bias due to 
selection of participants into the study? 

 Unpredictable 

 

Bias in classification of interventions  

 3.1 Were intervention groups clearly defined?  Citation: “In this study, we will describe the patient population that was 
proned, evaluate pulmonary mechanics with resultant changes in ECMO 
settings, and report the safety of proning while on ECMO support.” 

Y 

3.2 Was the information used to define intervention 
groups recorded at the start of the intervention? 

 Y 

3.3 Could classification of intervention status have 
been affected by knowledge of the outcome or risk 
of the outcome? 

 N 

Risk of bias judgement  Low 

Optional: What is the predicted direction of bias due 
to classification of interventions? 

 Unpredictable 
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Bias due to deviations from intended interventions 

 If your aim for this study is to assess the effect of assignment to intervention, answer questions 4.1 and 4.2  

4.1. Were there deviations from the intended 
intervention beyond what would be expected in 
usual practice? 

Extensive data on pronation complications are reported. Therefore, 
deviations from the intended intervention, such as need for acute 
supination for complications related to proning, is unlikely. 

PN 

4.2. If Y/PY to 4.1: Were these deviations from 
intended intervention unbalanced between groups 
and likely to have affected the outcome? 

 NA 

If your aim for this study is to assess the effect of starting and adhering to intervention, answer questions 4.3 to 4.6  

4.3. Were important co-interventions balanced 
across intervention groups? 

 Y / PY / PN / N / NI 

4.4. Was the intervention implemented successfully 
for most participants? 

 Y / PY / PN / N / NI 

4.5. Did study participants adhere to the assigned 
intervention regimen? 

 Y / PY / PN / N / NI 

4.6. If N/PN to 4.3, 4.4 or 4.5: Was an appropriate 
analysis used to estimate the effect of starting and 
adhering to the intervention? 

 NA / Y / PY / PN / N / NI 

Risk of bias judgement  Low 

Optional: What is the predicted direction of bias due 
to deviations from the intended interventions? 

 Unpredictable 
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Bias due to missing data 

 5.1 Were outcome data available for all, or nearly all, 
participants? 

 PY  

5.2 Were participants excluded due to missing data 
on intervention status? 

 NI 
 

5.3 Were participants excluded due to missing data 
on other variables needed for the analysis? 

  
NI 

5.4 If PN/N to 5.1, or Y/PY to 5.2 or 5.3: Are the 
proportion of participants and reasons for missing 
data similar across interventions? 

 NI 

5.5 If PN/N to 5.1, or Y/PY to 5.2 or 5.3: Is there 
evidence that results were robust to the presence of 
missing data? 

 NI 

Risk of bias judgement  Low 

Optional: What is the predicted direction of bias due 
to missing data? 

 Unpredictable 

 

Bias in measurement of outcomes  
 6.1 Could the outcome measure have been 

influenced by knowledge of the intervention 
received? 

 N 

6.2 Were outcome assessors aware of the 
intervention received by study participants? 

 PY 

6.3 Were the methods of outcome assessment 
comparable across intervention groups? 

 Y 

6.4 Were any systematic errors in measurement of 
the outcome related to intervention received? 

 N 

Risk of bias judgement  Moderate 

Optional: What is the predicted direction of bias due 
to measurement of outcomes? 

 Unpredictable 

 

182



11 
 

Bias in selection of the reported result 

 Is the reported effect estimate likely to be selected, 
on the basis of the results, from... 

  

7.1. ... multiple outcome measurements within the 
outcome domain?  

 N 

7.2 ... multiple analyses of the intervention-outcome 
relationship? 

 PN 

7.3 ... different subgroups?  PN 

Risk of bias judgement  Low 

Optional: What is the predicted direction of bias due 
to selection of the reported result? 

 Unpredictable 

 

Overall bias 

 Risk of bias judgement  Critical 

Optional: What is the overall predicted direction of 
bias for this outcome? 

 Favours comparator 
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The Risk Of Bias In Non-randomized Studies – of Interventions (ROBINS-I) assessment tool  
(version for cohort-type studies) 
Version 19 September 2016 

 

 
This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License. 

 

Chen et al., 2022 

ROBINS-I tool (Stage I): At protocol stage  

Specify the review question  

Participants Patients with acute hypoxemic respiratory failure receiving veno-venous extracorporeal membrane oxygenation 

Experimental intervention Prone positioning 

Comparator No prone positioning 

Outcomes 28-day mortality 

 

List the confounding domains relevant to all or most studies 

Patients’ characteristics, etiology of acute hypoxemic respiratory failure, severity of acute hypoxemic respiratory failure, large-volume (>20 cases annually) vs. low-volume 
(≤20 cases annually) extracorporeal membrane oxygenation centers; number of proning cycles 

List co-interventions that could be different between intervention groups and that could impact on outcomes 

Steroids, antibiotics, fluid therapy, mechanical ventilation settings, extracorporeal membrane oxygenation settings 
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ROBINS-I tool (Stage II): For each study 

Specify a target randomized trial specific to the study 

Design Individually randomized 

Participants Patients with acute hypoxemic respiratory failure receiving veno-venous extracorporeal membrane oxygenation 

Experimental intervention Prone positioning 

Comparator No prone positioning 

 

Is your aim for this study…? 

X to assess the effect of assignment to intervention 

 to assess the effect of starting and adhering to intervention 

 

Specify the outcome 

Specify which outcome is being assessed for risk of bias (typically from among those earmarked for the Summary of Findings table). Specify whether this is a proposed benefit 
or harm of intervention. 

Hospital mortality. Prone positioning is hypothesized to reduce hospital mortality. Twenty-eight-day mortality was not analyzed in the original study. However, the study 
was included because of the availability of data on hospital mortality. 

 

Specify the numerical result being assessed 

In case of multiple alternative analyses being presented, specify the numeric result (e.g. RR = 1.52 (95% CI 0.83 to 2.77) and/or a reference (e.g. to a table, figure or paragraph) 
that uniquely defines the result being assessed. 

Absolute frequency of hospital mortality (Table 4) 
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Preliminary consideration of confounders 

Complete a row for each important confounding domain (i) listed in the review protocol; and (ii) relevant to the setting of this particular study, or which the study authors 
identified as potentially important. 

“Important” confounding domains are those for which, in the context of this study, adjustment is expected to lead to a clinically important change in the estimated effect of the 
intervention. “Validity” refers to whether the confounding variable or variables fully measure the domain, while “reliability” refers to the precision of the measurement (more 
measurement error means less reliability). 

(i) Confounding domains listed in the review protocol 

Confounding domain Measured variable(s)  Is there evidence that 
controlling for this variable was 
unnecessary?* 

Is the confounding domain 
measured validly and reliably by 
this variable (or these 
variables)? 

OPTIONAL: Is failure to adjust for 
this variable (alone) expected to 
favour the experimental 
intervention or the comparator? 

Patients’ characteristics 
Age, gender, comorbidities, 

severity of critical illness 
No Yes No information 

Etiology of acute hypoxemic 
respiratory failure 

Etiology of acute hypoxemic 
respiratory failure 

No  
 

Severity of acute hypoxemic 
respiratory failure 

Arterial partial pressure of 
oxygen to fraction of inspired 

oxygen ratio 
No  

 

Large-volume (>20 cases 
annually) vs. low-volume (≤20 
cases annually) extracorporeal 

membrane oxygenation 
centers 

Number of extracorporeal 
membrane oxygenation case per 

year 
No  

 

Number of proning cycles 
before cannulation 

Number of proning cycles No  
 

 

(ii) Additional confounding domains relevant to the setting of this particular study, or which the study authors identified as important 

Confounding domain Measured variable(s)  Is there evidence that 
controlling for this variable was 
unnecessary?* 

Is the confounding domain 
measured validly and reliably by 
this variable (or these 
variables)? 

OPTIONAL: Is failure to adjust for 
this variable (alone) expected to 
favour the experimental 
intervention or the comparator? 
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None 
  

  

* In the context of a particular study, variables can be demonstrated not to be confounders and so not included in the analys is: (a) if they are not predictive of the outcome; (b) if they are not predictive of intervention; or (c) because 
adjustment makes no or minimal difference to the estimated effect of the primary parameter. Note that “no statistically significant association” is not the same as “not predictive”.  
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Preliminary consideration of co-interventions 

Complete a row for each important co-intervention (i) listed in the review protocol; and (ii) relevant to the setting of this particular study, or which the study authors identified 
as important. 

“Important” co-interventions are those for which, in the context of this study, adjustment is expected to lead to a clinically important change in the estimated effect of the 
intervention. 

(i) Co-interventions listed in the review protocol 

Co-intervention Is there evidence that controlling for this co-intervention 
was unnecessary (e.g. because it was not administered)? 

Is presence of this co-intervention likely to favour 
outcomes in the experimental intervention or the 
comparator 

No important co-interventions were listed in the review 
protocol 

 
 

 

(ii) Additional co-interventions relevant to the setting of this particular study, or which the study authors identified as important 

Co-intervention Is there evidence that controlling for this co-intervention 
was unnecessary (e.g. because it was not administered)? 

Is presence of this co-intervention likely to favour 
outcomes in the experimental intervention or the 
comparator 

Steroids No No information 

Antibiotics No No information 

Fluid therapy No No information 

Mechanical ventilation settings No No information 

Extracorporeal membrane oxygenation settings No No information 
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Risk of bias assessment  

Responses underlined in green are potential markers for low risk of bias, and responses in red are potential markers for a risk of bias. Where questions relate only to sign 
posts to other questions, no formatting is used. 

 Signalling questions Description Response options 

Bias due to confounding 

 1.1 Is there potential for confounding of the effect of 
intervention in this study? 

If N/PN to 1.1: the study can be considered to be at low 
risk of bias due to confounding and no further signalling 
questions need be considered 

Citation: “Before matching, we found statistical significance in age and 
the pathogen spectrum of ARDS induced by pneumonia.” 

Y 

If Y/PY to 1.1: determine whether there is a need to 
assess time-varying confounding: 

  

1.2. Was the analysis based on splitting participants’ 
follow up time according to intervention received? 

If N/PN, answer questions relating to baseline 
confounding (1.4 to 1.6)  

If Y/PY, go to question 1.3. 

 N 

1.3. Were intervention discontinuations or switches 
likely to be related to factors that are prognostic for 
the outcome? 

If N/PN, answer questions relating to baseline 
confounding (1.4 to 1.6) 

If Y/PY, answer questions relating to both 
baseline and time-varying confounding (1.7 and 
1.8)  

 NA 
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 Questions relating to baseline confounding only 

1.4. Did the authors use an appropriate analysis 
method that controlled for all the important 
confounding domains? 

The authors used propensity score matching. PY 

1.5. If Y/PY to 1.4: Were confounding domains that 
were controlled for measured validly and reliably by 
the variables available in this study? 

 Y 

1.6. Did the authors control for any post-
intervention variables that could have been affected 
by the intervention? 

 N 

 Questions relating to baseline and time-varying confounding  

1.7. Did the authors use an appropriate analysis 
method that controlled for all the important 
confounding domains and for time-varying 
confounding? 

 NA 

1.8. If Y/PY to 1.7: Were confounding domains that 
were controlled for measured validly and reliably by 
the variables available in this study? 

 NA 

 Risk of bias judgement  Moderate 

Optional: What is the predicted direction of bias due to 
confounding? 

 Unpredictable 
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Bias in selection of participants into the study 

 2.1. Was selection of participants into the study (or into 
the analysis) based on participant characteristics 
observed after the start of intervention? 

If N/PN to 2.1: go to 2.4 

Citation: “This is a retrospective study enrolling patients treated in the 
30-bed medical intensive care unit (MICU) of a teaching hospital at 
Beijing, China from April 2013 to October 2020. All 91 patients included 
in our study met the Berlin definition of ARDS [2] and were sup- ported 
with VV-ECMO. All participants were older than 14 years because 
otherwise they would be triaged to pediatric department. We did not 
include patients with COVID-19.” 

N 

2.2. If Y/PY to 2.1: Were the post-intervention 
variables that influenced selection likely to be 
associated with intervention? 

2.3 If Y/PY to 2.2:  Were the post-intervention 
variables that influenced selection likely to be 
influenced by the outcome or a cause of the 
outcome? 

 NA 
 
 

NA 
 

2.4. Do start of follow-up and start of intervention 
coincide for most participants? 

 Y 

2.5. If Y/PY to 2.2 and 2.3, or N/PN to 2.4: Were 
adjustment techniques used that are likely to correct for 
the presence of selection biases? 

 NA 

Risk of bias judgement  Low 

Optional: What is the predicted direction of bias due to 
selection of participants into the study? 

 Unpredictable 
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Bias in classification of interventions  

 3.1 Were intervention groups clearly defined?  Citation: “Patients who received at least one period of PP during ECMO 
were categorized into the prone group, while those without PP were 
defined as the supine group.” 

Y 

3.2 Was the information used to define intervention 
groups recorded at the start of the intervention? 

 Y 

3.3 Could classification of intervention status have 
been affected by knowledge of the outcome or risk 
of the outcome? 

 N 

Risk of bias judgement  Low 

Optional: What is the predicted direction of bias due 
to classification of interventions? 

 Unpredictable 

 

Bias due to deviations from intended interventions 

 If your aim for this study is to assess the effect of assignment to intervention, answer questions 4.1 and 4.2  

4.1. Were there deviations from the intended 
intervention beyond what would be expected in 
usual practice? 

 PN 

4.2. If Y/PY to 4.1: Were these deviations from 
intended intervention unbalanced between groups 
and likely to have affected the outcome? 

 NA 

If your aim for this study is to assess the effect of starting and adhering to intervention, answer questions 4.3 to 4.6  

4.3. Were important co-interventions balanced 
across intervention groups? 

 Y / PY / PN / N / NI 

4.4. Was the intervention implemented successfully 
for most participants? 

 Y / PY / PN / N / NI 

4.5. Did study participants adhere to the assigned 
intervention regimen? 

 Y / PY / PN / N / NI 

4.6. If N/PN to 4.3, 4.4 or 4.5: Was an appropriate 
analysis used to estimate the effect of starting and 
adhering to the intervention? 

 NA / Y / PY / PN / N / NI 

Risk of bias judgement  Low 

Optional: What is the predicted direction of bias due 
to deviations from the intended interventions? 

 Unpredictable 
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Bias due to missing data 

 5.1 Were outcome data available for all, or nearly all, 
participants? 

 Y 

5.2 Were participants excluded due to missing data 
on intervention status? 

  
N  

5.3 Were participants excluded due to missing data 
on other variables needed for the analysis? 

  
N 

5.4 If PN/N to 5.1, or Y/PY to 5.2 or 5.3: Are the 
proportion of participants and reasons for missing 
data similar across interventions? 

 NA 

5.5 If PN/N to 5.1, or Y/PY to 5.2 or 5.3: Is there 
evidence that results were robust to the presence of 
missing data? 

 NA 

Risk of bias judgement  Low 

Optional: What is the predicted direction of bias due 
to missing data? 

 Unpredictable 

 

Bias in measurement of outcomes  
 6.1 Could the outcome measure have been 

influenced by knowledge of the intervention 
received? 

 N 

6.2 Were outcome assessors aware of the 
intervention received by study participants? 

 PY 

6.3 Were the methods of outcome assessment 
comparable across intervention groups? 

 Y 

6.4 Were any systematic errors in measurement of 
the outcome related to intervention received? 

 N 

Risk of bias judgement  Moderate 

Optional: What is the predicted direction of bias due 
to measurement of outcomes? 

 Unpredictable 
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Bias in selection of the reported result 

 Is the reported effect estimate likely to be selected, 
on the basis of the results, from... 

  

7.1. ... multiple outcome measurements within the 
outcome domain?  

 N 

7.2 ... multiple analyses of the intervention-outcome 
relationship? 

 PN 

7.3 ... different subgroups?  PN 

Risk of bias judgement  Low 

Optional: What is the predicted direction of bias due 
to selection of the reported result? 

