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Abstract

Background: Control-arm mortality varies between acute respiratory distress syndrome (ARDS) RCTs.

Methods: We systematically reviewed ARDS RCTs that commenced recruitment after publication of the
American—European Consensus (AECC) definition (MEDLINE, Embase, and Cochrane central register of controlled trials;
January 1994 to October 2020). We assessed concordance of RCT inclusion criteria to ARDS consensus definitions and
whether exclusion criteria are strongly or poorly justified. We estimated the proportion of between-trial difference in
control-arm 28-day mortality explained by the inclusion criteria and RCT design characteristics using meta-regression.
Results: A literature search identified 43 709 records. One hundred and fifty ARDS RCTs were included; 146/150 (97.3%)
RCTs defined ARDS inclusion criteria using AECC/Berlin definitions. Deviations from consensus definitions, primarily
aimed at improving ARDS diagnostic certainty, frequently related to duration of hypoxaemia (117/146; 80.1%). Exclusion
criteria could be grouped by rationale for selection into strongly or poorly justified criteria. Common poorly justified
exclusions included pregnancy related, age, and comorbidities (infectious/immunosuppression, hepatic, renal, and hu-
man immunodeficiency virus/acquired immunodeficiency syndrome). Control-arm 28-day mortality varied between
ARDS RCTSs (mean: 29.8% [95% confidence interval: 27.0—32.7%; 1>°=88.8%; 12=0.02; P<0.01]), and differed significantly
between RCTs with different Pao,:FiO, ratio inclusion thresholds (26.6—39.9 kPa vs <26.6 kPa; P<0.01). In a meta-
regression model, inclusion criteria and RCT design characteristics accounted for 30.6% of between-trial difference
(P<0.01).

Conclusions: In most ARDS RCTs, consensus definitions are modified to use as inclusion criteria. Between-RCT mortality
differences are mostly explained by the Pao,:FiO, ratio threshold within the consensus definitions. An exclusion criteria
framework can be applied when designing and reporting exclusion criteria in future ARDS RCTs.
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Editor’s key points

e In this systematic review and meta-analysis, the au-
thors identified modifications to acute respiratory
distress syndrome definitions that are used to specify
trial inclusion criteria.

e Variation in mortality between RCTs is accounted for by

differences in selected Pao,:FiO, ratio thresholds.

Exclusion criteria between trials vary greatly, but can

be adjudicated based on the rationale for selection.

o This framework can be used to select exclusion criteria
in future RCTs and when deciding whether results from
an RCT are useful in patients excluded from the RCT.

Inclusion criteria in acute respiratory distress syndrome (ARDS)
RCTs are usually based either on the American—European
Consensus Conference (AECC) definition’ or the Berlin defini-
tion,” which superseded the former. It is recognised that the
difference in control-arm mortality between ARDS RCTs is
related to the severity of hypoxaemia® within the ARDS
consensus definitions."”” However, there has been limited
assessment of how components of the inclusion criteria that
are not specified within the consensus definitions®? contribute
towards the observed mortality differences between ARDS
RCTs. These refinements of ARDS inclusion criteria are
considered important for improving certainty of ARDS diag-
nosis. For example, the use of standardised ventilatory settings
or confirmatory time periods before definitive diagnosis of
ARDS has been proposed to select patients more likely to have
‘true’ ARDS.**

Furthermore, exclusion criteria vary between ARDS RCTs,
excluded patients do not explain the difference in control-arm
outcomes, and justification® of exclusion criteria used in ARDS
RCTs has not been assessed to date.

In this context, we tested the hypotheses that variations in
inclusion criteria not specified within the ARDS consensus def-
initions could contribute to the differences in control-arm mor-
tality in ARDS RCTs, and that developing an exclusion criteria
justification framework for ARDS RCTs would inform design of
future RCTs. Using a systematic review and meta-analysis of
ARDS RCTs, we assessed the concordance of the inclusion
criteria reported in RCTs with the ARDS consensus definitions,
and estimated the proportion of between-trial variance in
control-arm 28-day mortality explained by differences in the
inclusion criteria and RCT characteristics. We then used the
justification framework reported by Van Spall and colleagues® to
assess the exclusion criteria reported in ARDS RCTs.

Methods
Review protocol

This systematic review and meta-analysis was prospectively
registered with the International Prospective Register of Sys-
tematic Reviews (PROSPERO) (CRD42019089703) and conduct-
ed and reported in accordance with the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA)
recommendations.” The PRISMA checklist is available in the
Supplementary data. We did not receive external funding.

Information sources

We searched MEDLINE, Embase, and the Cochrane central
register of controlled trials from January 1, 1994 to October 31,

2020 with no language restrictions. We used subject headings
and text-word terms to search for RCTs on ARDS and adults
(Cochrane, McMaster, Robinson, and Dickersin clinical trial
filters). The full MEDLINE electronic search strategy is pre-
sented in Supplementary Methods S1. We manually searched
reference lists from published ARDS systematic reviews. Ci-
tations were saved in EndNote (Philadelphia, PA, USA) and
duplicated records removed.

