
OLA strategy for ARDS: Its effect on mortality depends on 
achieved recruitment (PaO2/FiO2) and mechanical power. 
Systematic Review and Meta-analysis with Meta-Regression. 
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1.- Supplementary Methods: 

 

1.1.- Search strategy: 

 Two researchers (S. F. U. and A. M. V.) conducted an independent literature search to 
identify potentially relevant studies. The two most recent systematic reviews of RCT´s comparing 
higher versus lower PEEP ventilation strategies in patients with ARDS (1, 2)1,2 were identified 
and their bibliographies were manually reviewed. Then the search was updated to identify 
additional trials in MEDLINE, EMBASE, The Cochrane Library, the Cochrane Central Register of 
Controlled Trials, the ISI Web of Science, OVID, and ClinicalTrials.gov. We also searched for 
doctoral theses in the TESEO and Tesis Doctorals en Xarxa (website for Spanish theses) 
databases, for conference papers in the Conference Proceedings section of the Web of Science, 
and for grey literature in OpenGrey. Discrepancies between the two researchers were evaluated 
by a third researcher (V. M. A.). 

 The search combined medical subject headings (or appropriate controlled vocabulary) 
and keywords or Free text terms, using search terms as ‘‘acute lung injury’’, ‘‘ALI’’, ‘‘acute 
respiratory distress syndrome’’, ‘‘ARDS’’, ‘‘open lung’’, ‘‘lung recruitment’’, “protective 
ventilation”, ‘‘positive end-expiratory pressure”, ‘‘PEEP’’, “ARF”, “acute respiratory failure”, 
mortality and ICU mortality. To provide greater comprehensiveness to the review, we did not 
use any age filters and we did not limit the search based on study design or language of 
publication, including published studies from database inception until March 2020 (see search 
strategy in the Appendix of this online supplement). 

 

1.2.- Study selection: 

 Two investigators (P.V.G. and C.C.) independently reviewed the search results to identify 
pertinent articles. Disagreements on eligibility were resolved by a third author (V.M.A.) through 
consensus. In duplicate, they also abstracted data and assessed risk of bias. 

 

1.3.- Data extraction and study quality: 

 Each identified trial was assessed for evidence of bias using CASPe criteria (adequate 
method of randomization, allocation concealment and intention-to-treat analysis) (3)3 and the 
Cochrane Collaboration risk of bias Tool (4)4. This instrument includes assessment for random 
sequence generation, allocation concealment, blinding of participants and personnel, blinding 
of outcome assessment, incomplete outcome data, reporting and other bias. Judgment as 
‘‘low’’, ‘‘unclear’’, or ‘‘high’’ risk of bias was provided in each of the sections for each study. 
Trials were considered as high risk of bias if one or more sections met criteria for high risk of 
bias. 
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The GRADE (Grading of Recommendations Assessment, Development, and Evaluation) 
guidelines were used for rating the quality of evidence for the group of studies included in our 
analysis, which includes an assessment of risk of bias, inconsistency between individual studies, 
precision of effect estimates, indirectness of the evidence with regards to the study question, 
and likelihood of publication bias (5)5. Imprecision was deemed to occur when either (a) 95% 
confidence intervals (CIs) around effect estimates crossed the threshold between 
recommending and not recommending a treatment (which we a priori defined as a relative risk 
(RR) of 1.0 for the outcome of mortality); or (b) the criteria of “optimal information size” was 
not met (6)6. Summary of findings tables were prepared using GRADE Profiler software, through 
a project we created in GRADEpro GDT webpage database.  

 

1.4.- Statistical analysis: 

 In the GRADE evaluation, the criteria of “Optimal information size” is used to address 
the fragility of effect estimates and 95% CIs in the setting of small sample sizes, and is defined 
as the number of patients within a systematic review that would provide adequate power for a 
single randomized trial. Given an alpha of 0.05, 80% power, and control group mortality of 30%, 
the optimal information size to identify a 20% RR reduction in mortality for higher PEEP relative 
to lower PEEP is approximately 450 outcome events (7)7. 