 Unpredictable 

 

Overall bias 

 Risk of bias judgement  Moderate 

Optional: What is the overall predicted direction of 
bias for this outcome? 

 Unpredictable 
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The Risk Of Bias In Non-randomized Studies – of Interventions (ROBINS-I) assessment tool  
(version for cohort-type studies) 
Version 19 September 2016 

 

 
This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License. 

 

Zaaqoq et al., 2021 

ROBINS-I tool (Stage I): At protocol stage  

Specify the review question  

Participants Patients with acute hypoxemic respiratory failure receiving veno-venous extracorporeal membrane oxygenation 

Experimental intervention Prone positioning 

Comparator No prone positioning 

Outcomes 28-day mortality 

 

List the confounding domains relevant to all or most studies 

Patients’ characteristics, etiology of acute hypoxemic respiratory failure, severity of acute hypoxemic respiratory failure, large-volume (>20 cases annually) vs. low-volume 
(≤20 cases annually) extracorporeal membrane oxygenation centers; number of proning cycles 

List co-interventions that could be different between intervention groups and that could impact on outcomes 

Steroids, antibiotics, fluid therapy, mechanical ventilation settings, extracorporeal membrane oxygenation settings 
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ROBINS-I tool (Stage II): For each study 

Specify a target randomized trial specific to the study 

Design Individually randomized 

Participants Patients with acute hypoxemic respiratory failure receiving veno-venous extracorporeal membrane oxygenation 

Experimental intervention Prone positioning 

Comparator No prone positioning 

 

Is your aim for this study…? 

X to assess the effect of assignment to intervention 

 to assess the effect of starting and adhering to intervention 

 

Specify the outcome 

Specify which outcome is being assessed for risk of bias (typically from among those earmarked for the Summary of Findings table). Specify whether this is a proposed benefit 

or harm of intervention. 

Hospital mortality. Prone positioning is hypothesized to reduce hospital mortality. Twenty-eight-day mortality was not analyzed in the original study. 

 

Specify the numerical result being assessed 

In case of multiple alternative analyses being presented, specify the numeric result (e.g. RR = 1.52 (95% CI 0.83 to 2.77) and/or a reference (e.g. to a table, figure or paragraph) 
that uniquely defines the result being assessed. 

Absolute frequency of hospital mortality (Table 2) 
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Preliminary consideration of confounders 

Complete a row for each important confounding domain (i) listed in the review protocol; and (ii) relevant to the setting of this particular study, or which the study authors 

identified as potentially important. 

“Important” confounding domains are those for which, in the context of this study, adjustment is expected to lead to a clinically important change in the estimated effect of the 
intervention. “Validity” refers to whether the confounding variable or variables fully measure the domain, while “reliability” refers to the precision of the measurement (more 
measurement error means less reliability). 

(i) Confounding domains listed in the review protocol 

Confounding domain Measured variable(s)  Is there evidence that 
controlling for this variable was 
unnecessary?* 

Is the confounding domain 
measured validly and reliably by 
this variable (or these 
variables)? 

OPTIONAL: Is failure to adjust for 
this variable (alone) expected to 
favour the experimental 
intervention or the comparator? 

Patients’ characteristics 
Age, gender, comorbidities, 

severity of critical illness 
No Yes No information 

Etiology of acute hypoxemic 
respiratory failure 

Etiology of acute hypoxemic 
respiratory failure 

No  
 

Severity of acute hypoxemic 
respiratory failure 

Arterial partial pressure of 
oxygen to fraction of inspired 

oxygen ratio 
No  

 

Large-volume (>20 cases 
annually) vs. low-volume (≤20 
cases annually) extracorporeal 

membrane oxygenation 
centers 

Number of extracorporeal 
membrane oxygenation case per 

year 
No  

 

Number of proning cycles 
before cannulation 

Number of proning cycles No  
 

 

(ii) Additional confounding domains relevant to the setting of this particular study, or which the study authors identified as important 

Confounding domain Measured variable(s)  Is there evidence that 
controlling for this variable was 
unnecessary?* 

Is the confounding domain 
measured validly and reliably by 
this variable (or these 
variables)? 

OPTIONAL: Is failure to adjust for 
this variable (alone) expected to 
favour the experimental 
intervention or the comparator? 
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Extracorporeal membrane 
oxygenation centers 

Extracorporeal membrane 
oxygenation centers 

No Yes No information 

* In the context of a particular study, variables can be demonstrated not to be confounders and so not included in the analys is: (a) if they are not predictive of the outcome; (b) if they are not predictive of intervention; or (c) because 
adjustment makes no or minimal difference to the estimated effect of the primary parameter. Note that “no statistically significant association” is not the same as “not predictive”.  

198



5 
 

Preliminary consideration of co-interventions 

Complete a row for each important co-intervention (i) listed in the review protocol; and (ii) relevant to the setting of this particular study, or which the study authors identified 

as important. 

“Important” co-interventions are those for which, in the context of this study, adjustment is expected to lead to a clinically important change in the estimated effect of the 
intervention. 

(i) Co-interventions listed in the review protocol 

Co-intervention Is there evidence that controlling for this co-intervention 
was unnecessary (e.g. because it was not administered)? 

Is presence of this co-intervention likely to favour 
outcomes in the experimental intervention or the 
comparator 

No important co-interventions were listed in the review 
protocol 

 
 

 

(ii) Additional co-interventions relevant to the setting of this particular study, or which the study authors identified as important 

Co-intervention Is there evidence that controlling for this co-intervention 
was unnecessary (e.g. because it was not administered)? 

Is presence of this co-intervention likely to favour 
outcomes in the experimental intervention or the 
comparator 

Steroids No No information 

Antibiotics No No information 

Fluid therapy No No information 

Mechanical ventilation settings No No information 

Extracorporeal membrane oxygenation settings No No information 
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Risk of bias assessment  

Responses underlined in green are potential markers for low risk of bias, and responses in red are potential markers for a risk of bias. Where questions relate only to sign 

posts to other questions, no formatting is used. 

 Signalling questions Description Response options 

Bias due to confounding 
 1.1 Is there potential for confounding of the effect of 

intervention in this study? 

If N/PN to 1.1: the study can be considered to be at low 
risk of bias due to confounding and no further signalling 
questions need be considered 

The respiratory compliance was lower in the prone position group, 
which may imply greater respiratory disease severity. 

PY 

If Y/PY to 1.1: determine whether there is a need to 
assess time-varying confounding: 

  

1.2. Was the analysis based on splitting participants’ 
follow up time according to intervention received? 

If N/PN, answer questions relating to baseline 
confounding (1.4 to 1.6)  

If Y/PY, go to question 1.3. 

 N 

1.3. Were intervention discontinuations or switches 
likely to be related to factors that are prognostic for 
the outcome? 

If N/PN, answer questions relating to baseline 
confounding (1.4 to 1.6) 

If Y/PY, answer questions relating to both 
baseline and time-varying confounding (1.7 and 

1.8)  

 NA 
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 Questions relating to baseline confounding only 
1.4. Did the authors use an appropriate analysis 
method that controlled for all the important 
confounding domains? 

The authors used a multistate survival analysis to examine patient 
outcomes over time to account for confounding related to time and 
patient severity. A Weibull survival model was used in the multistate 
model to examine the instantaneous cause-specific hazards of death, 
while adjusting for potential confounders. The potential confounders 
were identified based on previously published studies, the clinically 
relevant factors for decision making, and differences in baseline 
characteristics. Moreover, the authors adjusted for each intensive care 
unit using a random intercept. The effect of prone position was 
modeled as a time-dependent variable that accumulated during a 
patient’s time on extracorporeal membrane oxygenation. Finally, 
different nonlinear transformations in the relationship between prone 
positioning and death were tested. 

PY 

1.5. If Y/PY to 1.4: Were confounding domains that 
were controlled for measured validly and reliably by 
the variables available in this study? 

 Y 

1.6. Did the authors control for any post-
intervention variables that could have been affected 
by the intervention? 

 N 

 Questions relating to baseline and time-varying confounding  
1.7. Did the authors use an appropriate analysis 
method that controlled for all the important 
confounding domains and for time-varying 
confounding? 

 NA 

1.8. If Y/PY to 1.7: Were confounding domains that 
were controlled for measured validly and reliably by 

the variables available in this study? 

 NA 

 Risk of bias judgement  Moderate 

Optional: What is the predicted direction of bias due to 
confounding? 

 Unpredictable 
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Bias in selection of participants into the study 

 2.1. Was selection of participants into the study (or into 
the analysis) based on participant characteristics 
observed after the start of intervention? 

If N/PN to 2.1: go to 2.4 

Citation: “The enrollment eligibility criteria were age of 18 years old or 
greater, confirmed COVID-19, and need for invasive mechanical 
ventilation and veno-venous ECMO support.” 

N 

2.2. If Y/PY to 2.1: Were the post-intervention 
variables that influenced selection likely to be 
associated with intervention? 

2.3 If Y/PY to 2.2:  Were the post-intervention 
variables that influenced selection likely to be 
influenced by the outcome or a cause of the 
outcome? 

 NA 
 
 

NA 
 

2.4. Do start of follow-up and start of intervention 
coincide for most participants? 

 Y 

2.5. If Y/PY to 2.2 and 2.3, or N/PN to 2.4: Were 
adjustment techniques used that are likely to correct for 
the presence of selection biases? 

 NA 

Risk of bias judgement  Low 

Optional: What is the predicted direction of bias due to 
selection of participants into the study? 

 Unpredictable 

 

Bias in classification of interventions  
 3.1 Were intervention groups clearly defined?  Citation: “[…] comparing patients who experienced prone positioning post- 

extracorporeal membrane oxygenation initiation versus those who were 
always supine” 

Y 

3.2 Was the information used to define intervention 
groups recorded at the start of the intervention? 

 Y 

3.3 Could classification of intervention status have 
been affected by knowledge of the outcome or risk 
of the outcome? 

 N 

Risk of bias judgement  Low 

Optional: What is the predicted direction of bias due 
to classification of interventions? 

 Unpredictable 
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Bias due to deviations from intended interventions 

 If your aim for this study is to assess the effect of assignment to intervention, answer questions 4.1 and 4.2  

4.1. Were there deviations from the intended 
intervention beyond what would be expected in 
usual practice? 

 PN 

4.2. If Y/PY to 4.1: Were these deviations from 
intended intervention unbalanced between groups 
and likely to have affected the outcome? 

 NA 

If your aim for this study is to assess the effect of starting and adhering to intervention, answer questions 4.3 to 4.6  

4.3. Were important co-interventions balanced 
across intervention groups? 

 Y / PY / PN / N / NI 

4.4. Was the intervention implemented successfully 
for most participants? 

 Y / PY / PN / N / NI 

4.5. Did study participants adhere to the assigned 
intervention regimen? 

 Y / PY / PN / N / NI 

4.6. If N/PN to 4.3, 4.4 or 4.5: Was an appropriate 
analysis used to estimate the effect of starting and 

adhering to the intervention? 

 NA / Y / PY / PN / N / NI 

Risk of bias judgement  Low 
Optional: What is the predicted direction of bias due 
to deviations from the intended interventions? 

 Unpredictable 
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Bias due to missing data 

 5.1 Were outcome data available for all, or nearly all, 
participants? 

Citation: “There are more missing outcome data in the supine versus prone 
group. We attempted to overcome this limitation by applying multiple 
imputation and censoring patients at 90 days”. 

N 

5.2 Were participants excluded due to missing data 
on intervention status? 

 PN 

5.3 Were participants excluded due to missing data 
on other variables needed for the analysis? 

 PN 

5.4 If PN/N to 5.1, or Y/PY to 5.2 or 5.3: Are the 
proportion of participants and reasons for missing 
data similar across interventions? 

Citation: “There are more missing outcome data in the supine versus prone 
group. We attempted to overcome this limitation by applying multiple 
imputation and censoring patients at 90 days”. 

N 

5.5 If PN/N to 5.1, or Y/PY to 5.2 or 5.3: Is there 
evidence that results were robust to the presence of 
missing data? 

No sensitivity analyses with multiple imputations replacing missing data 
were used. 

NI 

Risk of bias judgement  Serious 

Optional: What is the predicted direction of bias due 
to missing data? 

 Unpredictable 

 

Bias in measurement of outcomes  

 6.1 Could the outcome measure have been 
influenced by knowledge of the intervention 
received? 

 N 

6.2 Were outcome assessors aware of the 

intervention received by study participants? 
 PY 

6.3 Were the methods of outcome assessment 
comparable across intervention groups? 

 Y 

6.4 Were any systematic errors in measurement of 
the outcome related to intervention received? 

 N 

Risk of bias judgement  Moderate 

Optional: What is the predicted direction of bias due 

to measurement of outcomes? 
 Unpredictable 
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Bias in selection of the reported result 

 Is the reported effect estimate likely to be selected, 

on the basis of the results, from... 
  

7.1. ... multiple outcome measurements within the 
outcome domain?  

 N 

7.2 ... multiple analyses of the intervention-outcome 
relationship? 

 PN 

7.3 ... different subgroups?  PN 

Risk of bias judgement  Low 

Optional: What is the predicted direction of bias due 
to selection of the reported result? 

 Unpredictable 

 

Overall bias 

 Risk of bias judgement  Serious 
Optional: What is the overall predicted direction of 
bias for this outcome? 

 Unpredictable 
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The Risk Of Bias In Non-randomized Studies – of Interventions (ROBINS-I) assessment tool  
(version for cohort-type studies) 
Version 19 September 2016 

 

 
This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License. 

 

Petit et al., 2022 

ROBINS-I tool (Stage I): At protocol stage  

Specify the review question  

Participants Patients with acute hypoxemic respiratory failure receiving veno-venous extracorporeal membrane oxygenation 

Experimental intervention Prone positioning 

Comparator No prone positioning 

Outcomes 28-day mortality 

 

List the confounding domains relevant to all or most studies 

Patients’ characteristics, etiology of acute hypoxemic respiratory failure, severity of acute hypoxemic respiratory failure, large-volume (>20 cases annually) vs. low-volume 
(≤20 cases annually) extracorporeal membrane oxygenation centers; number of proning cycles 

List co-interventions that could be different between intervention groups and that could impact on outcomes 

Steroids, antibiotics, fluid therapy, mechanical ventilation settings, extracorporeal membrane oxygenation settings 
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ROBINS-I tool (Stage II): For each study 

Specify a target randomized trial specific to the study 

Design Individually randomized 

Participants Patients with acute hypoxemic respiratory failure receiving veno-venous extracorporeal membrane oxygenation 

Experimental intervention Prone positioning 

Comparator No prone positioning 

 

Is your aim for this study…? 

X to assess the effect of assignment to intervention 

 to assess the effect of starting and adhering to intervention 

 

Specify the outcome 

Specify which outcome is being assessed for risk of bias (typically from among those earmarked for the Summary of Findings table). Specify whether this is a proposed benefit 
or harm of intervention. 

90-day mortality. Prone positioning is hypothesized to reduce 90-day mortality. Twenty-eight-day mortality was not analyzed in the original study. 

 

Specify the numerical result being assessed 

In case of multiple alternative analyses being presented, specify the numeric result (e.g. RR = 1.52 (95% CI 0.83 to 2.77) and/or a reference (e.g. to a table, figure or paragraph) 
that uniquely defines the result being assessed. 

Absolute frequency of 90-day mortality (Table S3) 
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Preliminary consideration of confounders 

Complete a row for each important confounding domain (i) listed in the review protocol; and (ii) relevant to the setting of this particular study, or which the study authors 
identified as potentially important. 

“Important” confounding domains are those for which, in the context of this study, adjustment is expected to lead to a clinically important change in the estimated effect of the 
intervention. “Validity” refers to whether the confounding variable or variables fully measure the domain, while “reliability” refers to the precision of the measurement (more 
measurement error means less reliability). 

(i) Confounding domains listed in the review protocol 

Confounding domain Measured variable(s)  Is there evidence that 
controlling for this variable was 
unnecessary?* 

Is the confounding domain 
measured validly and reliably by 
this variable (or these 
variables)? 