RCT selection

All citations were independently reviewed against our RCT
selection criteria by atleast two authors (RS, BA, and GM) using
Rayyan QCRIL® Potentially relevant full-text articles were
reviewed and disagreements were resolved by consensus (RS,
BA, and GM). We included RCTs in adult patients (>16 yr) with
ARDS that commenced recruitment after publication of the
AECC definition in March 1994. RCTs with a factorial design
that were reported separately were considered as distinct
RCTs. Crossover RCTs, where control-arm mortality could not
be quantified, and articles published only in abstract form or
foreign language were excluded. RCTs in patients with COVID-
19 were also excluded. Further details of RCT selection criteria
are available in Figure 1.

Data items

A preliminary data extraction form was piloted on 20
randomly selected RCTs by RS and BA. Based on feedback from
this process, variables in the final data collection form were
then amended for inter-observer reliability. Data were inde-
pendently extracted by RS, BA, and GM from the following
domains: RCT design, patient characteristics, inclusion
criteria, exclusion criteria, intervention tested, and all re-
ported mortality outcomes. RCT design characteristics
included type of intervention, sponsorship and funding,
number of participating centres, World Bank country income
group (first author), year of publication, and number of pa-
tients in control group.

Inclusion criteria were defined as any variable used for the
ARDS case definition by the RCT; these included consensus
ARDS definition cited, radiographic criteria, assessment of
cardiac involvement, Paoy:FiO, (P:F) ratio threshold, PEEP
threshold, and inclusion of invasively or noninvasively venti-
lated patients. All time criteria that specified inclusion into the
RCT based on the duration of ARDS or ventilation were also
extracted (time since intubation, time since onset of ARDS,
time since symptom onset, and time since admission). In
RCTs, where ARDS inclusion criteria were not explicitly listed,
we assumed that criteria corresponded to the ARDS definition
cited in the body of the text or references. Criteria limiting RCT
eligibility of patients were treated as exclusion criteria and
were extracted from the RCTs.

Risk of bias

RCTs were assessed for risk of bias for control-arm mortality
outcomes using the Cochrane risk-of-bias tool.” A funnel plot
of standard error against control-arm mortality was used to
assess for evidence of publication bias related to control-arm
mortality (Supplementary Fig. S1). The analysis was not sub-
sequently adjusted for bias.
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Included

Records identified through
database searching
(n=43 709)

Records after duplicates
removed (n=37 756)

Records screened
(n=37 756)

Full-text articles assessed
for eligibility
(n=304)

Studies included in qualitative
synthesis (n=150)
Mechanical ventilation strategies and
respiratory care=63
Pharmacological=80
Fluid management=7

Additional records
identified through
other sources
(n=3)

Studies included in
quantitative synthesis
(meta-analysis)
(n=84)

Records excluded
(n=37 452)

Full-text articles excluded,
with reasons
(foreign language=48,
abstracts=28, accrual
before 1994=17,

substudy/trial protocol=11,
crossover trials=25,
secondary analysis=4,
non-ARDS population=17,
non-randomised=6,
full text unavailable=1)

Fig 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses flowsheet showing RCT selection process. ARDS, acute res-

piratory distress syndrome.

Synthesis of results

We extracted 28-day control-arm mortality using GraphClick®
from uncensored cumulative mortality/survival curves, if not
reported. In addition, 30-day mortality, reported in two RCTs,
was combined with 28-day mortality for meta-analysis.

We assessed concordance of every element of the ARDS
inclusion criteria reported to the corresponding consensus
definitions cited by the authors. A summary of clinical criteria
used to diagnose ARDS in consensus definitions is available in
the Supplementary data. The P:F ratio thresholds reported in
RCTs were regrouped into two categories: 26.6—39.9 and <26.6
kpa.l?

To inform an exclusion criteria framework for future ARDS
RCTs, all exclusion criteria were categorised, as described
previously by Van Spall and colleagues.® Additional categories
were specified for acute illness severity, and barotrauma, and
an exclusion criteria category based on lower age limited was
removed (in keeping with our RCT selection criteria). The
category ‘related to female gender’ was recoded to ‘pregnancy
related’. They were then classified into ‘strongly justified’ and
‘poorly justified’ based upon the rationale for their selection,
as described by Van Spall and colleagues.® Further details of
the classification scheme are available in Supplementary
Tables S3 and S4.

Meta-analysis model

To study the variability in control-arm mortality between
RCTs, we used a random-effects meta-analysis model with
control-arm 28-day mortality as the dependent variable and a
random intercept for each RCT. Distribution of control-arm
mortality was assessed for normality using a
quantile—quantile plot (Supplementary Fig. S3). As control-
arm mortality was not normally distributed, proportions
were transformed using the Freeman—Tukey double arc-sine
method. Each RCT was weighted by the inverse of the sam-
pling variance. A maximum likelihood estimator was used to
estimate mean mortality (random-effects pooled estimate),
between-trial standard deviation attributable to heterogeneity
(7), and the percentage of variance attributable to heteroge-
neity rather than chance (1?). Subgroup analyses were con-
ducted for all ARDS RCT inclusion criteria (listed in Table 1)
and specific RCT characteristics (year of publication, single vs
multicentre, first author World Bank country income group,
and sample size). To estimate the proportion of between-trial
variance (R?) explained by ARDS inclusion criteria, they were
all included as predictors in a meta-regression model. The RCT
characteristics were treated as categorical predictors (as
specified in Table 1) and were added to estimate additional
impact.’ Variance inflation factors were calculated for all
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Table 1 RCT design characteristics and specified inclusion
criteria. ARDS, acute respiratory distress syndrome; CXR,
chest radiograph; LA, left atrial; PAWP, pulmonary artery
wedge pressure; P:F, Paoy:FiO,. *Inclusion criteria were not
assessed individually for the four RCTs that used the com-
posite Murray score to include patients.