 In all our analyses, we established the statistical significance in p-value less than or equal 
to 0.05. Publication bias was assessed via visual appraisal of symmetry of the Funnel–Plot, and 
a statistical test for Funnel-Plot asymmetry (Egger Regression). We also estimated the number 
of missing studies with the Trim and Fill method. 

 For the Meta-analysis, we used a Random Effects Model (REM) assuming heterogeneity 
(tau2 = residual heterogeneity). The dependent variable was the natural log of the RR of 
mortality (Ln(RR)). The model was fit with a weighted least squares estimation (Max Likelihood). 
The weight of the ith study was W = 1 / (Variance[LN(RR)] + tau2). DerSimonian-Laird and 
Hartung-Knapp-Sidik-Jonkman tests were applied, and the model fit was evaluated with radial 
plots and QQ normality plots. 

 We performed all statistical analyses by using Review Manger 5.3 software (RevMan, 
The Cochrane Collaboration, Oxford, UK) and in R 3.6.3 with the metafor package (8)8.  

 

1.5.- Sensitivity analysis: 

 Two prespecified sensitivity analysis performed through subgroup analysis. The first 
one, split the trials by the modality of OLA strategy applied in the experimental group. The 
second, split the trials in two subgroups, depending on if VT was limited or not in the control 
group. 

 

1.6.- Additional analysis of causes of heterogeneity: 

Document downloaded from http://www.elsevier.es, day 05/07/2025. This copy is for personal use. Any transmission of this document by any media or format is strictly prohibited.Document downloaded from http://www.elsevier.es, day 05/07/2025. This copy is for personal use. Any transmission of this document by any media or format is strictly prohibited.



 Other possible causes of heterogeneity among studies were examined through meta-
regression. For this analysis, a set of possible moderator variables was defined a priori to be 
included in different linear models. These moderator variables were: 

- Model 1 (M1): PEEP in experimental group on day 1 (expPEEP_1st): This variable 
represents the amount of PEEP used on the first day of application of the OLA 
strategy. 

- Model 2 (M2): PaO2/FiO2 ratio of control group at baseline (controlPF_0). This 
variable represents the severity of ARDS at the beginning of the trials. 

- Model 3 (M3): PaO2/FiO2 ratio of control group on day 3 (controlPF_3rd). PaO2/FiO2 
ratio after 24 hours of ventilation is a predictor of mortality in ARDS patients (9)9. 
PaO2/FiO2 estimates the amount of intrapulmonary shunt that remains due to 
nonaerated lung tissue (10)10. The PaO2/FiO2 in the control group at a delayed time 
point is a surrogate for the ability of conventional strategies to achieve lung 
recruitment. Initially PaO2/FiO2 ratios from the 1st and 3rd day were recorded. But, 
as recruitment is a time-dependent phenomenon (11)11, 1st day ratio was discarded 
and 3rd day PaO2/FiO2 ratio was chosen because it is the most consistent data we 
found in all trials. 

- Model 4 (M4): Difference in PaO2/FiO2 ratio between OLA and control groups on 
day 3 (gradPF_3rd). This variable represents the difference in lung recruitment 
between both groups. Since initial PaO2/FiO2 ratio is similar between intervention 
and control groups based on randomization of patients. Again, 3rd day ratio was 
chosen for consistency in the trials. 

- Model M5 (M5) Relative Driving Pressure (DP) on the day 1 (RelativeDP_1st). We 
computed DP [DP = Plateau Pressure – Total PEEP] on the 1st day in both cohorts of 
any single trial. To represent every trial in the analysis we computed the ratio of DP 
of the OLA strategy group divided by DP of the control group. So, the value of this 
variable represents the balance between both groups of same trial: a value greater 
than one means that OLA cohort received more DP than the control group, and vice 
versa. 