OPTIONAL: Is failure to adjust for 
this variable (alone) expected to 
favour the experimental 
intervention or the comparator? 

Patients’ characteristics 
Age, gender, comorbidities, 

severity of critical illness 
No Yes No information 

Etiology of acute hypoxemic 
respiratory failure 

Etiology of acute hypoxemic 
respiratory failure 

No  
 

Severity of acute hypoxemic 
respiratory failure 

Arterial partial pressure of 
oxygen to fraction of inspired 

oxygen ratio 
No  

 

Large-volume (>20 cases 
annually) vs. low-volume (≤20 
cases annually) extracorporeal 

membrane oxygenation 
centers 

Number of extracorporeal 
membrane oxygenation case per 

year 
No  

 

Number of proning cycles 
before cannulation 

Number of proning cycles No  
 

 

(ii) Additional confounding domains relevant to the setting of this particular study, or which the study authors identified as important 

Confounding domain Measured variable(s)  Is there evidence that 
controlling for this variable was 
unnecessary?* 

Is the confounding domain 
measured validly and reliably by 
this variable (or these 
variables)? 

OPTIONAL: Is failure to adjust for 
this variable (alone) expected to 
favour the experimental 
intervention or the comparator? 

208



4 
 

None 
  

  

* In the context of a particular study, variables can be demonstrated not to be confounders and so not included in the analysis: (a) if they are not predictive of the outcome; (b) if they are not predictive of intervention; or (c) because 
adjustment makes no or minimal difference to the estimated effect of the primary parameter. Note that “no statistically significant association” is not the same as “not predictive”.  
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Preliminary consideration of co-interventions 

Complete a row for each important co-intervention (i) listed in the review protocol; and (ii) relevant to the setting of this particular study, or which the study authors identified 
as important. 

“Important” co-interventions are those for which, in the context of this study, adjustment is expected to lead to a clinically important change in the estimated effect of the 
intervention. 

(i) Co-interventions listed in the review protocol 

Co-intervention Is there evidence that controlling for this co-intervention 
was unnecessary (e.g. because it was not administered)? 

Is presence of this co-intervention likely to favour 
outcomes in the experimental intervention or the 
comparator 

No important co-interventions were listed in the review 
protocol 

 
 

 

(ii) Additional co-interventions relevant to the setting of this particular study, or which the study authors identified as important 

Co-intervention Is there evidence that controlling for this co-intervention 
was unnecessary (e.g. because it was not administered)? 

Is presence of this co-intervention likely to favour 
outcomes in the experimental intervention or the 
comparator 

Steroids No No information 

Antibiotics No No information 

Fluid therapy No No information 

Mechanical ventilation settings No No information 

Extracorporeal membrane oxygenation settings No No information 
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Risk of bias assessment  

Responses underlined in green are potential markers for low risk of bias, and responses in red are potential markers for a risk of bias. Where questions relate only to sign 
posts to other questions, no formatting is used. 

 Signalling questions Description Response options 

Bias due to confounding 

 1.1 Is there potential for confounding of the effect of 
intervention in this study? 

If N/PN to 1.1: the study can be considered to be at low 
risk of bias due to confounding and no further signalling 
questions need be considered 

Citation: “Before matching, PP-ECMO patients had significantly higher 
BMIs, lower SAPS II scores, more frequently prone-positioned pre-
ECMO PP, and more frequent viral pneumonia.” 

Y 

If Y/PY to 1.1: determine whether there is a need to 
assess time-varying confounding: 

  

1.2. Was the analysis based on splitting participants’ 
follow up time according to intervention received? 

If N/PN, answer questions relating to baseline 
confounding (1.4 to 1.6)  

If Y/PY, go to question 1.3. 

 N 

1.3. Were intervention discontinuations or switches 
likely to be related to factors that are prognostic for 
the outcome? 

If N/PN, answer questions relating to baseline 
confounding (1.4 to 1.6) 

If Y/PY, answer questions relating to both 
baseline and time-varying confounding (1.7 and 
1.8)  

 NA 
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 Questions relating to baseline confounding only 

1.4. Did the authors use an appropriate analysis 
method that controlled for all the important 
confounding domains? 

The authors used propensity score matching. Citation: “After PS 
matching, the absolute standardized mean difference was less than 0.1 
for all variables except diabetes mellitus.” 

PY 

1.5. If Y/PY to 1.4: Were confounding domains that 
were controlled for measured validly and reliably by 
the variables available in this study? 

 Y 

1.6. Did the authors control for any post-
intervention variables that could have been affected 
by the intervention? 

 N 

 Questions relating to baseline and time-varying confounding  

1.7. Did the authors use an appropriate analysis 
method that controlled for all the important 
confounding domains and for time-varying 
confounding? 

 NA 

1.8. If Y/PY to 1.7: Were confounding domains that 
were controlled for measured validly and reliably by 
the variables available in this study? 

 NA 

 Risk of bias judgement  Moderate 

Optional: What is the predicted direction of bias due to 
confounding? 

 Favours comparator 
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Bias in selection of participants into the study 

 2.1. Was selection of participants into the study (or into 
the analysis) based on participant characteristics 
observed after the start of intervention? 

If N/PN to 2.1: go to 2.4 

Citation: “We retrospectively analyzed the database of our 26-bed ICU 
to identify all severe ARDS patients given VV-ECMO support (January 
2012–2020).” 

N 

2.2. If Y/PY to 2.1: Were the post-intervention 
variables that influenced selection likely to be 
associated with intervention? 

2.3 If Y/PY to 2.2:  Were the post-intervention 
variables that influenced selection likely to be 
influenced by the outcome or a cause of the 
outcome? 

 NA 
 
 

NA 
 

2.4. Do start of follow-up and start of intervention 
coincide for most participants? 

 Y 

2.5. If Y/PY to 2.2 and 2.3, or N/PN to 2.4: Were 
adjustment techniques used that are likely to correct for 
the presence of selection biases? 

 NA 

Risk of bias judgement  Low 

Optional: What is the predicted direction of bias due to 
selection of participants into the study? 

 Unpredictable 

 

Bias in classification of interventions  

 3.1 Were intervention groups clearly defined?  Citation: “we report the characteristics and outcomes of our ECMO-
treated ARDS patients according to concomitant PP use or not.” 

Y 

3.2 Was the information used to define intervention 
groups recorded at the start of the intervention? 

 Y 

3.3 Could classification of intervention status have 
been affected by knowledge of the outcome or risk 
of the outcome? 

 N 

Risk of bias judgement  Low 

Optional: What is the predicted direction of bias due 
to classification of interventions? 

 Unpredictable 
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Bias due to deviations from intended interventions 

 If your aim for this study is to assess the effect of assignment to intervention, answer questions 4.1 and 4.2  

4.1. Were there deviations from the intended 
intervention beyond what would be expected in 
usual practice? 

 PN 

4.2. If Y/PY to 4.1: Were these deviations from 
intended intervention unbalanced between groups 
and likely to have affected the outcome? 

 NA 

If your aim for this study is to assess the effect of starting and adhering to intervention, answer questions 4.3 to 4.6  

4.3. Were important co-interventions balanced 
across intervention groups? 

 Y / PY / PN / N / NI 

4.4. Was the intervention implemented successfully 
for most participants? 

 Y / PY / PN / N / NI 

4.5. Did study participants adhere to the assigned 
intervention regimen? 

 Y / PY / PN / N / NI 

4.6. If N/PN to 4.3, 4.4 or 4.5: Was an appropriate 
analysis used to estimate the effect of starting and 
adhering to the intervention? 

 NA / Y / PY / PN / N / NI 

Risk of bias judgement  Low 

Optional: What is the predicted direction of bias due 
to deviations from the intended interventions? 

 Unpredictable 
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Bias due to missing data 

 5.1 Were outcome data available for all, or nearly all, 
participants? 

Citation: “Missing data were not imputed to complete the PS.”. However, 
no further description on missing data is provided. 

PY  

5.2 Were participants excluded due to missing data 
on intervention status? 

 NI 
 

5.3 Were participants excluded due to missing data 
on other variables needed for the analysis? 

  
NI 

5.4 If PN/N to 5.1, or Y/PY to 5.2 or 5.3: Are the 
proportion of participants and reasons for missing 
data similar across interventions? 

 NI 

5.5 If PN/N to 5.1, or Y/PY to 5.2 or 5.3: Is there 
evidence that results were robust to the presence of 
missing data? 

 NI 

Risk of bias judgement  Moderate 

Optional: What is the predicted direction of bias due 
to missing data? 

 Unpredictable 

 

Bias in measurement of outcomes  
 6.1 Could the outcome measure have been 

influenced by knowledge of the intervention 
received? 

 N 

6.2 Were outcome assessors aware of the 
intervention received by study participants? 

 PY 

6.3 Were the methods of outcome assessment 
comparable across intervention groups? 

 Y 

6.4 Were any systematic errors in measurement of 
the outcome related to intervention received? 

 N 

Risk of bias judgement  Moderate 

Optional: What is the predicted direction of bias due 
to measurement of outcomes? 

 Unpredictable 
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Bias in selection of the reported result 

 Is the reported effect estimate likely to be selected, 
on the basis of the results, from... 

  

7.1. ... multiple outcome measurements within the 
outcome domain?  

 N 

7.2 ... multiple analyses of the intervention-outcome 
relationship? 

 PN 

7.3 ... different subgroups?  PN 

Risk of bias judgement  Low 

Optional: What is the predicted direction of bias due 
to selection of the reported result? 

 Unpredictable 

 

Overall bias 

 Risk of bias judgement  Moderate 

Optional: What is the overall predicted direction of 
bias for this outcome? 

 Unpredictable 
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The Risk Of Bias In Non-randomized Studies – of Interventions (ROBINS-I) assessment tool  
(version for cohort-type studies) 
Version 19 September 2016 

 

 
This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License. 

 

Raasveld et al., 2022 

ROBINS-I tool (Stage I): At protocol stage  

Specify the review question  

Participants Patients with acute hypoxemic respiratory failure receiving veno-venous extracorporeal membrane oxygenation 

Experimental intervention Prone positioning 

Comparator No prone positioning 

Outcomes 28-day mortality 

 

List the confounding domains relevant to all or most studies 

Patients’ characteristics, etiology of acute hypoxemic respiratory failure, severity of acute hypoxemic respiratory failure, large-volume (>20 cases annually) vs. low-volume 
(≤20 cases annually) extracorporeal membrane oxygenation centers; number of proning cycles 

List co-interventions that could be different between intervention groups and that could impact on outcomes 

Steroids, antibiotics, fluid therapy, mechanical ventilation settings, extracorporeal membrane oxygenation settings 
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ROBINS-I tool (Stage II): For each study 

Specify a target randomized trial specific to the study 

Design Individually randomized 

Participants Patients with acute hypoxemic respiratory failure receiving veno-venous extracorporeal membrane oxygenation 

Experimental intervention Prone positioning 

Comparator No prone positioning 

 

Is your aim for this study…? 

X to assess the effect of assignment to intervention 

 to assess the effect of starting and adhering to intervention 

 

Specify the outcome 

Specify which outcome is being assessed for risk of bias (typically from among those earmarked for the Summary of Findings table). Specify whether this is a proposed benefit 
or harm of intervention. 

28-day mortality. Prone positioning is hypothesized to reduce 28-day mortality. Twenty-eight-day mortality was not analyzed in the original study, but was obtained thanks 
to the correspondence with the authors. 

 

Specify the numerical result being assessed 

In case of multiple alternative analyses being presented, specify the numeric result (e.g. RR = 1.52 (95% CI 0.83 to 2.77) and/or a reference (e.g. to a table, figure or paragraph) 
that uniquely defines the result being assessed. 

Correspondence with the authors. 
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Preliminary consideration of confounders 

Complete a row for each important confounding domain (i) listed in the review protocol; and (ii) relevant to the setting of this particular study, or which the study authors 
identified as potentially important. 

“Important” confounding domains are those for which, in the context of this study, adjustment is expected to lead to a clinically important change in the estimated effect of the 
intervention. “Validity” refers to whether the confounding variable or variables fully measure the domain, while “reliability” refers to the precision of the measurement (more 
measurement error means less reliability). 

(i) Confounding domains listed in the review protocol 

Confounding domain Measured variable(s)  Is there evidence that 
controlling for this variable was 
unnecessary?* 

Is the confounding domain 
measured validly and reliably by 
this variable (or these 
variables)? 

OPTIONAL: Is failure to adjust for 
this variable (alone) expected to 
favour the experimental 
intervention or the comparator? 

Patients’ characteristics 
Age, gender, comorbidities, 

severity of critical illness 
No Yes No information 

Etiology of acute hypoxemic 
respiratory failure 

Etiology of acute hypoxemic 
respiratory failure 

No  
 

Severity of acute hypoxemic 
respiratory failure 

Arterial partial pressure of 
oxygen to fraction of inspired 

oxygen ratio 
No  

 

Large-volume (>20 cases 
annually) vs. low-volume (≤20 
cases annually) extracorporeal 

membrane oxygenation 
centers 

Number of extracorporeal 
membrane oxygenation case per 

year 
No  

 

Number of proning cycles 
before cannulation 

Number of proning cycles No  
 

 

(ii) Additional confounding domains relevant to the setting of this particular study, or which the study authors identified as important 

Confounding domain Measured variable(s)  Is there evidence that 
controlling for this variable was 
unnecessary?* 

Is the confounding domain 
measured validly and reliably by 
this variable (or these 
variables)? 

OPTIONAL: Is failure to adjust for 
this variable (alone) expected to 
favour the experimental 
intervention or the comparator? 
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None 
  

  

* In the context of a particular study, variables can be demonstrated not to be confounders and so not included in the analys is: (a) if they are not predictive of the outcome; (b) if they are not predictive of intervention; or (c) because 
adjustment makes no or minimal difference to the estimated effect of the primary parameter. Note that “no statistically significant association” is not the same as “not predictive”.  
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Preliminary consideration of co-interventions 

Complete a row for each important co-intervention (i) listed in the review protocol; and (ii) relevant to the setting of this particular study, or which the study authors identified 
as important. 

“Important” co-interventions are those for which, in the context of this study, adjustment is expected to lead to a clinically important change in the estimated effect of the 
intervention. 

(i) Co-interventions listed in the review protocol 

Co-intervention Is there evidence that controlling for this co-intervention 
was unnecessary (e.g. because it was not administered)? 

Is presence of this co-intervention likely to favour 
outcomes in the experimental intervention or the 
comparator 

No important co-interventions were listed in the review 
protocol 

 
 

 

(ii) Additional co-interventions relevant to the setting of this particular study, or which the study authors identified as important 

Co-intervention Is there evidence that controlling for this co-intervention 
was unnecessary (e.g. because it was not administered)? 

Is presence of this co-intervention likely to favour 
outcomes in the experimental intervention or the 
comparator 

Steroids No No information 

Antibiotics No No information 

Fluid therapy No No information 

Mechanical ventilation settings No No information 

Extracorporeal membrane oxygenation settings No No information 
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Risk of bias assessment  

Responses underlined in green are potential markers for low risk of bias, and responses in red are potential markers for a risk of bias. Where questions relate only to sign 
posts to other questions, no formatting is used. 

 Signalling questions Description Response options 

Bias due to confounding 

 1.1 Is there potential for confounding of the effect of 
intervention in this study? 

If N/PN to 1.1: the study can be considered to be at low 
risk of bias due to confounding and no further signalling 
questions need be considered 

The experimental and control subgroups were not compared in the 
original study. The outcome data were derived from the 
correspondence with the authors. However, the baseline characteristics 
of the subgroups were not described. 

PY 

If Y/PY to 1.1: determine whether there is a need to 
assess time-varying confounding: 

  

1.2. Was the analysis based on splitting participants’ 
follow up time according to intervention received? 

If N/PN, answer questions relating to baseline 
confounding (1.4 to 1.6)  

If Y/PY, go to question 1.3. 