A. RCT design characteristics

Number (%) of

RCTs, n=150
Type of intervention
Mechanical ventilation strategies and 63 (42.0)
respiratory care
Pharmacological RCTs 80 (53.3)
Fluid management strategies 7 (4.7)
Sponsorship and funding
Government or institutional funding 80 (53.3)
Partial/complete industry funding 36 (24.0)
Unknown 34 (22.7)
Number of participating centres
Single 67 (44.7)
Multiple 83 (55.3)
National 31 (20.6)
International 52 (34.7)
World Bank country income group (first
author)
Middle 37 (24.7)
High 113 (75.3)
Year of publication
1996—2000 15 (10.0)
2001—-2005 24 (16.0)
2006—2010 33 (22.0)
2011-2015 38 (25.3)
2016—2020 40 (26.7)
Patients in control group
0-25 61 (40.7)
26-50 33 (22.0)
51-100 16 (10.7)
101-200 20 (13.3)
>200 20 (13.3)
ARDS definition
American—European Consensus 118 (78.7)
Conference
Berlin 28 (18.7)
Murray score 4 (2.6)
Invasively ventilated patients only
Yes 142 (94.7)
No 6 (4.0)
Unclear 2 (1.3)
B. Inclusion criteria*
P:F ratio (maximum threshold; kPa)
26.6—39.9 64 (43.8)
<39.9 4(2.7)
<250 1(0.7)
<225 63 (42.5)
<26.6 1(0.7)
<26.6 11 (8.2)
<226 1(0.7)
<20.0 1(0.7)
<6.7 for >3 h or P:F <10.6 for >6 h
<26.6 or 39.9 depending on PEEP
Minimum P:F ratio threshold specified 10 (6.9)
Minimum PEEP (cm H,0) specified
5 40 (24.7)
>5 10 (7.5)
Description of radiographic findings
Bilateral infiltrates on CXR 112 (76.7)
In three or four quadrants 6 (4.1)
Bilateral infiltrates on CXR or CT 27 (18.5)
Non-aerated lung parenchyma on CT 1 (0.7)

Exclusion of cardiac involvement

No clinical evidence of LA 121 (82.9)
hypertension or PAWP <18 mm Hg
Not explained by cardiac failure or 25 (17.1)
overload
Illness duration before enrolment
specified
Time since symptom onset 34 (23.3)
Time since ARDS onset 66 (45.2)
Time since intubation (maximum) 29 (19.9)
Time since intubation (minimum) 7 (4.8)
Time since admission 3(2.1)
Confirmatory time period specified 20 (13.7)
FiO, specified 12 (8.2)

predictors in the model to exclude multicollinearity. Model
robustness was tested using a permutation test.

Sensitivity analysis

We report three sensitivity analyses. First, to assess whether
lung-protective strategy was independently associated with
mortality, we included this variable in our meta-regression
model. As RCTs did not always explicitly state the use of a
lung-protective strategy, we assumed that RCTs commencing
recruitment after the publication of the ARDS Network lower
us higher tidal volume study used a lung-protective strategy
and vice versa. Second, we repeated the meta-regression with
alternative mortality time points (i.e. ICU, hospital, and 60-day
mortality) as an independent variable. Third, we excluded
RCTs that did not specifically use a P:F ratio inclusion
threshold of 26.6 or 39.9 kPa.

For all analyses, a P-value of <0.05 was considered signifi-
cant. Analyses were performed in R version 3.4.2" (R Foun-
dation for Statistical Computing, Vienna, Austria) using the
tidyr,'® dplyr,'* meta,'® and forestplot'® packages.

Results
RCT selection

The bibliographic database search identified 43 709 records, as
of October 31, 2020. After excluding duplicates, amongst the 37
756 records screened, 304 records were eligible for full-text
evaluation. After full-text evaluation, we excluded 157 re-
cords and included 147 RCTs from the database search and
three further RCTs from hand searching published review ar-
ticles, resulting in 150 unique ARDS RCTs published between
1994 and 2020 that met our selection criteria (Fig. 1). A sum-
mary of RCT characteristics is reported in Table 1.