- Model 6 (M6): Relative MP on the day 1 (RelativeMP_1st). Using Gattinoni´s 
simplified formulae [MP (Jul/min) = 0.000098*RR*VT*(Peak – ½*DP)] (12)12, we 
computed MP transmitted to the lungs of both cohorts on the 1st day in any single 
trial. In the few cases where the value of Peak pressure was not reported (i.e. in 
trials with pressure control ventilation in any of the groups), we used Plateau 
pressure instead. And then to represent every trial in the analysis, we computed the 
ratio of MP of the OLA strategy group divided by MP of the control group. Again, the 
value of this variable represents the balance between both groups. 

Data on these variables were extracted from the published text and figures of the trials, 
including supplementary appendixes and files. For the meta-regression, a set of mixed-effects 
models (MEMs) were fitted, using in every model one of the above variables as a moderator in 
each model. So, every model represents a candidate source of heterogeneity. The models were 
adjusted by weighted least squares multivariable linear regression, assuming heterogeneity 
(tau2 = residual heterogeneity), and using as the outcome variable the natural logarithm of the 
RR (to linearize). Weights were: Weight = 1/(Variance[LN(RR)] + tau2). The fit of every model was 
tested with Residuals analysis and QQ normality plots. For model comparison, information 
entropy measures of predictive accuracy were used, removing the cases with missing values at 
the start to fit the models to exactly the same observations. This procedure reflects our interest 
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in the relative performance of the models, not their absolute information values. Because of n/V 
< 40, the Akaike’s Information Criterion with the finite sample correction (AICc) was used to 
decide what the “best” model (of the candidates set, and in the sense of the expected Kullback-
Leibler discrepancy) was. Then, for each model, the Akaike Weights (13, 14, 15)13,14,15 and the 
Turing-Good Weights of Evidence (WOE) against every model relative to “best” model (16)16 
were computed. 

Using every model AICc, the model with the minimum AICc was selected as the “best” 
one (in the expected Kullbach-Leibler discrepancy sense). For every model we computed the 
Likelihood of the Model (relative to the “best” one) given the data. Then, the relative model 
likelihoods are normalized (i.e., divided by the sum of the likelihoods of all models) to obtain 
Akaike weights (the probability of every model in this set to be the “best” one). And in the last 
step, the WOE against (in decibans), relative to the “best” one, of all models were computed.  

All the additional analysis was done in R 3.6.3 with the metafor package (17)17. 

 

 

References: 

 
 

1 1.- Walkey AJ, Del Sorbo L, Hodgson CL, Adhikari NKJ, Wunsch H, Meade MO, Uleryk E, Hess D, Talmor 
DS, B. Thompson BT, Brower RG0, Fan E. Higher PEEP versus Lower PEEP Strategies for Patients with Acute 
Respiratory Distress Syndrome:A Systematic Review and Meta-Analysis. Ann Am Thorac Soc 2017 Oct: 14, 
Supplement 4: S297–S303. 
 
2 2.- Lu J, Wang X, Chen M, Cheng L, Chen Q, Jian H, Sun Z. An Open Lung Strategy in the Management of 
Acute Respiratory Distress Syndrome: A Systematic Review and Meta-Analysis. Shock 2017: 48 (1): 43–53. 
 
3 3.- Cabello JB for CASPe. Lectura crítica de la evidencia clínica. 1st Ed. Barcelona, Elsevier. 2015.Check 
list available at: http://www.redcaspe.org/herramientas/instrumentos 
 
4 4.- Higgins JP, Altman DG, Gøtzsche PC, Juni P, Moher D, Oxman AD, Savovic J, Schulz KF, Weeks L, Sterne 
JA; Cochrane Bias Methods Group; Cochrane Statistical Methods Group. The Cochrane Collaboration’s 
tool for assessing risk of bias in randomised trials. BMJ 2011;343:d5928. 
 
5 5.- Guyatt GH, Oxman AD, Schu¨ nemann HJ, Tugwell P, Knottnerus A. GRADE guidelines: a new series of 
articles in the Journal of Clinical Epidemiology. J Clin Epidemiol 2011;64:380–382. 
 
6 6.- Guyatt GH, Oxman AD, Kunz R, Brozek J, Alonso-Coello P, Rind D, Devereaux PJ, Montori VM, 
Freyschuss B, Vist G, et al. GRADE guidelines 6: rating the quality of evidence—imprecision. J Clin 
Epidemiol 2011;64:1283–1293. 
 