 N 

1.3. Were intervention discontinuations or switches 
likely to be related to factors that are prognostic for 
the outcome? 

If N/PN, answer questions relating to baseline 
confounding (1.4 to 1.6) 

If Y/PY, answer questions relating to both 
baseline and time-varying confounding (1.7 and 
1.8)  

 NA 
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 Questions relating to baseline confounding only 

1.4. Did the authors use an appropriate analysis 
method that controlled for all the important 
confounding domains? 

 PN 

1.5. If Y/PY to 1.4: Were confounding domains that 
were controlled for measured validly and reliably by 
the variables available in this study? 

 NA 

1.6. Did the authors control for any post-
intervention variables that could have been affected 
by the intervention? 

 NI 

 Questions relating to baseline and time-varying confounding  

1.7. Did the authors use an appropriate analysis 
method that controlled for all the important 
confounding domains and for time-varying 
confounding? 

 NA 

1.8. If Y/PY to 1.7: Were confounding domains that 
were controlled for measured validly and reliably by 
the variables available in this study? 

 NA 

 Risk of bias judgement  Serious 

Optional: What is the predicted direction of bias due to 
confounding? 

 Unpredictable 
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Bias in selection of participants into the study 

 2.1. Was selection of participants into the study (or into 
the analysis) based on participant characteristics 
observed after the start of intervention? 

If N/PN to 2.1: go to 2.4 

Citation: “This retrospective study consisted of two cohorts: a COVID-19 
cohort and a non-COVID-19 cohort. Patients were included if they were 
18 years old or older and received VV ECMO during ICU ad- mission. In 
the COVID-19 cohort, patients were included if they were admitted to 
one of the par- ticipating ICUs between March 2020 and December 
2020 and had a polymerase chain reaction-proven severe acute 
respiratory syndrome coronavirus 2 infection. 

N 

2.2. If Y/PY to 2.1: Were the post-intervention 
variables that influenced selection likely to be 
associated with intervention? 

2.3 If Y/PY to 2.2:  Were the post-intervention 
variables that influenced selection likely to be 
influenced by the outcome or a cause of the 
outcome? 

 NA 
 
 

NA 
 

2.4. Do start of follow-up and start of intervention 
coincide for most participants? 

 Y 

2.5. If Y/PY to 2.2 and 2.3, or N/PN to 2.4: Were 
adjustment techniques used that are likely to correct for 
the presence of selection biases? 

 NA 

Risk of bias judgement  Low 

Optional: What is the predicted direction of bias due to 
selection of participants into the study? 

 Unpredictable 
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Bias in classification of interventions  

 3.1 Were intervention groups clearly defined?  The intervention groups were not defined in the study methods, as 
participants were not analyzed according to the prone positioning vs. no 
prone positioning characteristic. 

N 

3.2 Was the information used to define intervention 
groups recorded at the start of the intervention? 

 NI 

3.3 Could classification of intervention status have 
been affected by knowledge of the outcome or risk 
of the outcome? 

 PN 

Risk of bias judgement  Moderate 

Optional: What is the predicted direction of bias due 
to classification of interventions? 

 Unpredictable 

 

Bias due to deviations from intended interventions 

 If your aim for this study is to assess the effect of assignment to intervention, answer questions 4.1 and 4.2  

4.1. Were there deviations from the intended 
intervention beyond what would be expected in 
usual practice? 

 NI 

4.2. If Y/PY to 4.1: Were these deviations from 
intended intervention unbalanced between groups 
and likely to have affected the outcome? 

 NA 

If your aim for this study is to assess the effect of starting and adhering to intervention, answer questions 4.3 to 4.6  

4.3. Were important co-interventions balanced 
across intervention groups? 

 Y / PY / PN / N / NI 

4.4. Was the intervention implemented successfully 
for most participants? 

 Y / PY / PN / N / NI 

4.5. Did study participants adhere to the assigned 
intervention regimen? 

 Y / PY / PN / N / NI 

4.6. If N/PN to 4.3, 4.4 or 4.5: Was an appropriate 
analysis used to estimate the effect of starting and 
adhering to the intervention? 

 NA / Y / PY / PN / N / NI 

Risk of bias judgement  Moderate 

Optional: What is the predicted direction of bias due 
to deviations from the intended interventions? 

 Unpredictable 
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Bias due to missing data 

 5.1 Were outcome data available for all, or nearly all, 
participants? 

Citation: “the overall percentage of missing data within all variables was 
less than 5%” 

PY 

5.2 Were participants excluded due to missing data 
on intervention status? 

 NI 

5.3 Were participants excluded due to missing data 
on other variables needed for the analysis? 

  
PN 

5.4 If PN/N to 5.1, or Y/PY to 5.2 or 5.3: Are the 
proportion of participants and reasons for missing 
data similar across interventions? 

 NA 

5.5 If PN/N to 5.1, or Y/PY to 5.2 or 5.3: Is there 
evidence that results were robust to the presence of 
missing data? 

 NA 

Risk of bias judgement  Low 

Optional: What is the predicted direction of bias due 
to missing data? 

 Unpredictable 

 

Bias in measurement of outcomes  
 6.1 Could the outcome measure have been 

influenced by knowledge of the intervention 
received? 

 N 

6.2 Were outcome assessors aware of the 
intervention received by study participants? 

 PY 

6.3 Were the methods of outcome assessment 
comparable across intervention groups? 

 Y 

6.4 Were any systematic errors in measurement of 
the outcome related to intervention received? 

 N 

Risk of bias judgement  Moderate 

Optional: What is the predicted direction of bias due 
to measurement of outcomes? 

 Unpredictable 
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Bias in selection of the reported result 

 Is the reported effect estimate likely to be selected, 
on the basis of the results, from... 

  

7.1. ... multiple outcome measurements within the 
outcome domain?  

 N 

7.2 ... multiple analyses of the intervention-outcome 
relationship? 

 PN 

7.3 ... different subgroups?  PN 

Risk of bias judgement  Low 

Optional: What is the predicted direction of bias due 
to selection of the reported result? 

 Unpredictable 

 

Overall bias 

 Risk of bias judgement  Serious 

Optional: What is the overall predicted direction of 
bias for this outcome? 

 Unpredictable 
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The Risk Of Bias In Non-randomized Studies – of Interventions (ROBINS-I) assessment tool  
(version for cohort-type studies) 
Version 19 September 2016 

 

 
This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License. 

 

Adelsten et al., 2023 

ROBINS-I tool (Stage I): At protocol stage  

Specify the review question  

Participants Patients with acute hypoxemic respiratory failure receiving veno-venous extracorporeal membrane oxygenation 

Experimental intervention Prone positioning 

Comparator No prone positioning 

Outcomes 28-day mortality 

 

List the confounding domains relevant to all or most studies 

Patients’ characteristics, etiology of acute hypoxemic respiratory failure, severity of acute hypoxemic respiratory failure, large-volume (>20 cases annually) vs. low-volume 
(≤20 cases annually) extracorporeal membrane oxygenation centers; number of proning cycles 

List co-interventions that could be different between intervention groups and that could impact on outcomes 

Steroids, antibiotics, fluid therapy, mechanical ventilation settings, extracorporeal membrane oxygenation settings 
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ROBINS-I tool (Stage II): For each study 

Specify a target randomized trial specific to the study 

Design Individually randomized 

Participants Patients with acute hypoxemic respiratory failure receiving veno-venous extracorporeal membrane oxygenation 

Experimental intervention Prone positioning 

Comparator No prone positioning 

 

Is your aim for this study…? 

X to assess the effect of assignment to intervention 

 to assess the effect of starting and adhering to intervention 

 

Specify the outcome 

Specify which outcome is being assessed for risk of bias (typically from among those earmarked for the Summary of Findings table). Specify whether this is a proposed benefit 
or harm of intervention. 

28-day mortality. Prone positioning is hypothesized to reduce 28-day mortality. Twenty-eight-day mortality was not analyzed in the original study, but was provided by the 
authors. 

 

Specify the numerical result being assessed 

In case of multiple alternative analyses being presented, specify the numeric result (e.g. RR = 1.52 (95% CI 0.83 to 2.77) and/or a reference (e.g. to a table, figure or paragraph) 
that uniquely defines the result being assessed. 

Absolute frequency of 28-day mortality (authors’ correspondence) 
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Preliminary consideration of confounders 

Complete a row for each important confounding domain (i) listed in the review protocol; and (ii) relevant to the setting of this particular study, or which the study authors 
identified as potentially important. 

“Important” confounding domains are those for which, in the context of this study, adjustment is expected to lead to a clinically important change in the estimated effect of the 
intervention. “Validity” refers to whether the confounding variable or variables fully measure the domain, while “reliability” refers to the precision of the measurement (more 
measurement error means less reliability). 

(i) Confounding domains listed in the review protocol 

Confounding domain Measured variable(s)  Is there evidence that 
controlling for this variable was 
unnecessary?* 

Is the confounding domain 
measured validly and reliably by 
this variable (or these 
variables)? 

OPTIONAL: Is failure to adjust for 
this variable (alone) expected to 
favour the experimental 
intervention or the comparator? 

Patients’ characteristics 
Age, gender, comorbidities, 

severity of critical illness 
No Yes No information 

Etiology of acute hypoxemic 
respiratory failure 

Etiology of acute hypoxemic 
respiratory failure 

No  
 

Severity of acute hypoxemic 
respiratory failure 

Arterial partial pressure of 
oxygen to fraction of inspired 

oxygen ratio 
No  

 

Large-volume (>20 cases 
annually) vs. low-volume (≤20 
cases annually) extracorporeal 

membrane oxygenation 
centers 

Number of extracorporeal 
membrane oxygenation case per 

year 
No  

 

Number of proning cycles 
before cannulation 

Number of proning cycles No  
 

 

(ii) Additional confounding domains relevant to the setting of this particular study, or which the study authors identified as important 

Confounding domain Measured variable(s)  Is there evidence that 
controlling for this variable was 
unnecessary?* 

Is the confounding domain 
measured validly and reliably by 
this variable (or these 
variables)? 

OPTIONAL: Is failure to adjust for 
this variable (alone) expected to 
favour the experimental 
intervention or the comparator? 
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None 
  

  

* In the context of a particular study, variables can be demonstrated not to be confounders and so not included in the analys is: (a) if they are not predictive of the outcome; (b) if they are not predictive of intervention; or (c) because 
adjustment makes no or minimal difference to the estimated effect of the primary parameter. Note that “no statistically significant association” is not the same as “not predictive”.  
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Preliminary consideration of co-interventions 

Complete a row for each important co-intervention (i) listed in the review protocol; and (ii) relevant to the setting of this particular study, or which the study authors identified 
as important. 

“Important” co-interventions are those for which, in the context of this study, adjustment is expected to lead to a clinically important change in the estimated effect of the 
intervention. 

(i) Co-interventions listed in the review protocol 

Co-intervention Is there evidence that controlling for this co-intervention 
was unnecessary (e.g. because it was not administered)? 

Is presence of this co-intervention likely to favour 
outcomes in the experimental intervention or the 
comparator 

No important co-interventions were listed in the review 
protocol 

 
 

 

(ii) Additional co-interventions relevant to the setting of this particular study, or which the study authors identified as important 

Co-intervention Is there evidence that controlling for this co-intervention 
was unnecessary (e.g. because it was not administered)? 

Is presence of this co-intervention likely to favour 
outcomes in the experimental intervention or the 
comparator 

Steroids No No information 

Antibiotics No No information 

Fluid therapy No No information 

Mechanical ventilation settings No No information 

Extracorporeal membrane oxygenation settings No No information 
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Risk of bias assessment  

Responses underlined in green are potential markers for low risk of bias, and responses in red are potential markers for a risk of bias. Where questions relate only to sign 
posts to other questions, no formatting is used. 

 Signalling questions Description Response options 

Bias due to confounding 

 1.1 Is there potential for confounding of the effect of 
intervention in this study? 

If N/PN to 1.1: the study can be considered to be at low 
risk of bias due to confounding and no further signalling 
questions need be considered 

The experimental and control subgroups were not compared in the 
original study. Although the corresponding authors did respond to our 
requests, they provided aggregated data, therefore baseline 
characteristics of the subgroups could not be compared. 

PY 

If Y/PY to 1.1: determine whether there is a need to 
assess time-varying confounding: 

  

1.2. Was the analysis based on splitting participants’ 
follow up time according to intervention received? 

If N/PN, answer questions relating to baseline 
confounding (1.4 to 1.6)  

If Y/PY, go to question 1.3. 

 N 

1.3. Were intervention discontinuations or switches 
likely to be related to factors that are prognostic for 
the outcome? 

If N/PN, answer questions relating to baseline 
confounding (1.4 to 1.6) 

If Y/PY, answer questions relating to both 
baseline and time-varying confounding (1.7 and 
1.8)  

 NA 
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 Questions relating to baseline confounding only 

1.4. Did the authors use an appropriate analysis 
method that controlled for all the important 
confounding domains? 

 PN 

1.5. If Y/PY to 1.4: Were confounding domains that 
were controlled for measured validly and reliably by 
the variables available in this study? 

 NA 

1.6. Did the authors control for any post-
intervention variables that could have been affected 
by the intervention? 

 NI 

 Questions relating to baseline and time-varying confounding  

1.7. Did the authors use an appropriate analysis 
method that controlled for all the important 
confounding domains and for time-varying 
confounding? 

 NA 

1.8. If Y/PY to 1.7: Were confounding domains that 
were controlled for measured validly and reliably by 
the variables available in this study? 

 NA 

 Risk of bias judgement  Serious 

Optional: What is the predicted direction of bias due to 
confounding? 

 Unpredictable 
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Bias in selection of participants into the study 

 2.1. Was selection of participants into the study (or into 
the analysis) based on participant characteristics 
observed after the start of intervention? 

If N/PN to 2.1: go to 2.4 

Citation: “We performed a nationwide retrospective cohort study, 
reporting data on adverse events in relation to PPV from all patients in 
Denmark with PCR confirmed SARS-Cov-2 ARDS, supported with V-V 
ECMO.” 

N 

2.2. If Y/PY to 2.1: Were the post-intervention 
variables that influenced selection likely to be 
associated with intervention? 

2.3 If Y/PY to 2.2:  Were the post-intervention 
variables that influenced selection likely to be 
influenced by the outcome or a cause of the 
outcome? 

 NA 
 
 

NA 
 

2.4. Do start of follow-up and start of intervention 
coincide for most participants? 

 Y 

2.5. If Y/PY to 2.2 and 2.3, or N/PN to 2.4: Were 
adjustment techniques used that are likely to correct for 
the presence of selection biases? 

 NA 

Risk of bias judgement  Low 

Optional: What is the predicted direction of bias due to 
selection of participants into the study? 

 Unpredictable 

 

Bias in classification of interventions  

 3.1 Were intervention groups clearly defined?  The intervention groups were not defined in the study methods, as 
participants were not analyzed according to the prone positioning vs. no 
prone positioning characteristic. 

N 

3.2 Was the information used to define intervention 
groups recorded at the start of the intervention? 

 Y 

3.3 Could classification of intervention status have 
been affected by knowledge of the outcome or risk 
of the outcome? 

 N 

Risk of bias judgement  Moderate 

Optional: What is the predicted direction of bias due 
to classification of interventions? 

 Unpredictable 
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Bias due to deviations from intended interventions 

 If your aim for this study is to assess the effect of assignment to intervention, answer questions 4.1 and 4.2  

4.1. Were there deviations from the intended 
intervention beyond what would be expected in 
usual practice? 

 PN 

4.2. If Y/PY to 4.1: Were these deviations from 
intended intervention unbalanced between groups 
and likely to have affected the outcome? 

 NA 

If your aim for this study is to assess the effect of starting and adhering to intervention, answer questions 4.3 to 4.6  

4.3. Were important co-interventions balanced 
across intervention groups? 

 Y / PY / PN / N / NI 

4.4. Was the intervention implemented successfully 
for most participants? 

 Y / PY / PN / N / NI 

4.5. Did study participants adhere to the assigned 
intervention regimen? 

 Y / PY / PN / N / NI 

4.6. If N/PN to 4.3, 4.4 or 4.5: Was an appropriate 
analysis used to estimate the effect of starting and 
adhering to the intervention? 