Risk of bias within RCTs

One hundred and four (69.3%) of 150 RCTs, including all RCTs
of mechanical ventilation and respiratory care, were at high
risk of bias attributable to inadequate blinding of participants
or personnel. Although we included only RCTs in our study, 58
(38.7%) of 150 RCTs either did not or inadequately described
the methods for allocation concealment and random
sequence generation. Risk of bias was unclear in these RCTs.
Lack of blinding of outcome assessors was not deemed to
introduce bias, as mortality is an objective outcome. Twenty-
one (14.0%) RCTs that did not report mortality outcomes
were adjudicated to have a high risk of reporting bias, whereas
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a b

Abraham 1996
Domenighetti 1997
Dellinger 1998
Masclans 1998
Troncy 1998
Abraham 1999

Heard 1999
ARDSNet 2000
Cuthbertson 2000 Bias domain
Ortolani 2000 1. Random sequence generation
Weber 2000 2. Allocation concealment
Vincent 2001 3. Blinding of participants and personnel
ARDSNet 2002 4. Blinding of outcome assessors
Martin 2002 5. Incomplete outcome data
Gerlach 2003 6. Selective reporting of outcomes
Richard 2003 7. Other
Spragg 2003 . .
Gainnier 2004 Risk of bias
Kadoi 2004 | High
Spragg 2004
Tamakuma 2004 . Low
Taylor 2004 [l Unclear
Zeiher 2004
Martin 2005
Mojtahedzadeh 2005
Forel 2006 Brower 1999
Moralli 2006 Ranieri 1999
Perkins 2006 Bein 2000
Ryugo 2006 Brower 2000
Singer 2006 Esteban 2000
Wheeler 2006 Gattinoni 2001
Wiedemann 2006 Staudinger 2001
Meduri 2007 Barker 2002
Soltan-Sharifi 2007 Derdak 2002
T sangaris 2007 Hirschl 2002
Liu 2008 Varpula 2003
Morris 2008 Brower 2004
Sabater 2008 Oczenski 2004
Kesecioglu 2009 Varpula 2004
Najafi 2009 Bollen 2005
Vincent 2009 Voggenreiter 2005

Papazian 2010
Shariatpanahi 2010

Kacmarek 2006
Mancebo 2006

Craig 2011 Villar 2006
Gupta 2011 Demory 2007
Matthay 2011 Fernandez 2008
Rice 2011 Meade 2008
Spragg 2011 Mercat 2008
Stapleton 2011 Talmor 2008
Gao-Smith 2012 Huh 2009
Paine 2012 Peek 2009
Rice 2012 Taccone 2009
Smetkin 2012 Varpula 2009
Guoshou 2013 lanuzzi 2010
Hua 2013 xi2010
Cornet 2014 Hodgson 2011
Elamin 2014 Nemer 2011
Hu 2014 Zhang 2011
Moauley 2014 AlMasry 2012
Parish 2014 Bein 2012
Trawit 2014 Mentzelopoulos 2012
Zheng 2014 Sharaf 2012
Braunschweig 2015 Zhan 2012
Shirai 2015 Agarwal 2013
Bein 2013

Sun 2015

Ferguson 2013
Willson 2015 Guin 201
Mao 2016 Pintado 2013
Meng 2016 Young 2013
Tongyoo 2016 402015
Yuanbo 2016 Kacmarek 2016
Guenvilly 2017 Li2ot6
He 2017 Patel 2016
Huang 2017 Cavalcanti 2017
Jabaudon 2017 Chung 2017
Khan 2017 Tang 2017
Krenn 2017 Y2017
Mcauley 2017 Zhou 2017
Mohamed 2017 Combes 2018
Fredenburgh 2018 Beitler 2019
Mahmoodpoor 2018 Constantin 2019
Fowler 2019 He 2019
Matthay 2019 Hodgson 2019
Moss 2019 Kung 2019
Zhen 2019 Lam 2019
Ranieri 2020 Rezaiquia-Delclaux 2019
Sobhy 2020 Barrot 2020
Villar 2020 Salem 2020

1 2 3 4 5 6 7 1 2 3 4 5 6 7

Pharmacological and fluid management strategies Mechanical ventilation and respiratory strategies

Bias domain

Fig 2. Risk of bias for mortality outcomes in ARDS RCTs. Domains were specified and adjudicated as per the Cochrane risk-of-bias tool.
RCTs were divided by intervention type and ordered by year of publication. ARDS, acute respiratory distress syndrome.
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13 (8.7%) RCTs that did not specify the mortality time point
were felt to be at unclear risk (Fig. 2).