7 7.- Guyatt GH, Oxman AD, Kunz R, Brozek J, Alonso-Coello P, Rind D, Devereaux PJ, Montori VM, 
Freyschuss B, Vist G, et al. GRADE guidelines 6: rating the quality of evidence—imprecision. J Clin 
Epidemiol 2011;64:1283–1293. 
 
8 8.- Viechtbauer W. Conducting Meta-Analyses in R with the metaphor Package. Journal of Statistical 
Software August 2010, Volume 36, Issue 3. Available at: http://www.jstatsoft.org/ 
 

Document downloaded from http://www.elsevier.es, day 05/07/2025. This copy is for personal use. Any transmission of this document by any media or format is strictly prohibited.Document downloaded from http://www.elsevier.es, day 05/07/2025. This copy is for personal use. Any transmission of this document by any media or format is strictly prohibited.

http://www.redcaspe.org/herramientas/instrumentos
http://www.jstatsoft.org/


 
9 9.- Villar J, Fernández RL, Ambrós A, Parra L, Blanco J, Domínguez-Berrot AM, Gutiérrez JM, Blanch L, 
Añón JM, Martín C, Prieto F, Collado J, Pérez-Méndez L, Kacmarek RM; Acute Lung Injury Epidemiology 
and Natural history Network. A Clinical Classification of the Acute Respiratory Distress Syndrome for 
Predicting Outcome and Guiding Medical Therapy. Crit Care Med. 2015 Feb;43(2):346-53. 
 
10 10.- Reske AW, Costa EL, Reske AP, Rau A, Borges JB, Beraldo MA, Gottschaldt U, Seiwerts M, Schreiter 
D, Petroff D, Kaisers UX, Wrigge H, Amato MB. Bedside estimation of nonaerated lung tissue using blood 
gas analysis. Crit Care Med. 2013 Mar;41(3):732-43. 
 
11 11.- Ferguson ND, Kacmarek RM, Chiche JD, Singh JM, Hallett DC, Mehta S, Stewart TE. Screening of 
ARDS patients using standardized ventilator settings: influence on enrollment in a clinical trial. Intensive 
Care Med. 2004 Jun;30(6):1111-6. 
 
12 12.- Gattinoni L, Tonetti T, Cressoni M, Cadringher P, Herrmann P, Moerer O, Protti A, Gotti M, Chiurazzi 
C, Carlesso E, Chiumello D, Quintel M. Ventilator-related causes of lung injury: the mechanical power. 
Intensive Care Med. 2016 Oct;42(10):1567-1575. 
 
13 13.- Wagenmakers EJ, Farrell S. AIC model selection using Akaike weights. Psychonomic Bulletin & 
Review 2004, 11 (1), 192-196. 
 
14 14.- McElreath R. Overfitting, Regularization and Information Criteria. In: McElreath (Ed) Bayesian 
Rethinking: A Bayesian course with examples in R and Stan. Chapman&Hall/CRC texts in statistical science 
series; 122. Taylor&Francis Group. Boca Raton (Fl). USA. 1st Ed. 2016. 
 
15 15.- Claeskens G, Lid Hjort N. Model Selection and Model Averaging. Cambridge Univ. Press. 2008. 
 
16 16.- Good IJ. Studies in the History of Probability and Statistics. XXXVII A. M. Turing's Statistical Work 
inWorld War II. Biometrika 1979: 66 (2): 393-396. 
 
17 17.- Viechtbauer W. Conducting Meta-Analyses in R with the metaphor Package. Journal of Statistical 
Software August 2010, Volume 36, Issue 3. Available from: http://www.jstatsoft.org/ 
 

Document downloaded from http://www.elsevier.es, day 05/07/2025. This copy is for personal use. Any transmission of this document by any media or format is strictly prohibited.Document downloaded from http://www.elsevier.es, day 05/07/2025. This copy is for personal use. Any transmission of this document by any media or format is strictly prohibited.

http://www.jstatsoft.org/