 NA / Y / PY / PN / N / NI 

Risk of bias judgement  Low 

Optional: What is the predicted direction of bias due 
to deviations from the intended interventions? 

 Unpredictable 
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Bias due to missing data 

 5.1 Were outcome data available for all, or nearly all, 
participants? 

Data available from correspondence with the authors. Y  

5.2 Were participants excluded due to missing data 
on intervention status? 

 PN  

5.3 Were participants excluded due to missing data 
on other variables needed for the analysis? 

  
PN 

5.4 If PN/N to 5.1, or Y/PY to 5.2 or 5.3: Are the 
proportion of participants and reasons for missing 
data similar across interventions? 

 NA 

5.5 If PN/N to 5.1, or Y/PY to 5.2 or 5.3: Is there 
evidence that results were robust to the presence of 
missing data? 

 NA 

Risk of bias judgement  Low 

Optional: What is the predicted direction of bias due 
to missing data? 

 Unpredictable 

 

Bias in measurement of outcomes  
 6.1 Could the outcome measure have been 

influenced by knowledge of the intervention 
received? 

 N 

6.2 Were outcome assessors aware of the 
intervention received by study participants? 

 PY 

6.3 Were the methods of outcome assessment 
comparable across intervention groups? 

 Y 

6.4 Were any systematic errors in measurement of 
the outcome related to intervention received? 

 N 

Risk of bias judgement  Moderate 

Optional: What is the predicted direction of bias due 
to measurement of outcomes? 

 Unpredictable 
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Bias in selection of the reported result 

 Is the reported effect estimate likely to be selected, 
on the basis of the results, from... 

  

7.1. ... multiple outcome measurements within the 
outcome domain?  

 N 

7.2 ... multiple analyses of the intervention-outcome 
relationship? 

 PN 

7.3 ... different subgroups?  PN 

Risk of bias judgement  Low 

Optional: What is the predicted direction of bias due 
to selection of the reported result? 

 Unpredictable 

 

Overall bias 

 Risk of bias judgement  Serious 

Optional: What is the overall predicted direction of 
bias for this outcome? 

 Unpredictable 
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The Risk Of Bias In Non-randomized Studies – of Interventions (ROBINS-I) assessment tool  
(version for cohort-type studies) 
Version 19 September 2016 

 

 
This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License. 

 

Massart et al., 2023 

ROBINS-I tool (Stage I): At protocol stage  

Specify the review question  

Participants Patients with acute hypoxemic respiratory failure receiving veno-venous extracorporeal membrane oxygenation 

Experimental intervention Prone positioning 

Comparator No prone positioning 

Outcomes 28-day mortality 

 

List the confounding domains relevant to all or most studies 

Patients’ characteristics, etiology of acute hypoxemic respiratory failure, severity of acute hypoxemic respiratory failure, large-volume (>20 cases annually) vs. low-volume 
(≤20 cases annually) extracorporeal membrane oxygenation centers; number of proning cycles 

List co-interventions that could be different between intervention groups and that could impact on outcomes 

Steroids, antibiotics, fluid therapy, mechanical ventilation settings, extracorporeal membrane oxygenation settings 
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ROBINS-I tool (Stage II): For each study 

Specify a target randomized trial specific to the study 

Design Individually randomized 

Participants Patients with acute hypoxemic respiratory failure receiving veno-venous extracorporeal membrane oxygenation 

Experimental intervention Prone positioning 

Comparator No prone positioning 

 

Is your aim for this study…? 

X to assess the effect of assignment to intervention 

 to assess the effect of starting and adhering to intervention 

 

Specify the outcome 

Specify which outcome is being assessed for risk of bias (typically from among those earmarked for the Summary of Findings table). Specify whether this is a proposed benefit 
or harm of intervention. 

Hospital mortality. Prone positioning is hypothesized to reduce hospital mortality. Twenty-eight-day mortality was not analyzed in the original study. 

 

Specify the numerical result being assessed 

In case of multiple alternative analyses being presented, specify the numeric result (e.g. RR = 1.52 (95% CI 0.83 to 2.77) and/or a reference (e.g. to a table, figure or paragraph) 
that uniquely defines the result being assessed. 

Absolute frequency of hospital mortality (Table S3) 
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Preliminary consideration of confounders 

Complete a row for each important confounding domain (i) listed in the review protocol; and (ii) relevant to the setting of this particular study, or which the study authors 
identified as potentially important. 

“Important” confounding domains are those for which, in the context of this study, adjustment is expected to lead to a clinically important change in the estimated effect of the 
intervention. “Validity” refers to whether the confounding variable or variables fully measure the domain, while “reliability” refers to the precision of the measurement (more 
measurement error means less reliability). 

(i) Confounding domains listed in the review protocol 

Confounding domain Measured variable(s)  Is there evidence that 
controlling for this variable was 
unnecessary?* 

Is the confounding domain 
measured validly and reliably by 
this variable (or these 
variables)? 

OPTIONAL: Is failure to adjust for 
this variable (alone) expected to 
favour the experimental 
intervention or the comparator? 

Patients’ characteristics 
Age, gender, comorbidities, 

severity of critical illness 
No Yes No information 

Etiology of acute hypoxemic 
respiratory failure 

Etiology of acute hypoxemic 
respiratory failure 

No  
 

Severity of acute hypoxemic 
respiratory failure 

Arterial partial pressure of 
oxygen to fraction of inspired 

oxygen ratio 
No  

 

Large-volume (>20 cases 
annually) vs. low-volume (≤20 
cases annually) extracorporeal 

membrane oxygenation 
centers 

Number of extracorporeal 
membrane oxygenation case per 

year 
No  

 

Number of proning cycles 
before cannulation 

Number of proning cycles No  
 

 

(ii) Additional confounding domains relevant to the setting of this particular study, or which the study authors identified as important 

Confounding domain Measured variable(s)  Is there evidence that 
controlling for this variable was 
unnecessary?* 

Is the confounding domain 
measured validly and reliably by 
this variable (or these 
variables)? 

OPTIONAL: Is failure to adjust for 
this variable (alone) expected to 
favour the experimental 
intervention or the comparator? 
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None 
  

  

* In the context of a particular study, variables can be demonstrated not to be confounders and so not included in the analysis: (a) if they are not predictive of the outcome; (b) if they are not predictive of intervention; or (c) because 
adjustment makes no or minimal difference to the estimated effect of the primary parameter. Note that “no statistically significant association” is not the same as “not predictive”.  
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Preliminary consideration of co-interventions 

Complete a row for each important co-intervention (i) listed in the review protocol; and (ii) relevant to the setting of this particular study, or which the study authors identified 
as important. 

“Important” co-interventions are those for which, in the context of this study, adjustment is expected to lead to a clinically important change in the estimated effect of the 
intervention. 

(i) Co-interventions listed in the review protocol 

Co-intervention Is there evidence that controlling for this co-intervention 
was unnecessary (e.g. because it was not administered)? 

Is presence of this co-intervention likely to favour 
outcomes in the experimental intervention or the 
comparator 

No important co-interventions were listed in the review 
protocol 

 
 

 

(ii) Additional co-interventions relevant to the setting of this particular study, or which the study authors identified as important 

Co-intervention Is there evidence that controlling for this co-intervention 
was unnecessary (e.g. because it was not administered)? 

Is presence of this co-intervention likely to favour 
outcomes in the experimental intervention or the 
comparator 

Steroids No No information 

Antibiotics No No information 

Fluid therapy No No information 

Mechanical ventilation settings No No information 

Extracorporeal membrane oxygenation settings No No information 
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Risk of bias assessment  

Responses underlined in green are potential markers for low risk of bias, and responses in red are potential markers for a risk of bias. Where questions relate only to sign 
posts to other questions, no formatting is used. 

 Signalling questions Description Response options 

Bias due to confounding 

 1.1 Is there potential for confounding of the effect of 
intervention in this study? 

If N/PN to 1.1: the study can be considered to be at low 
risk of bias due to confounding and no further signalling 
questions need be considered 

Although the prone positioning and no prone positioning groups were 
similar according to reported baseline characteristics, we cannot 
exclude the presence of unmeasured confounders. 

PY 

If Y/PY to 1.1: determine whether there is a need to 
assess time-varying confounding: 

  

1.2. Was the analysis based on splitting participants’ 
follow up time according to intervention received? 

If N/PN, answer questions relating to baseline 
confounding (1.4 to 1.6)  

If Y/PY, go to question 1.3. 

 N 

1.3. Were intervention discontinuations or switches 
likely to be related to factors that are prognostic for 
the outcome? 

If N/PN, answer questions relating to baseline 
confounding (1.4 to 1.6) 

If Y/PY, answer questions relating to both 
baseline and time-varying confounding (1.7 and 
1.8)  

 NA 
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 Questions relating to baseline confounding only 

1.4. Did the authors use an appropriate analysis 
method that controlled for all the important 
confounding domains? 

The authors used multivariable logistic regression and propensity score 
matching. 

PY 

1.5. If Y/PY to 1.4: Were confounding domains that 
were controlled for measured validly and reliably by 
the variables available in this study? 

 Y 

1.6. Did the authors control for any post-
intervention variables that could have been affected 
by the intervention? 

 N 

 Questions relating to baseline and time-varying confounding  

1.7. Did the authors use an appropriate analysis 
method that controlled for all the important 
confounding domains and for time-varying 
confounding? 

 NA 

1.8. If Y/PY to 1.7: Were confounding domains that 
were controlled for measured validly and reliably by 
the variables available in this study? 

 NA 

 Risk of bias judgement  Moderate 

Optional: What is the predicted direction of bias due to 
confounding? 

 Favours comparator 
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Bias in selection of participants into the study 

 2.1. Was selection of participants into the study (or into 
the analysis) based on participant characteristics 
observed after the start of intervention? 

If N/PN to 2.1: go to 2.4 

Citation: “For the present study, we analyzed all consecutive patients 
included in the registry up to June 29, 2021, supported by venovenous 
ECMO for respiratory failure, and in whom prone position status while 
on ECMO (yes/no) and hospital mortality were known.” 

N 

2.2. If Y/PY to 2.1: Were the post-intervention 
variables that influenced selection likely to be 
associated with intervention? 

2.3 If Y/PY to 2.2:  Were the post-intervention 
variables that influenced selection likely to be 
influenced by the outcome or a cause of the 
outcome? 

 NA 
 
 

NA 
 

2.4. Do start of follow-up and start of intervention 
coincide for most participants? 

 Y 

2.5. If Y/PY to 2.2 and 2.3, or N/PN to 2.4: Were 
adjustment techniques used that are likely to correct for 
the presence of selection biases? 

 NA 

Risk of bias judgement  Low 

Optional: What is the predicted direction of bias due to 
selection of participants into the study? 

 Unpredictable 

 

Bias in classification of interventions  

 3.1 Were intervention groups clearly defined?  Citation: “After cannulation, 364 patients (70%) were proned at least once, 
while 153 (30%) remained in the supine position for the whole ECMO run.” 

Y 

3.2 Was the information used to define intervention 
groups recorded at the start of the intervention? 

 Y 

3.3 Could classification of intervention status have 
been affected by knowledge of the outcome or risk 
of the outcome? 

 N 

Risk of bias judgement  Low 

Optional: What is the predicted direction of bias due 
to classification of interventions? 

 Unpredictable 
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Bias due to deviations from intended interventions 

 If your aim for this study is to assess the effect of assignment to intervention, answer questions 4.1 and 4.2  

4.1. Were there deviations from the intended 
intervention beyond what would be expected in 
usual practice? 

 PN 

4.2. If Y/PY to 4.1: Were these deviations from 
intended intervention unbalanced between groups 
and likely to have affected the outcome? 

 NA 

If your aim for this study is to assess the effect of starting and adhering to intervention, answer questions 4.3 to 4.6  

4.3. Were important co-interventions balanced 
across intervention groups? 

 Y / PY / PN / N / NI 

4.4. Was the intervention implemented successfully 
for most participants? 

 Y / PY / PN / N / NI 

4.5. Did study participants adhere to the assigned 
intervention regimen? 

 Y / PY / PN / N / NI 

4.6. If N/PN to 4.3, 4.4 or 4.5: Was an appropriate 
analysis used to estimate the effect of starting and 
adhering to the intervention? 

 NA / Y / PY / PN / N / NI 

Risk of bias judgement  Low 

Optional: What is the predicted direction of bias due 
to deviations from the intended interventions? 

 Unpredictable 
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Bias due to missing data 

 5.1 Were outcome data available for all, or nearly all, 
participants? 

Citation: “143 (28%) patients had missing data”. N 

5.2 Were participants excluded due to missing data 
on intervention status? 

 NI 
 

5.3 Were participants excluded due to missing data 
on other variables needed for the analysis? 

  
NI 

5.4 If PN/N to 5.1, or Y/PY to 5.2 or 5.3: Are the 
proportion of participants and reasons for missing 
data similar across interventions? 

 NI 

5.5 If PN/N to 5.1, or Y/PY to 5.2 or 5.3: Is there 
evidence that results were robust to the presence of 
missing data? 

No sensitivity analyses with multiple imputations replacing missing data 
were used. 

NI 

Risk of bias judgement  Serious 

Optional: What is the predicted direction of bias due 
to missing data? 

 Unpredictable 

 

Bias in measurement of outcomes  
 6.1 Could the outcome measure have been 

influenced by knowledge of the intervention 
received? 

 N 

6.2 Were outcome assessors aware of the 
intervention received by study participants? 

 PY 

6.3 Were the methods of outcome assessment 
comparable across intervention groups? 

 Y 

6.4 Were any systematic errors in measurement of 
the outcome related to intervention received? 

 N 

Risk of bias judgement  Moderate 

Optional: What is the predicted direction of bias due 
to measurement of outcomes? 

 Unpredictable 
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Bias in selection of the reported result 

 Is the reported effect estimate likely to be selected, 
on the basis of the results, from... 

  

7.1. ... multiple outcome measurements within the 
outcome domain?  

 N 

7.2 ... multiple analyses of the intervention-outcome 
relationship? 

 PN 

7.3 ... different subgroups?  PN 

Risk of bias judgement  Low 

Optional: What is the predicted direction of bias due 
to selection of the reported result? 

 Unpredictable 

 

Overall bias 

 Risk of bias judgement  Serious 

Optional: What is the overall predicted direction of 
bias for this outcome? 

 Unpredictable 
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The Risk Of Bias In Non-randomized Studies – of Interventions (ROBINS-I) assessment tool  
(version for cohort-type studies) 
Version 19 September 2016 

 

 
This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License. 

 

Giani et al., 2023 

 

ROBINS-I tool (Stage I): At protocol stage  

Specify the review question  

Participants Patients with acute hypoxemic respiratory failure receiving veno-venous extracorporeal membrane oxygenation 

Experimental intervention Prone positioning 

Comparator No prone positioning 

Outcomes 28-day mortality 

 

List the confounding domains relevant to all or most studies 

Patients’ characteristics, etiology of acute hypoxemic respiratory failure, severity of acute hypoxemic respiratory failure, large-volume (>20 cases annually) vs. low-volume 
(≤20 cases annually) extracorporeal membrane oxygenation centers; number of proning cycles 

List co-interventions that could be different between intervention groups and that could impact on outcomes 

Steroids, antibiotics, fluid therapy, mechanical ventilation settings, extracorporeal membrane oxygenation settings 
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ROBINS-I tool (Stage II): For each study 

Specify a target randomized trial specific to the study 

Design Individually randomized 

Participants Patients with acute hypoxemic respiratory failure receiving veno-venous extracorporeal membrane oxygenation 

Experimental intervention Prone positioning 

Comparator No prone positioning 

 

Is your aim for this study…? 