Assessment of concordance of inclusion criteria to
ARDS consensus definitions

The AECC definition was used in 117 of 150 (78.0%),”** the
Berlin definition in 29 of 150 (19.3%),"** 2 and the composite
Murray score’®® in four RCTs'®* %7 as ARDS inclusion criteria,
resulting in 146 RCTs, where components of inclusion criteria
were assessed further. Only three of 32'7'*3 RCTs that
commenced recruitment of patients after publication of the
Berlin definition did not use it to specify RCT inclusion criteria.
The most commonly reported P:F ratio inclusion thresholds,
below which patients were included in the RCT, were <26.6
kPa (63/146; 43.2%) and <39.9 kPa (64/146; 43.8%) (Table 1). The
P:F ratio maximum threshold was concordant with the Berlin
definition in 26/29 (89.7%) RCTg!4 136,138-149,151,152,154-161
compared with 101/117 (86.3%) RCTs'® 3%36:38-44,46,50-74,76,
78-86,88-109,111,112,114-130,133,137 ¢ 2+ used the AECC definition.
Bilateral chest infiltrates on the chest radiograph (CXR) were
used in 118/146 (80.8%) RCTs.!/~1121147133,137,138 The CXR or CT
findings (as per the Berlin definition) were used in 27/146
(18.5%) of RCTs. 3471361397162 gxclusion of cardiac involvement
conformed to the AECC definition (absence of clinical evidence
of left atrial hypertension or pulmonary arterial wedge pres-
sure >18 mm Hg) in 121/146 (82.9%) RCTs, /1331377139143 gng
was consistent with the Berlin definition (not explained by
cardiac failure or overload) in the remaining 25/146 (17.1%)
RCTs,1347136,1407142,144162 11y accordance with the Berlin defi-
nition, a minimum PEEP of 5 cm H,;0 was specified in all 29
RCTs using this definition. The AECC definition does not
specify a minimum PEEP value, and 96/117 (82.1%) RCTs? 3%
39-43,50-60,62—76,78—86,88—102,106,107,109,111-119,121-124,127—130,132,133

that used this definition did not specify a minimum PEEP
value. Time since symptom onset was specified in 34/146
(23.3%) RCTs,?2%7+4275,80,1347162 jn cluding all 29 RCTs, where the
Berlin definition was used (median: 7 days; range: 3—28 days).

Assessment of deviation of inclusion criteria from
ARDS consensus definitions

Deviations from the consensus criteria for P:F ratio were P:F
<20.0 kPa (11/146; 7.5%),%%3745,47=49,77,87,113,150,153 p.r 33 3 kpa
(4/146; 2.7%),7110:132,162 p.F <26.6 kPa with PEEP >5 cm H,0 or
P:F <39.9 with PEEP >10 cm H,0 (1/146; 0.7%),"° P:F <29.9 kPa (1/
146; 0.7%),'® P:F <22.6 kPa (1/146; 0.7%),'% and P:F <6.7 kPa for
>3 h or P:F <10.6 kPa for >6 h (1/146; 0.7%)."*

Ten of 146 (6.8%) RCTs specified an additional minimum P:F
ratio threshold below which patients were
excluded.?>%°7,88,104,106,128,139,145,157 This minimum threshold
varied from 8.0 to 26.6 kPa. Twelve (8.2%) RCTs specified
standardised FiO, settings that ranged between 0.5 and
1.0,36:42,47,48,53,61,62,110,125,131,139,158

Deviation from radiological criteria was noted in six (4.1%)
RCTs'7185253,67.81 that stipulated the presence of infiltrates in
more than three or four CXR quadrants, and one (0.7%) RCT**?
that used CT criteria only. Four (2.7%) RCTs'* 139143 that used
the Berlin definition instead used criteria from the AECC
definition to exclude cardiac involvement. Amongst RCTs us-

ing the AECC definition, 22/117
(18.8%)5 3745 -49,61,77,87,103,104,110,120,125,126,131  gpacified  a

minimum value for PEEP. In RCTs using the Berlin definition, 3/
29 (10.3%) 47150158 gpecified PEEP >5 cm H,0. One hundred and
seventeen of 146 RCTs (80.1%) specified inclusion criteria
related to illness duration before enrolment. Time since ARDS

onset was specified in 66/146 (45.2%; median: 2 days; range:
1-7) RCTs.l/ 2128 3436,42-45,48,49,52,53,61,62,64-67,71-78,81,84,85,87 89,

92,93,96,102—104,106,107,110,112,118,119,122,123,130,135—138,141,142,147,148,150,

153,161 Maximum time since intubation was specified in 29/146
(19.9%; median: 3 days; range: 1-10)
RCTs, 243544,47,53,54,60,61,63,64,90,92,93,105,113-116,124,126,127,131,132,134,
136,141,145,150,152,162 Minimum time since intubation was speci-
fied in seven (4.8%; median: 1 day; range: 0.33-1)
RCTs.3>6970.91105,113,140 Time since admission was specified in
three (2.1%; median: 2 days; range: 2—2) RCTs.>%>%%°

Twenty (13.7%) RCTs?4?5:31,37:42:48,49,90,94,98,105,114-117,120,131,
132,153,158 stipulated a confirmatory time period, between 30
min and 24 h, during which ARDS needed to persist for
enrolment into the trial. Eight of these RCTs reported a
confirmatory time period between 12 and 24 h. Although 94.7%
(142/150) of RCTs were conducted in invasively ventilated pa-
tients, six (4.0%) included patients receiving noninvasive
ventilation®*°7128139151 and two (1.3%) did not clearly state
how patients were being ventilated.”*33

Assessment of between-trial variance (%) in control-
arm 28-day mortality and impact of differences in
inclusion criteria

Mortality outcomes were reported in 125 of 146 (85.6%) RCTs
(Supplementary Fig. S2). The 28-day mortality was reported in
73 (50.0%) RCTs, 30-day mortality in two, and extrapolated
from a further nine RCTs using GraphClick, resulting in 84
RCTs with primary outcome for meta-analysis. There was
significant variance in control-arm mortality at 28 days be-
tween RCTs, with a random effects estimated mean mortality
of 29.8% (95% confidence interval [CI: 27.0—32.7%; range:
3.6-69.7%; 12=88.8% (84.4-92.3%); ©°=0.015 (0.011—0.023);
P<0.01) (Fig. 3a; Supplementary Fig. S4).