X to assess the effect of assignment to intervention 

 to assess the effect of starting and adhering to intervention 

 

Specify the outcome 

Specify which outcome is being assessed for risk of bias (typically from among those earmarked for the Summary of Findings table). Specify whether this is a proposed benefit 
or harm of intervention. 

28-day mortality. Prone positioning is hypothesized to reduce 28-day mortality. Twenty-eight-day mortality was not analyzed in the original study, but was obtained thanks 
to the correspondence with the authors. 

 

Specify the numerical result being assessed 

In case of multiple alternative analyses being presented, specify the numeric result (e.g. RR = 1.52 (95% CI 0.83 to 2.77) and/or a reference (e.g. to a table, figure or paragraph) 
that uniquely defines the result being assessed. 

Correspondence with the authors. 
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Preliminary consideration of confounders 

Complete a row for each important confounding domain (i) listed in the review protocol; and (ii) relevant to the setting of this particular study, or which the study authors 
identified as potentially important. 

“Important” confounding domains are those for which, in the context of this study, adjustment is expected to lead to a clinically important change in the estimated effect of the 
intervention. “Validity” refers to whether the confounding variable or variables fully measure the domain, while “reliability” refers to the precision of the measurement (more 
measurement error means less reliability). 

(i) Confounding domains listed in the review protocol 

Confounding domain Measured variable(s)  Is there evidence that 
controlling for this variable was 
unnecessary?* 

Is the confounding domain 
measured validly and reliably by 
this variable (or these 
variables)? 

OPTIONAL: Is failure to adjust for 
this variable (alone) expected to 
favour the experimental 
intervention or the comparator? 

Patients’ characteristics 
Age, gender, comorbidities, 

severity of critical illness 
No Yes No information 

Etiology of acute hypoxemic 
respiratory failure 

Etiology of acute hypoxemic 
respiratory failure 

No  
 

Severity of acute hypoxemic 
respiratory failure 

Arterial partial pressure of 
oxygen to fraction of inspired 

oxygen ratio 
No  

 

Large-volume (>20 cases 
annually) vs. low-volume (≤20 
cases annually) extracorporeal 

membrane oxygenation 
centers 

Number of extracorporeal 
membrane oxygenation case per 

year 
No  

 

Number of proning cycles 
before cannulation 

Number of proning cycles No  
 

 

(ii) Additional confounding domains relevant to the setting of this particular study, or which the study authors identified as important 

Confounding domain Measured variable(s)  Is there evidence that 
controlling for this variable was 
unnecessary?* 

Is the confounding domain 
measured validly and reliably by 
this variable (or these 
variables)? 

OPTIONAL: Is failure to adjust for 
this variable (alone) expected to 
favour the experimental 
intervention or the comparator? 
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None 
  

  

* In the context of a particular study, variables can be demonstrated not to be confounders and so not included in the analys is: (a) if they are not predictive of the outcome; (b) if they are not predictive of intervention; or (c) because 
adjustment makes no or minimal difference to the estimated effect of the primary parameter. Note that “no statistically significant association” is not the same as “not predictive”.  
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Preliminary consideration of co-interventions 

Complete a row for each important co-intervention (i) listed in the review protocol; and (ii) relevant to the setting of this particular study, or which the study authors identified 
as important. 

“Important” co-interventions are those for which, in the context of this study, adjustment is expected to lead to a clinically important change in the estimated effect of the 
intervention. 

(i) Co-interventions listed in the review protocol 

Co-intervention Is there evidence that controlling for this co-intervention 
was unnecessary (e.g. because it was not administered)? 

Is presence of this co-intervention likely to favour 
outcomes in the experimental intervention or the 
comparator 

No important co-interventions were listed in the review 
protocol 

 
 

 

(ii) Additional co-interventions relevant to the setting of this particular study, or which the study authors identified as important 

Co-intervention Is there evidence that controlling for this co-intervention 
was unnecessary (e.g. because it was not administered)? 

Is presence of this co-intervention likely to favour 
outcomes in the experimental intervention or the 
comparator 

Steroids No No information 

Antibiotics No No information 

Fluid therapy No No information 

Mechanical ventilation settings No No information 

Extracorporeal membrane oxygenation settings No No information 
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Risk of bias assessment  

Responses underlined in green are potential markers for low risk of bias, and responses in red are potential markers for a risk of bias. Where questions relate only to sign 
posts to other questions, no formatting is used. 

 Signalling questions Description Response options 

Bias due to confounding 

 1.1 Is there potential for confounding of the effect of 
intervention in this study? 

If N/PN to 1.1: the study can be considered to be at low 
risk of bias due to confounding and no further signalling 
questions need be considered 

The experimental and control subgroups were not compared in the 
original study. The outcome data were derived from the 
correspondence with the authors. However, the baseline characteristics 
of the subgroups were not described. 

PY 

If Y/PY to 1.1: determine whether there is a need to 
assess time-varying confounding: 

  

1.2. Was the analysis based on splitting participants’ 
follow up time according to intervention received? 

If N/PN, answer questions relating to baseline 
confounding (1.4 to 1.6)  

If Y/PY, go to question 1.3. 

 N 

1.3. Were intervention discontinuations or switches 
likely to be related to factors that are prognostic for 
the outcome? 

If N/PN, answer questions relating to baseline 
confounding (1.4 to 1.6) 

If Y/PY, answer questions relating to both 
baseline and time-varying confounding (1.7 and 
1.8)  

 NA 
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 Questions relating to baseline confounding only 

1.4. Did the authors use an appropriate analysis 
method that controlled for all the important 
confounding domains? 

 PN 

1.5. If Y/PY to 1.4: Were confounding domains that 
were controlled for measured validly and reliably by 
the variables available in this study? 

 NA 

1.6. Did the authors control for any post-
intervention variables that could have been affected 
by the intervention? 

 NI 

 Questions relating to baseline and time-varying confounding  

1.7. Did the authors use an appropriate analysis 
method that controlled for all the important 
confounding domains and for time-varying 
confounding? 

 NA 

1.8. If Y/PY to 1.7: Were confounding domains that 
were controlled for measured validly and reliably by 
the variables available in this study? 

 NA 

 Risk of bias judgement  Serious 

Optional: What is the predicted direction of bias due to 
confounding? 

 Unpredictable 
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Bias in selection of participants into the study 

 2.1. Was selection of participants into the study (or into 
the analysis) based on participant characteristics 
observed after the start of intervention? 

If N/PN to 2.1: go to 2.4 

Citation: “2022. We included patients with a diagnosis of COVID-19– 
related ARDS treated with V-V ECMO support. Patients with other 
ECMO configurations were excluded. 2022. We included patients with a 
diagnosis of COVID-19–related ARDS treated with V-V ECMO support. 
Patients with other ECMO configurations were excluded.” 

N 

2.2. If Y/PY to 2.1: Were the post-intervention 
variables that influenced selection likely to be 
associated with intervention? 

2.3 If Y/PY to 2.2:  Were the post-intervention 
variables that influenced selection likely to be 
influenced by the outcome or a cause of the 
outcome? 

 NA 
 
 

NA 
 

2.4. Do start of follow-up and start of intervention 
coincide for most participants? 

 Y 

2.5. If Y/PY to 2.2 and 2.3, or N/PN to 2.4: Were 
adjustment techniques used that are likely to correct for 
the presence of selection biases? 

 NA 

Risk of bias judgement  Low 

Optional: What is the predicted direction of bias due to 
selection of participants into the study? 

 Unpredictable 

 

Bias in classification of interventions  

 3.1 Were intervention groups clearly defined?  The intervention groups were not defined in the study methods, as 
participants were not analyzed according to the prone positioning vs. no 
prone positioning characteristic. 

N 

3.2 Was the information used to define intervention 
groups recorded at the start of the intervention? 

 NI 

3.3 Could classification of intervention status have 
been affected by knowledge of the outcome or risk 
of the outcome? 

 PN 

Risk of bias judgement  Moderate 

Optional: What is the predicted direction of bias due 
to classification of interventions? 

 Unpredictable 
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Bias due to deviations from intended interventions 

 If your aim for this study is to assess the effect of assignment to intervention, answer questions 4.1 and 4.2  

4.1. Were there deviations from the intended 
intervention beyond what would be expected in 
usual practice? 

 NI 

4.2. If Y/PY to 4.1: Were these deviations from 
intended intervention unbalanced between groups 
and likely to have affected the outcome? 

 NA 

If your aim for this study is to assess the effect of starting and adhering to intervention, answer questions 4.3 to 4.6  

4.3. Were important co-interventions balanced 
across intervention groups? 

 Y / PY / PN / N / NI 

4.4. Was the intervention implemented successfully 
for most participants? 

 Y / PY / PN / N / NI 

4.5. Did study participants adhere to the assigned 
intervention regimen? 

 Y / PY / PN / N / NI 

4.6. If N/PN to 4.3, 4.4 or 4.5: Was an appropriate 
analysis used to estimate the effect of starting and 
adhering to the intervention? 

 NA / Y / PY / PN / N / NI 

Risk of bias judgement  Moderate 

Optional: What is the predicted direction of bias due 
to deviations from the intended interventions? 

 Unpredictable 
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Bias due to missing data 

 5.1 Were outcome data available for all, or nearly all, 
participants? 

 PY 

5.2 Were participants excluded due to missing data 
on intervention status? 

 NI 

5.3 Were participants excluded due to missing data 
on other variables needed for the analysis? 

  
PN 

5.4 If PN/N to 5.1, or Y/PY to 5.2 or 5.3: Are the 
proportion of participants and reasons for missing 
data similar across interventions? 

 NA 

5.5 If PN/N to 5.1, or Y/PY to 5.2 or 5.3: Is there 
evidence that results were robust to the presence of 
missing data? 

 NA 

Risk of bias judgement  Low 

Optional: What is the predicted direction of bias due 
to missing data? 

 Unpredictable 

 

Bias in measurement of outcomes  
 6.1 Could the outcome measure have been 

influenced by knowledge of the intervention 
received? 

 N 

6.2 Were outcome assessors aware of the 
intervention received by study participants? 

 PY 

6.3 Were the methods of outcome assessment 
comparable across intervention groups? 

 Y 

6.4 Were any systematic errors in measurement of 
the outcome related to intervention received? 

 N 

Risk of bias judgement  Moderate 

Optional: What is the predicted direction of bias due 
to measurement of outcomes? 

 Unpredictable 
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Bias in selection of the reported result 

 Is the reported effect estimate likely to be selected, 
on the basis of the results, from... 

  

7.1. ... multiple outcome measurements within the 
outcome domain?  

 N 

7.2 ... multiple analyses of the intervention-outcome 
relationship? 

 PN 

7.3 ... different subgroups?  PN 

Risk of bias judgement  Low 

Optional: What is the predicted direction of bias due 
to selection of the reported result? 

 Unpredictable 

 

Overall bias 

 Risk of bias judgement  Serious 

Optional: What is the overall predicted direction of 
bias for this outcome? 

 Unpredictable 
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The Risk Of Bias In Non-randomized Studies – of Interventions (ROBINS-I) assessment tool  
(version for cohort-type studies) 
Version 19 September 2016 

 

 
This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License. 

 

Wang et al., 2024 

ROBINS-I tool (Stage I): At protocol stage  

Specify the review question  

Participants Patients with acute hypoxemic respiratory failure receiving veno-venous extracorporeal membrane oxygenation 

Experimental intervention Prone positioning 

Comparator No prone positioning 

Outcomes 28-day mortality 

 

List the confounding domains relevant to all or most studies 

Patients’ characteristics, etiology of acute hypoxemic respiratory failure, severity of acute hypoxemic respiratory failure, large-volume (>20 cases annually) vs. low-volume 
(≤20 cases annually) extracorporeal membrane oxygenation centers; number of proning cycles 

List co-interventions that could be different between intervention groups and that could impact on outcomes 

Steroids, antibiotics, fluid therapy, mechanical ventilation settings, extracorporeal membrane oxygenation settings 
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ROBINS-I tool (Stage II): For each study 

Specify a target randomized trial specific to the study 

Design Individually randomized 

Participants Patients with acute hypoxemic respiratory failure receiving veno-venous extracorporeal membrane oxygenation 

Experimental intervention Prone positioning 

Comparator No prone positioning 

 

Is your aim for this study…? 

X to assess the effect of assignment to intervention 

 to assess the effect of starting and adhering to intervention 

 

Specify the outcome 

Specify which outcome is being assessed for risk of bias (typically from among those earmarked for the Summary of Findings table). Specify whether this is a proposed benefit 
or harm of intervention. 

60-day mortality. Prone positioning is hypothesized to reduce 60-day mortality. Twenty-eight-day mortality was not analyzed in the original study. 

 

Specify the numerical result being assessed 

In case of multiple alternative analyses being presented, specify the numeric result (e.g. RR = 1.52 (95% CI 0.83 to 2.77) and/or a reference (e.g. to a table, figure or paragraph) 
that uniquely defines the result being assessed. 

Absolute frequency of 60-day mortality in the unmatched cohorts (Table 2) and in the propensity score matching analysis (Table 5) 
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Preliminary consideration of confounders 

Complete a row for each important confounding domain (i) listed in the review protocol; and (ii) relevant to the setting of this particular study, or which the study authors 
identified as potentially important. 

“Important” confounding domains are those for which, in the context of this study, adjustment is expected to lead to a clinically important change in the estimated effect of the 
intervention. “Validity” refers to whether the confounding variable or variables fully measure the domain, while “reliability” refers to the precision of the measurement (more 
measurement error means less reliability). 

(i) Confounding domains listed in the review protocol 

Confounding domain Measured variable(s)  Is there evidence that 
controlling for this variable was 
unnecessary?* 

Is the confounding domain 
measured validly and reliably by 
this variable (or these 
variables)? 

OPTIONAL: Is failure to adjust for 
this variable (alone) expected to 
favour the experimental 
intervention or the comparator? 

Patients’ characteristics 
Age, gender, comorbidities, 

severity of critical illness 
No Yes No information 

Etiology of acute hypoxemic 
respiratory failure 

Etiology of acute hypoxemic 
respiratory failure 

No  
 

Severity of acute hypoxemic 
respiratory failure 

Arterial partial pressure of 
oxygen to fraction of inspired 

oxygen ratio 
No  

 

Large-volume (>20 cases 
annually) vs. low-volume (≤20 
cases annually) extracorporeal 

membrane oxygenation 
centers 

Number of extracorporeal 
membrane oxygenation case per 

year 
No  

 

Number of proning cycles 
before cannulation 

Number of proning cycles No  
 

 

(ii) Additional confounding domains relevant to the setting of this particular study, or which the study authors identified as important 

Confounding domain Measured variable(s)  Is there evidence that 
controlling for this variable was 
unnecessary?* 

Is the confounding domain 
measured validly and reliably by 
this variable (or these 
variables)? 

OPTIONAL: Is failure to adjust for 
this variable (alone) expected to 
favour the experimental 
intervention or the comparator? 
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None 
  

  

* In the context of a particular study, variables can be demonstrated not to be confounders and so not included in the analysis: (a) if they are not predictive of the outcome; (b) if they are not predictive of intervention; or (c) because 
adjustment makes no or minimal difference to the estimated effect of the primary parameter. Note that “no statistically significant association” is not the same as “not predictive”.  
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Preliminary consideration of co-interventions 

Complete a row for each important co-intervention (i) listed in the review protocol; and (ii) relevant to the setting of this particular study, or which the study authors identified 
as important. 

“Important” co-interventions are those for which, in the context of this study, adjustment is expected to lead to a clinically important change in the estimated effect of the 
intervention. 

(i) Co-interventions listed in the review protocol 

Co-intervention Is there evidence that controlling for this co-intervention 
was unnecessary (e.g. because it was not administered)? 

Is presence of this co-intervention likely to favour 
outcomes in the experimental intervention or the 
comparator 

No important co-interventions were listed in the review 
protocol 

 
 

 

(ii) Additional co-interventions relevant to the setting of this particular study, or which the study authors identified as important 

Co-intervention Is there evidence that controlling for this co-intervention 
was unnecessary (e.g. because it was not administered)? 

Is presence of this co-intervention likely to favour 
outcomes in the experimental intervention or the 
comparator 

Steroids No No information 

Antibiotics No No information 

Fluid therapy No No information 

Mechanical ventilation settings No No information 

Extracorporeal membrane oxygenation settings No No information 

  

265



6 
 

Risk of bias assessment  

Responses underlined in green are potential markers for low risk of bias, and responses in red are potential markers for a risk of bias. Where questions relate only to sign 
posts to other questions, no formatting is used. 

 Signalling questions Description Response options 

Bias due to confounding 

 1.1 Is there potential for confounding of the effect of 
intervention in this study? 

If N/PN to 1.1: the study can be considered to be at low 
risk of bias due to confounding and no further signalling 
questions need be considered 

Although there was no significant difference in baseline characteristics 
between the two groups (Table 1), the selection bias associated with 
the decision to offer prone positioning makes the potential for 
unmeasured confounding not negligible. 

PY 

If Y/PY to 1.1: determine whether there is a need to 
assess time-varying confounding: 

  

1.2. Was the analysis based on splitting participants’ 
follow up time according to intervention received? 

If N/PN, answer questions relating to baseline 
confounding (1.4 to 1.6)  

If Y/PY, go to question 1.3. 

 N 

1.3. Were intervention discontinuations or switches 
likely to be related to factors that are prognostic for 
the outcome? 

If N/PN, answer questions relating to baseline 
confounding (1.4 to 1.6) 

If Y/PY, answer questions relating to both 
baseline and time-varying confounding (1.7 and 
1.8)  

 NA 
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 Questions relating to baseline confounding only 

1.4. Did the authors use an appropriate analysis 
method that controlled for all the important 
confounding domains? 

The authors used propensity score matching. Citation: “The dot-plot of 
covariates included in the PS (Figure S3) showed that the two groups 
were comparable.” 

PY 

1.5. If Y/PY to 1.4: Were confounding domains that 
were controlled for measured validly and reliably by 
the variables available in this study? 

 Y 

1.6. Did the authors control for any post-
intervention variables that could have been affected 
by the intervention? 

 N 

 Questions relating to baseline and time-varying confounding  

1.7. Did the authors use an appropriate analysis 
method that controlled for all the important 
confounding domains and for time-varying 
confounding? 

 NA 

1.8. If Y/PY to 1.7: Were confounding domains that 
were controlled for measured validly and reliably by 
the variables available in this study? 

 NA 

 Risk of bias judgement  Moderate 

Optional: What is the predicted direction of bias due to 
confounding? 

 Unpredictable 
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Bias in selection of participants into the study 

 2.1. Was selection of participants into the study (or into 
the analysis) based on participant characteristics 
observed after the start of intervention? 

If N/PN to 2.1: go to 2.4 

Citation: “All patients included in our study met the Berlin definition of 
ARDS and underwent PP before VV-ECMO” 

N 

2.2. If Y/PY to 2.1: Were the post-intervention 
variables that influenced selection likely to be 
associated with intervention? 

2.3 If Y/PY to 2.2:  Were the post-intervention 
variables that influenced selection likely to be 
influenced by the outcome or a cause of the 
outcome? 

 NA 
 
 

NA 
 

2.4. Do start of follow-up and start of intervention 
coincide for most participants? 

 Y 

2.5. If Y/PY to 2.2 and 2.3, or N/PN to 2.4: Were 
adjustment techniques used that are likely to correct for 
the presence of selection biases? 

 NA 

Risk of bias judgement  Low 

Optional: What is the predicted direction of bias due to 
selection of participants into the study? 

 Unpredictable 

 

Bias in classification of interventions  

 3.1 Were intervention groups clearly defined?  Citation: “Patients were divided into the prone and supine groups 
according to whether early PP was combined with VV-ECMO.” 

Y 

3.2 Was the information used to define intervention 
groups recorded at the start of the intervention? 

 Y 

3.3 Could classification of intervention status have 
been affected by knowledge of the outcome or risk 
of the outcome? 

 N 

Risk of bias judgement  Low 

Optional: What is the predicted direction of bias due 
to classification of interventions? 

 Unpredictable 
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Bias due to deviations from intended interventions 

 If your aim for this study is to assess the effect of assignment to intervention, answer questions 4.1 and 4.2  

4.1. Were there deviations from the intended 
intervention beyond what would be expected in 
usual practice? 

 PN 

4.2. If Y/PY to 4.1: Were these deviations from 
intended intervention unbalanced between groups 
and likely to have affected the outcome? 

 NA 

If your aim for this study is to assess the effect of starting and adhering to intervention, answer questions 4.3 to 4.6  

4.3. Were important co-interventions balanced 
across intervention groups? 

 Y / PY / PN / N / NI 

4.4. Was the intervention implemented successfully 
for most participants? 

 Y / PY / PN / N / NI 

4.5. Did study participants adhere to the assigned 
intervention regimen? 

 Y / PY / PN / N / NI 

4.6. If N/PN to 4.3, 4.4 or 4.5: Was an appropriate 
analysis used to estimate the effect of starting and 
adhering to the intervention? 

 NA / Y / PY / PN / N / NI 

Risk of bias judgement  Low 

Optional: What is the predicted direction of bias due 
to deviations from the intended interventions? 

 Unpredictable 
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Bias due to missing data 

 5.1 Were outcome data available for all, or nearly all, 
participants? 

From Table S1, missing data were very limited. PY  

5.2 Were participants excluded due to missing data 
on intervention status? 

 NI 
 

5.3 Were participants excluded due to missing data 
on other variables needed for the analysis? 

  
NI 

5.4 If PN/N to 5.1, or Y/PY to 5.2 or 5.3: Are the 
proportion of participants and reasons for missing 
data similar across interventions? 

 NI 

5.5 If PN/N to 5.1, or Y/PY to 5.2 or 5.3: Is there 
evidence that results were robust to the presence of 
missing data? 

 NI 

Risk of bias judgement  Low 

Optional: What is the predicted direction of bias due 
to missing data? 

 Unpredictable 

 

Bias in measurement of outcomes  

 6.1 Could the outcome measure have been 
influenced by knowledge of the intervention 
received? 

 N 

6.2 Were outcome assessors aware of the 
intervention received by study participants? 

 PY 

6.3 Were the methods of outcome assessment 
comparable across intervention groups? 

 Y 

6.4 Were any systematic errors in measurement of 
the outcome related to intervention received? 

 N 

Risk of bias judgement  Moderate 

Optional: What is the predicted direction of bias due 
to measurement of outcomes? 

 Unpredictable 
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Bias in selection of the reported result 

 Is the reported effect estimate likely to be selected, 
on the basis of the results, from... 

  

7.1. ... multiple outcome measurements within the 
outcome domain?  

 N 

7.2 ... multiple analyses of the intervention-outcome 
relationship? 

 PN 

7.3 ... different subgroups?  PN 

Risk of bias judgement  Low 

Optional: What is the predicted direction of bias due 
to selection of the reported result? 

 Unpredictable 

 

Overall bias 

 Risk of bias judgement  Moderate 

Optional: What is the overall predicted direction of 
bias for this outcome? 

 Unpredictable 

 

 
This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 International License. 

271

http://creativecommons.org/licenses/by-nc-nd/4.0/


Figure S1. Risk of bias in non-randomized studies of interventions (ROBINS-I) summary plot 
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Risk of bias assessments for randomized controlled trials 
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Study details 

Reference 

Tong H, Pan F, Zhang X, Jia S, Vashisht R, Chen K, Wang Q. Effect of prone positioning on survival in adult patients 

receiving venovenous extracorporeal membrane oxygenation for acute respiratory distress syndrome: a prospective 

multicenter randomized controlled study. J Thorac Dis. 2024 Feb 29;16(2):1368-1377. doi: 10.21037/jtd-23-1808. Epub 

2024 Jan 15. PMID: 38505030; PMCID: PMC10944719. 

 

Study design 

X Individually-randomized parallel-group trial 

 Cluster-randomized parallel-group trial 

 Individually randomized cross-over (or other matched) trial 

 

For the purposes of this assessment, the interventions being compared are defined as 

Experimental: No prone positioning Comparator: Prone positioning 

 

Specify which outcome is being assessed for risk of bias 30-day mortality 

 

Specify the numerical result being assessed. In case of multiple alternative 
analyses being presented, specify the numeric result (e.g. RR = 1.52 (95% CI 
0.83 to 2.77) and/or a reference (e.g. to a table, figure or paragraph) that 
uniquely defines the result being assessed. 

Absolute value of 30-day survival in Table 5 

 
Is the review team’s aim for this result…? 

X to assess the effect of assignment to intervention (the ‘intention-to-treat’ effect) 

 to assess the effect of adhering to intervention (the ‘per-protocol’ effect) 
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If the aim is to assess the effect of adhering to intervention, select the deviations from intended intervention that should be addressed (at least one 
must be checked):  

 occurrence of non-protocol interventions 
 failures in implementing the intervention that could have affected the outcome 
 non-adherence to their assigned intervention by trial participants 

 

Which of the following sources were obtained to help inform the risk-of-bias assessment? (tick as many as apply) 

X Journal article(s) with results of the trial 
X Trial protocol 
 Statistical analysis plan (SAP) 
X Non-commercial trial registry record (e.g. ClinicalTrials.gov record) 
 Company-owned trial registry record (e.g. GSK Clinical Study Register record) 
  “Grey literature” (e.g. unpublished thesis) 
 Conference abstract(s) about the trial 
 Regulatory document (e.g. Clinical Study Report, Drug Approval Package) 
 Research ethics application 
 Grant database summary (e.g. NIH RePORTER or Research Councils UK Gateway to Research) 
 Personal communication with trialist 
 Personal communication with the sponsor 
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Risk of bias assessment  
Responses underlined in green are potential markers for low risk of bias, and responses in red are potential markers for a risk of bias. Where questions relate only to 
sign posts to other questions, no formatting is used. 

 

Domain 1: Risk of bias arising from the randomization process  

  

Signalling questions Comments Response options 

1.1 Was the allocation sequence random? Citation: “One of the researchers (Qianqian Wang) used Stata software 
version 14 (StataCorp., College Station, TX, USA) to generate random 
numbers. A series of consecutively numbered, opaque, sealed envelopes 
were used to store the random numbers. After enrollment, the envelope was 
opened by the participant (patients’ relatives and researchers); moreover, the 
patients were randomly allocated in a 1:1 ratio into PP and control groups 
based on the number in the envelope.” 

Y 

1.2 Was the allocation sequence concealed 
until participants were enrolled and 
assigned to interventions? 

PY 

1.3 Did baseline differences between 
intervention groups suggest a problem with 
the randomization process?  

Although the duration of mechanical ventilation before ECMO was 
significantly shorter in the experimental group, compared to the control 
group, all other baseline characteristics were similar. 

PN 

Risk-of-bias judgement  Low 

Optional: What is the predicted direction of 
bias arising from the randomization process? 

 Favours experimental 
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Domain 2: Risk of bias due to deviations from the intended interventions ( effect of assignment to intervention ) 

  

Signalling questions Comments Response options 

2.1. Were participants aware of their 
assigned intervention during the trial? 

Citation: “[… ] the patients were unaware of the trial-group assignments.” N 

2.2. Were carers and people delivering the 
interventions aware of participants' 
assigned intervention during the trial? 

Y 

2.3. If Y/PY/NI to 2.1 or 2.2: Were there 
deviations from the intended intervention 
that arose because of the trial context? 

Ninety-two percent of patients in the experimental group reached the duration 
target. Although no description of the reasons leading to the interruption of the 
prone positioning session is provided, the small percentage of patients not 
reaching the target is compatible with clinical practice. 

PN 

2.4 If Y/PY to 2.3: Were these deviations 
likely to have affected the outcome? 

 NA 

2.5. If Y/PY/NI to 2.4: Were these 
deviations from intended intervention 
balanced between groups? 

 NA 

2.6 Was an appropriate analysis used to 
estimate the effect of assignment to 
intervention? 

No specifications are provided. However, all patients assigned to either group are 
analyzed as part of the assignment arm,  

PY 

2.7 If N/PN/NI to 2.6: Was there potential 
for a substantial impact (on the result) of 
the failure to analyse participants in the 
group to which they were randomized? 

 NA 

Risk-of-bias judgement  Low 

Optional: What is the predicted direction of 
bias due to deviations from intended 
interventions? 

 Unpredictable 
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Domain 3: Missing outcome data 

 

  

Signalling questions Comments Response options 

3.1 Were data for this outcome available 
for all, or nearly all, participants 
randomized? 

  Y 

3.2 If N/PN/NI to 3.1: Is there evidence that 
the result was not biased by missing 
outcome data? 

 NA 

3.3 If N/PN to 3.2: Could missingness in the 
outcome depend on its true value? 

 NA 

3.4 If Y/PY/NI to 3.3: Is it likely that 
missingness in the outcome depended on 
its true value? 

NA 

Risk-of-bias judgement  Low 

Optional: What is the predicted direction of 
bias due to missing outcome data? 

 Unpredictable 
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Domain 4: Risk of bias in measurement of the outcome 

 

  

Signalling questions Comments Response options 

4.1 Was the method of measuring the 
outcome inappropriate? 

 N 

4.2 Could measurement or ascertainment 
of the outcome have differed between 
intervention groups? 

 PN 

4.3 If N/PN/NI to 4.1 and 4.2: Were 
outcome assessors aware of the 
intervention received by study 
participants? 

As reported in the study protocol, outcome assessors were unaware of the 
intervention received by study participants 

N 

4.4 If Y/PY/NI to 4.3: Could assessment of 
the outcome have been influenced by 
knowledge of intervention received? 

 NA 

4.5 If Y/PY/NI to 4.4: Is it likely that 
assessment of the outcome was influenced 
by knowledge of intervention received? 

NA 

Risk-of-bias judgement  Low 

Optional: What is the predicted direction of 
bias in measurement of the outcome? 

 Unpredictable 
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Domain 5: Risk of bias in selection of the reported result  

 

  

Signalling questions Comments Response options 

5.1 Were the data that produced this result 
analysed in accordance with a pre-specified 
analysis plan that was finalized before 
unblinded outcome data were available for 
analysis? 

No pre-specified analysis plan was found in either the study protocol or the trial 
registration. 

NI 

Is the numerical result being assessed likely 
to have been selected, on the basis of the 
results, from... 

  

5.2. ... multiple eligible outcome 
measurements (e.g. scales, definitions, 
time points) within the outcome 
domain? 

 N 

5.3 ... multiple eligible analyses of the 
data? 

 PN 

Risk-of-bias judgement  Some concerns 

Optional: What is the predicted direction of 
bias due to selection of the reported result? 

 Unpredictable 
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Overall risk of bias  
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Risk-of-bias judgement  Some concerns 

Optional: What is the overall predicted 
direction of bias for this outcome? 

 Unpredictable 
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Study details 

Reference 

Schmidt M, Hajage D, Lebreton G, Dres M, Guervilly C, Richard JC, Sonneville R, Winiszewski H, Muller G, Beduneau G, Mercier E, 
Roze H, Lesouhaitier M, Terzi N, Thille AW, Laurent I, Kimmoun A, Combes A; PRONECMO Investigators, the REVA Network, and 
the International ECMO Network (ECMONet). Prone Positioning During Extracorporeal Membrane Oxygenation in Patients With 
Severe ARDS: The PRONECMO Randomized Clinical Trial. JAMA. 2023 Dec 26;330(24):2343-2353. doi: 10.1001/jama.2023.24491. 
Erratum in: JAMA. 2024 Feb 6;331(5):446. doi: 10.1001/jama.2024.0231. PMID: 38038395; PMCID: PMC10692949. 