The 28-day mortality in RCTs that used a P:F ratio inclusion
threshold of <26.6 kPa (35.1%; 95% CI: 31.8—38.4%) was higher
compared with RCTs using a P:F ratio inclusion threshold be-
tween 26.6 and 39.9 kPa (25.7%; 95% CI: 21.9—-29.7%). Mean
mortality did not significantly differ between RCTs with other
additional inclusion criteria differences: specification of mini-
mum P:F ratio threshold below which patients were excluded,
definition of imaging findings, definition for exclusion of car-
diac involvement, time windows for inclusion (symptom onset,
ARDS onset, intubation, admission, and confirmatory time
period), and specification of PEEP >5 cm H,0 or FiO, (Fig. 3a).

Within-trial variance that cannot be explained by study-
level variables accounted for 11.4% (95% CI: 7.7—16.0%) of to-
tal variance. Therefore, 88.6% (95% CI: 84.0—92.3%) of total
variance was a result of between-trial variance (I?). A meta-
regression model, including all inclusion criteria variables
and RCT design characteristics, accounted for a total of 30.6%
(95% CI: 17.7—43.5%) of the between-trial variance (R?).

The P:F ratio inclusion threshold was the only variable in
the model significantly associated with control-arm 28-day
mortality (P<0.01). Therefore, 69.4% (95% CI: 56.5-82.3%) of
the between-trial variance remained unexplained by inclusion
criteria differences (Fig. 3b; Supplementary Tables S5 and S6).
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a
i o Trials Patients 28-day control arm  95% CIl Interaction
Inclusion criteria mortality (%) P-value

Overall 84 10952 29.8 ¢ 27.0-32.7
Consensus definition

Maximum P:F ratio threshold (kPa)

26.6-39.9 40 6105 257 ] 21.9-29.7 <0.01
<26.6 44 4847 35.1 u 31.8-38.4
Minimum P:F ratio threshold specified

No 79 10767 30.6 [ | 27.9-33.5 0.41
Yes 5 185 24.5 —_— 12.3-39.3
Description of radiographic findings

Bilateral infiltrates on CXR 63 8925 31.5 [ ] 28.5-34.6 0.33
Bilateral infiltrates on three or four quadrants on CXR 4 317 257 e 16.3-36.4

Bilateral infiltrates on CXR or CT 17 1710 26.9 —- 20.0-34.3
Exclusion of cardiac involvement

No clinical evidence of LA hypertension/PAWP <18 mm Hg 69 9373 31.3 [ | 28.2-34.5 0.13
Not explained by cardiac failure or overload 15 1579 26.1 - 20.5-32.1

PEEP >5 cm H,0

No 75 9725 29.7 [ ] 26.8-32.7 0.17
Yes 9 1227 354 —  27.9-43.3

Time since symptom onset

No 63 8354 31.0 [ | 27.9-34.1 0.46
Yes 21 2598 28.4 - 22.5-34.7
Additional criteria

Time since ARDS onset

No 40 3336 31.7 - 27.1-36.6 0.36
Yes 44 7616 291 [ | 26.0-32.3

Time since intubation (maximum)

No 64 7795 31.3 [ | 27.8-34.9 0.16
Yes 20 3157 27.7 - 241-31.4

Time since intubation (minimum)

No 80 10651 30.1 B 27.3-33.0 0.51
Yes 4 301 35.7 20.2-53.0

Time since admission

No 82 10906 30.0 B 27.2-32.9 0.03
Yes 2 46 45.8 —31.9-60.0
Confirmatory time period

No 73 9110 29.7 [ ] 26.7-32.7 0.25
Yes 11 1842 34.2 — 272416

FiO2

No 73 9643 30.9 [ | 27.9-34.0 0.32
Yes 11 1309 27.0 — 20.4-34.1

RCT characteristics

Year of publication

1996-2000 8 824 33.1 - 29.9-36.3 0.51
2001-2005 16 1503 31.8 —_ 24.9-39.2
2006-2010 15 2953 30.7 - 24.7-37.0
2011-2015 19 2906 28.4 - 23.6-33.4
2016-2020 26 2766 28.8 - 23.4-34.6

World bank country income group (first author)

Middle 17 1250 31.3 —  23.5-409 0.68
High 67 9702 29.9 [ ] 27.3-32.7
Multicentre trial

Yes 59 10129 29.6 [ | 26.8-32.5 0.43
No 25 823 32.6 — 25.8-39.9

Patients in control group

0-25 19 320 33.1 — 26.1-40.5 0.17
26-50 17 540 36.1 —  28.7-43.7

51-100 12 876 321 — 24.3-40.4

101-200 16 2205 24.6 —-— 18.6-31.2

>200 20 7011 291 || 25.9-32.5

0 20 40 60
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Total variance

winn-sucy 1.4% [

RCT characteristics 1.8%

Between-study (/)
88.6°%

Proportion of
between-study
variance explained
(R?) 30.6%

Inclusion criteria 28.8%

Unexplained
69.4%

Fig 3. (a) Univariate, weighted analysis of the impact of inclusion criteria and RCT characteristics on 28-day mortality. (b) Results of a meta-
regression model of the impact of inclusion criteria and RCT characteristics on 28-day mortality. Total variance is made up of between-
and within-study variance. Within-study variance cannot be explained using study-level factors. I? is the proportion of variance in ARDS
RCTs that is attributable to between-trial variance. The proportion of between-trial variance that can be explained (R?) is 30.6%; inclusion
criteria (28.8%), and RCT design characteristics (1.8%); 69.4% of between-trial variance remained unexplained. ARDS, acute respiratory
distress syndrome; CI, confidence interval; CXR, chest radiograph; P:F, Paoy:FiO,; LA, left atrial; PAWP, pulmonary artery wedge pressure.

Assessment of exclusion criteria and justification
framework

Of 150 RCTs, 141 (94.0%) reported exclusion criteria. Of the
nine RCTs that did not report exclusion criteria, five were
published after the Consolidated Standards of Reporting Trials
(CONSORT) 2010 guidelines.®® Definitions of exclusion criteria
varied greatly between RCTs (Supplementary Table S4). For
example, hepatic disease was variably defined within RCTs
based on specific factors, including bilirubin level, trans-
aminase concentration, Child—Pugh grade, and evidence of
cirrhosis, or non-specifically as chronic liver disease or acute
liver failure (Supplementary Table S4).

The exclusion criteria reported in ARDS RCTs were then
categorised based on the justification framework proposed by
Van Spall and colleagues® (Fig. 4). To do this evaluation, we had
to modify this framework in four ways: (i) by including two
additional but important ARDS specific categories: acute
illness severity and barotrauma; (ii) changing the domain
‘related to female gender’ to ‘pregnancy related’ to avoid
conflating the two issues; (iii) by not including a lower age limit
category, as we were assessing adult ARDS RCTs; and (iv) by
not including the ‘potentially justified’ category. As defined by
Van Spall and colleagues,® potentially justified criteria relate to
potential patient non-adherence to intervention or follow-up
that cannot be classified as poorly/strongly justified. We did

notidentify any potentially justified criteria in ARDS RCTs, and
therefore opted to simplify the justification framework.

The exclusion criteria in RCTs with strong justification were
comorbidities neurological (73/78; 93.6%), respiratory (70/70;
100%), cardiac (55/55; 100%), life expectancy (long-term prog-
nosis [33/33; 100%)]; short-term prognosis [41/41; 100%]), acute
illness related (acute illness severity [58/58; 100.0%]; baro-
trauma [34/34; 100%]), participation in another trial (55/55;
100%), inability to obtain consent (46/46; 100%), and medica-
tion related (45/45; 100%) (Fig. 4; Supplementary Table S3). The
exclusion criteria in RCTs with poor justification were preg-
nancy related (76/83 [80.5%]; upper age limit [17/17; 100%]) and
the following comorbidities: infectious/immunosuppression
(50/50; 100%), hepatic (49/61; 80.3%), renal (27/34; 79.4%), and
human immunodeficiency virus/acquired immunodeficiency
syndrome (15/16; 93.8%) (Fig. 4; Supplementary Table S4).

Sensitivity analysis

Between-trial and overall relationships between inclusion
criteria and mortality remained consistent and unchanged
after the inclusion of lung-protective strategy as a variable in
the meta-regression model. Similarly, meta-regression with
mortality time points (28-day/60-day/ICU/hospital mortality)
as an independent categorical variable, or exclusion of RCTs
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Pregnancy-related -

Upper age limit -

| [o1udesBoweq]

Neurological -

Respiratory

Hepatic -

Cardiac -

Infectious/immunosuppression -

Haematological -

Renal

Aypiguowon

Malignancy -

HIV/AIDS -

Cerebrovascular -

Rheumatological

Gastrointestinal -

Exclusion criteria category

Endocrine -

Short-term prognosis (<1 week) -
Long-term prognosis (>1 week) -

Decision to limit care -

|[ Aouejoedxe oy ||

lliness severity -
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Medication-related -
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50
Percentage of trials (%)

l Not reported M Reported and poorly justified B Reported and strongly justified

Fig 4. Categories of exclusion criteria reported in ARDS RCTs. ARDS, acute respiratory distress syndrome; HIV/AIDS, human immuno-
deficiency virus/acquired immunodeficiency syndrome.
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that used a P:F ratio inclusion threshold other than 26.6 or 39.9
did not alter findings. Univariate and multivariate models for
these analyses are reported in Supplementary Figures S5—S7.