 

Study design 

X Individually-randomized parallel-group trial 

 Cluster-randomized parallel-group trial 

 Individually randomized cross-over (or other matched) trial 

 

For the purposes of this assessment, the interventions being compared are defined as 

Experimental: Prone positioning Comparator: No prone positioning 

 

Specify which outcome is being assessed for risk of bias 60-day mortality 

 

Specify the numerical result being assessed. In case of multiple alternative 
analyses being presented, specify the numeric result (e.g. RR = 1.52 (95% CI 
0.83 to 2.77) and/or a reference (e.g. to a table, figure or paragraph) that 
uniquely defines the result being assessed. 

Table 2 

 
Is the review team’s aim for this result…? 

X to assess the effect of assignment to intervention (the ‘intention-to-treat’ effect) 

 to assess the effect of adhering to intervention (the ‘per-protocol’ effect) 
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If the aim is to assess the effect of adhering to intervention, select the deviations from intended intervention that should be addressed (at least one 
must be checked):  

 occurrence of non-protocol interventions 
 failures in implementing the intervention that could have affected the outcome 
 non-adherence to their assigned intervention by trial participants 

 

Which of the following sources were obtained to help inform the risk-of-bias assessment? (tick as many as apply) 

X Journal article(s) with results of the trial 
X Trial protocol 
X Statistical analysis plan (SAP) 
X Non-commercial trial registry record (e.g. ClinicalTrials.gov record) 
 Company-owned trial registry record (e.g. GSK Clinical Study Register record) 
  “Grey literature” (e.g. unpublished thesis) 
 Conference abstract(s) about the trial 
 Regulatory document (e.g. Clinical Study Report, Drug Approval Package) 
 Research ethics application 
 Grant database summary (e.g. NIH RePORTER or Research Councils UK Gateway to Research) 
 Personal communication with trialist 
 Personal communication with the sponsor 
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Risk of bias assessment  
Responses underlined in green are potential markers for low risk of bias, and responses in red are potential markers for a risk of bias. Where questions relate only to 
sign posts to other questions, no formatting is used. 

 

Domain 1: Risk of bias arising from the randomization process  

  

Signalling questions Comments Response options 

1.1 Was the allocation sequence random? Citation: “Eligible patients were randomly assigned in a 1:1 ratio to either 
prone positioning while undergoing ECMO (prone ECMO group) or supine 
positioning while undergoing ECMO (supine ECMO group) in permuted blocks 
of size 4 or 6. Randomization was performed through a secure web-based 
system using the minimization method […]:” 

Y 

1.2 Was the allocation sequence concealed 
until participants were enrolled and 
assigned to interventions? 

PY 

1.3 Did baseline differences between 
intervention groups suggest a problem with 
the randomization process?  

The groups were similar, with respect to baseline patient characteristics. N 

Risk-of-bias judgement  Low 

Optional: What is the predicted direction of 
bias arising from the randomization process? 

 Unpredictable 
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Domain 2: Risk of bias due to deviations from the intended interventions ( effect of assignment to intervention ) 

Signalling questions Comments Response options 

2.1. Were participants aware of their 
assigned intervention during the trial? 

Citation: “[…] the trial was unblinded due to the nature of the intervention, and 
this design may introduce bias.” 

PN 

2.2. Were carers and people delivering the 
interventions aware of participants' 
assigned intervention during the trial? 

Y 

2.3. If Y/PY/NI to 2.1 or 2.2: Were there 
deviations from the intended intervention 
that arose because of the trial context? 

Citations: “In the prone ECMO group, 17 patients (19.8%) discontinued the prone 
intervention before achievement of 4 prone position sessions […] Among patients 
randomized to the supine ECMO group, 2 (2.4%) were placed in prone position for 
refractory hypoxemia while undergoing ECMO” 
The above-mentioned deviations occurred according to the trial protocol. 

PN 

2.4 If Y/PY to 2.3: Were these deviations 
likely to have affected the outcome? 

 NA 

2.5. If Y/PY/NI to 2.4: Were these 
deviations from intended intervention 
balanced between groups? 

 NA 

2.6 Was an appropriate analysis used to 
estimate the effect of assignment to 
intervention? 

Citation: “The primary analysis will be performed with the intention to treat 
population.” (from the statistical analysis plan) 

Y 

2.7 If N/PN/NI to 2.6: Was there potential 
for a substantial impact (on the result) of 
the failure to analyse participants in the 
group to which they were randomized? 

 NA 

Risk-of-bias judgement  Low 

Optional: What is the predicted direction of 
bias due to deviations from intended 
interventions? 

 Unpredictable 
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Domain 3: Missing outcome data 

 

  

Signalling questions Comments Response options 

3.1 Were data for this outcome available 
for all, or nearly all, participants 
randomized? 

  Y 

3.2 If N/PN/NI to 3.1: Is there evidence that 
the result was not biased by missing 
outcome data? 

 NA 

3.3 If N/PN to 3.2: Could missingness in the 
outcome depend on its true value? 

 NA 

3.4 If Y/PY/NI to 3.3: Is it likely that 
missingness in the outcome depended on 
its true value? 

NA 

Risk-of-bias judgement  Low 

Optional: What is the predicted direction of 
bias due to missing outcome data? 

 Unpredictable 
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Domain 4: Risk of bias in measurement of the outcome  

 

  

Signalling questions Comments Response options 

4.1 Was the method of measuring the 
outcome inappropriate? 

 N 

4.2 Could measurement or ascertainment 
of the outcome have differed between 
intervention groups? 

 PN 

4.3 If N/PN/NI to 4.1 and 4.2: Were 
outcome assessors aware of the 
intervention received by study 
participants? 

Citation: “Patient safety was regularly monitored by an independent data and 
safety monitoring board, who analyzed adverse events in a blinded manner.” 

Although not clearly specified, it is reasonable to imagine that the Direction de la 
Recherche Clinique et du Développement, Assistance Publique–Hôpitaux de 
Paris, which performed statistical analyses, was also blinded. 

PN 

4.4 If Y/PY/NI to 4.3: Could assessment of 
the outcome have been influenced by 
knowledge of intervention received? 

 NA 

4.5 If Y/PY/NI to 4.4: Is it likely that 
assessment of the outcome was influenced 
by knowledge of intervention received? 

NA 

Risk-of-bias judgement  Low 

Optional: What is the predicted direction of 
bias in measurement of the outcome? 

 Unpredictable 
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Domain 5: Risk of bias in selection of the reported result  

 

  

Signalling questions Comments Response options 

5.1 Were the data that produced this result 
analysed in accordance with a pre-specified 
analysis plan that was finalized before 
unblinded outcome data were available for 
analysis? 

The statistical analysis plan was examined. Y 

Is the numerical result being assessed likely 
to have been selected, on the basis of the 
results, from... 

  

5.2. ... multiple eligible outcome 
measurements (e.g. scales, definitions, 
time points) within the outcome 
domain? 

 N 

5.3 ... multiple eligible analyses of the 
data? 

 PN 

Risk-of-bias judgement  Low 

Optional: What is the predicted direction of 
bias due to selection of the reported result? 

 Unpredictable 
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Overall risk of bias  
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Risk-of-bias judgement  Low 

Optional: What is the overall predicted 
direction of bias for this outcome? 

 Unpredictable 
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Figure S2. Risk of bias (RoB) 2 summary plot 
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Online Resource 7. The assessment of publication bias

A. Funnel plots

Funnel plots for the primary and secondary outcomes are reported. A funnel plot is a scatter plot of the intervention effect estimates from individual studies plotted on the horizontal axis, against 

the standard error of the estimated effect on the vertical axis. Abbreviations: ICU, intensive care unit, ECMO, extracorporeal membrane oxygenation.

28-DAY MORTALITY 60-DAY MORTALITY 90-DAY MORTALITY

ICU MORTALITY HOSPITAL MORTALITY
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6-MONTH MORTALITY ECMO DURATION

ECMO WEANING RECANNULATION TRACHEOSTOMY

28-DAY VENTILATOR-FREE DAYS 60-DAY VENTILATOR-FREE DAYS 90-DAY VENTILATOR-FREE DAYS
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ICU LENGTH OF STAY HOSPITAL LENGTH OF STAY BLEEDING AT CANNULA SITE

TOTAL BLEEDING EVENTS TOTAL THROMBOEMBOLISM EVENTS CANNULA DISLODGEMENT

LIMB ISCHEMIA CIRCUIT CHANGE INFECTION
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Table S6. Regression tests for funnel plot asymmetry 

 

Outcome β (95% CI) p-value 

28-day mortality -0.5188 (-1.3855–0.3480) 0.8475 

60-day mortality -0.9082 (-2.0062–0.1898) 0.1903 

90-day mortality -0.9209 (-2.1901–0.3483) 0.1680 

ICU mortality -1.3804 (-2.2850–-0.4758) 0.0124 

Hospital mortality -0.8874 (-1.4008–-0.3740) 0.0439 

ECMO duration -0.2148 (-1.0212–0.5916) 0.1373 

ECMO weaning -0.3086 (-1.4104–0.7932) 0.8793 

ICU length of stay -7.2172 (-26.1411–11.7067) 0.0865 

Abbreviations: CI, confidence interval; ICU, intensive care unit; ECMO, 

extracorporeal membrane oxygenation. 
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Doi plots

The Doi plot replaces the conventional scatter plot of precision versus effect with a normal quantile versus effect plot [S9]. Abbreviations: ICU, intensive care unit; ECMO, extracorporeal 
membrane oxygenation.
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Online Resource 8. Other secondary outcomes  

 

Table S7. Secondary outcomes not included in Figure 3 

 

Outcome OR, MD, or SMD (95% CI) 
p-value for 

overall effect 

I2 

(%) 

p-value for 

heterogeneity 

ECMO duration 0.37 (0.07-0.66) 0.016 65 < 0.001 

ECMO weaning 1.26 (0.78-2.03) 0.339 64 0.002 

Recannulation 1.00 (0.28-3.55) 0.995 0 0.983 

Tracheostomy 1.16 (0.64-2.11) 0.631 57 0.054 

28-day ventilator-free days -1.38 (-2.56–-0.20) 0.022 76 < 0.001 

60-day ventilator-free days 6.06 (-3.83–15.95) 0.230 51 0.152 

90-day ventilator-free days 2.61 (-5.29–10.50) 0.518 0 0.591 

ICU length of stay 9.17 (3.55–14.79) 0.001 43 0.101 

Hospital length of stay 7.00 (1.75–12.24) 0.009 52 0.079 

Bleeding at cannula site 0.32 (0.04–2.69) 0.295 93 < 0.001 

Total bleeding events 0.88 (0.60–1.29) 0.517 43 0.078 

Total thromboembolism events 1.82 (0.89–3.72) 0.098 73 < 0.001 

Cannula dislodgement 1.09 (0.25–4.70) 0.906 0 0.593 

Limb ischemia 0.86 (0.55–1.35) 0.523 0 0.682 

Circuit change 9.66 (0.12–798.58) 0.314 93 < 0.001 

Infection 1.06 (0.60–1.87) 0.852 73 0.012 

Abbreviations: OR, odds ratio; MD, mean difference; SMD, standardized mean difference; CI, confidence 

interval; ECMO, extracorporeal membrane oxygenation; ICU, intensive care unit. 

We could not perform the meta-analyses for the invasive mechanical ventilation duration, total and after 

de-cannulation, because no study reported the numbers of patients successfully weaned from invasive 

mechanical ventilation in the two groups. 
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Forest plots. Forest plots for secondary outcomes not included in Figure 3 are depicted. Abbreviations: ECMO, extracorporeal membrane oxygenation; SMD, standardized mean difference; CI, 

confidence interval; OR, odds ratio; MD, mean difference; ICU, intensive care unit.
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Online Resource 9. Sensitivity analyses

A. Sensitivity analysis serially excluding each study from meta-analysis. Abbreviations: OR, odds ratio; CI, confidence interval. 

The exclusion of the studies by Giani et al. (2021), Guervilly et al., and the COVID-ICU Group resulted in a non-significant 

association between prone positioning and the reduction of 28-day mortality.
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B. Sensitivity analysis excluding randomized controlled trials (RCTs) at high risk of bias and non-RCTs at serious or critical risk 

of bias. Abbreviations: OR, odds ratio; CI, confidence interval. No RCT reported on the primary outcome. Excluding non-RCTs at 

serious or critical risk of bias confirmed the significant association between prone positioning and the reduction of 28-day 

mortality.
The sensitivity analysis including data from non-matched patients’ cohorts in those non-RCTs using propensity score matching was not feasible because 28-day mortality was not available for 

these cohorts across the studies. 
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Online Resource 10. Subgroup analyses

A. Subgroup analysis for the Coronavirus disease (Covid)-19 vs. non-Coronavirus disease-19 related acute hypoxemic respiratory 

failure subgroups. Abbreviations: OR, odds ratio; CI, confidence interval; Covid, coronavirus disease. 
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B. Subgroup analysis for the studies including ≥ 73% (Pronation = Yes) vs. < 73% (Pronation = No) of patients receiving prone

positioning before ECMO. The 73% percentage was identified as the third quartile of the proportion of patients proned before 

ECMO across the studies. Abbreviations: OR, odds ratio; CI, confidence interval.
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Online Resource 11. Meta-regressions 

 

Table S8. Meta-regressions’ results 

 

Covariate β (95% CI) 
Standard 

error 
p-value I2 (%) R2 (%) 

QE test (p-

value) 

Age 
0.250 (0.076–

0.425) 
0.089 0.005 0.00 75.78 

4.054 

(0.669) 

Body mass index 
-0.378 (-1.388–

0.632)   
0.515 0.464 0.00 0.00 

0.558 

(0.455) 

Female gender 
-0.085 (-0.141–-

0.029)  
0.028 0.003 13.67 84.26 

8.131 

(0.321) 

Immunocompromised 

patients 

-0.021 (-0.070–

0.028) 
0.025 0.394 62.86 0.00 

12.043 

(0.034) 

SOFA score 
-1.053 (-1.748–-

0.357) 
0.355 0.003  0.00 100.00 

0.006 

(0.997) 

PaO2/FiO2 before 

cannulation 

-0.010 (-0.366–

0.346)  
0.182   0.956 67.68 0.00 

0.099 

(0.753) 

RCT 
-1.309 (-3.616–

0.999) 
1.177 0.266 59.40 2.64 

19.546 

(0.012) 

Covid diagnosis 
0.788 (0.113–

1.463) 
0.345 0.022  34.54 54.52 

10.704 

(0.219) 

Year of publication 
0.242 (0.034–

0.449) 
0.106 0.036  32.42 60.23 

10.213 

(0.250) 

Percentage of patients 

with pneumonia 

0.004 (-0.048–

0.0560) 
0.027 0.880 63.92 0.00 

14.248 

(0.014) 

Duration of invasive 

mechanical ventilation 

before cannulation 

-0.482 (-3.380–

2.416) 
1.479 0.745  85.13 0.00 

6.727 

(0.010) 

Percentage of patients 

receiving PP before 

cannulation 

0.010 (0.000–

0.019) 
0.005 0.049 66.49 51.57 

11.608 

(0.021) 

Duration of ECMO 

before PP 

-0.218 (-0.589–

0.154) 
0.190 0.252  33.18 28.17 

4.200 

(0.241) 

Number of PP sessions 
0.044 (-0.365–

0.452) 
0.209 0.834 0.00 0.00 

2.283 

(0.516) 
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Duration of PP sessions 
0.182 (-0.179–

0.542)  
0.184 0.323 40.18 8.39 

2.853 

(0.240) 

Abbreviations: CI, confidence interval; SOFA, sequential organ failure assessment; PaO2, arterial partial 

pressure of oxygen; FiO2, fraction of inspired oxygen; PP, prone positioning. R2 is the amount of 

heterogeneity accounted for by the inclusion of the covariate in the model. 

The meta-regressions using, as covariates, pulmonary vs. extra-pulmonary AHRF, high- vs. low-volume 

ECMO centers, number of proning cycles per patient > 1 vs. equal to 1, and driving pressure and 

compliance of the respiratory system before ECMO cannulation were not feasible because of lacking data 

in the original studies. 
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Meta-regressions bubble plots
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