Discussion

Although 97% of ARDS RCTs use consensus definitions for in-
clusion criteria, we observed deviations from the consensus
definitions that were primarily aimed to increase the certainty
of ARDS diagnosis, such as duration of hypoxaemia after
ventilation, in more than 80% of ARDS RCTs. Importantly, the
transition from the AECC definition to the Berlin definition has
improved overall concordance between individual elements of
the RCT inclusion criteria and the consensus definition. As
predicted, there was significant variance in control-arm mor-
tality. However, these additional refinements of ARDS inclu-
sion criteria did not explain the observed variance, over and
above the effect of severity of hypoxaemia on control-arm
mortality. We illustrate that the justification framework re-
ported by Van Spall and colleagues® is a feasible tool to assess
the exclusion criteria reported in ARDS RCTs, the tool requires
modification, and that many exclusion criteria in ARDS RCTs
were poorly justified. We provide a novel assessment of the
concordance of inclusion criteria in ARDS RCTs to the ARDS
consensus definitions and its impact on control-arm mortality.

For assessing the impact of inclusion criteria differences,
we explored how consensus definitions were modified as
ARDS RCT inclusion criteria and assessed individual contri-
butions to outcome. Our finding that there is significant het-
erogeneity in control-arm mortality is consistent with a
previous meta-analysis that included RCTs between 1984 and
2006.% Importantly, deviations from the consensus criteria,
such as use of standardised ventilator settings for PEEP and
FiO, when defining ARDS, 169,170 delayed reassessment of
patients to confirm ARDS diagnosis (confirmatory
period),’””>? and classification based on time of onset into
early or late ARDSY® was thought to improve ARDS diagnosis
or enrich for adverse outcome. These had negligible impact on
28-day mortality over and above the P:F ratio strata. Our ana-
lyses highlight that severity of hypoxaemia is the only inclu-
sion criterion that reliably stratifies ARDS patients by risk of
death, which is consistent with the predictive validity ana-
lyses reported in the Berlin ARDS definition.

We also highlight that the justification framework pro-
posed by Van Spall and colleagues® requires modification for
use in ARDS RCTs. Based on our analysis, we propose two
classes of exclusion criteria, namely, strongly justified and
poorly justified, and that exclusion criteria could be linked to
the intervention tested. This proposal has validity, as exclu-
sion criteria that we categorised as poorly justified in ARDS
RCTs have also been highlighted in non-critical care
RCTs.®Y%175> For example, instead of blanket exclusion of
women of reproductive age attributable to pregnancy-related
risk, the framework we propose would consider whether
excluding pregnant patients was strongly or poorly justified
for the specific intervention that is being trialled. If the inter-
vention does not have teratogenic properties (e.g. mechanical
ventilation), then pregnancy need not be an exclusion.
Extending this argument, we could also consider whether re-
sults from a trial are useful when managing patients with an
exclusion criterion in that trial. This issue is seldom consid-
ered during clinical practise.

Aside from eligibility criteria, heterogeneity in mortality
outcomes between RCTs can be attributed to setting and

design characteristics, such as geographic and socio-economic
population differences,’®'’® unreported exclusion of pa-
tients,'’” and differences in post-randomisation care between
RCTs.'®

Strengths and limitations

We report the first assessment of ARDS RCT eligibility criteria
as a reason for between-trial differences in control-arm mor-
tality. We pre-registered with PROSPERO and reported in
accordance with PRISMA recommendations. Our exclusion
criteria framework could be used for RCT design and pro-
spective reporting. This would inform whether the results of a
specific ARDS RCT would apply to patients with one or more of
the RCT exclusion criteria, but without a known risk of harm
from the intervention.

We applied the Cochrane risk-of-bias tool to explore bias
between RCTs, but did not alter our analysis to account for
this. This was because the primary outcome, control-arm
mortality, is unlikely to be influenced by risk of bias. As
we do not know which exclusion criteria were specifically
met by patients excluded from RCTs, we were unable to
assess their impact on mortality. We used year of publica-
tion rather than year of enrolment as the time variable in
our analysis because the latter was not always reported. In
a proportion of RCTs, where individual components of the
inclusion criteria were not specified, inclusion criteria were
assumed to correspond to the stated definition. We specif-
ically focused on 28-day mortality, which was not available
in 66 RCTs, and grouped RCTs by P:F ratio inclusion
threshold (26.6—39.9 and <26.6) to assess concordance with
consensus definitions. Both issues are addressed within our
sensitivity analyses, which were consistent with our main
analysis.

We need to ascertain whether our modified exclusion
criteria framework is implementable in future ARDS RCTs.
Furthermore, it will be important to consider how to record
multiple exclusion criteria in a single patient, within the
CONSORT framework, which can be explored using a clin-
ical database. Various definitions of exclusion criteria can
be simulated to examine their impact upon an RCT
population.

Conclusion

In most ARDS RCTs, the consensus definitions are modified to
use as inclusion criteria. Most of the between-RCT differences
in mortality are accounted for by the P:F ratio threshold within
the consensus definitions. Exclusion criteria definitions were
different between RCTs. We provide a simplified exclusion
criteria framework to be applied when designing and reporting
exclusion criteria in future ARDS RCTs.
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