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Abstract

Background: Oxygen is the commonest intervention provided to critically ill patients requiring mechanical ventilation. Despite
this, it is unclear how much oxygen should be administered to patients in order to promote the best clinical outcomes and
it has been suggested that a strategy of conservative oxygen therapy (COT) may be advantageous. We therefore sought
to answer the question of whether COT versus usual or liberal oxygen therapy was beneficial to adult patients receiving
mechanical ventilation on an intensive care unit (ICU) by performing a systematic review and meta-analysis.

Methods: Studies were included if they were randomised controlled trials comparing COT to liberal or usual oxygen
therapy strategies in acutely ill adults (aged = | 8years) admitted to an ICU, and reported an outcome of interest. Studies
were excluded if they were limited to a specific single disease diagnosis. The review was registered on PROSPERO
(CRD42022308436). Risk of bias was assessed using a modified Cochrane Risk of Bias assessment tool. Effect estimates
were pooled using a random effects model with the between study variance estimated using restricted maximum likelihood
and standard errors calculated using the method of Hartung-Knapp/Sidik-Jonkman. Between study heterogeneity was
quantified using the |2 statistic. The certainty in the body of evidence was assessed using GRADE criteria.

Results: Nine eligible studies with 5727 participants fulfilled all eligibility criteria. Trials varied in their definitions of COT
and liberal or usual oxygen therapy. The pooled estimate of risk ratio for 90 day mortality for COT versus comparator
was 0.99 (95% confidence interval 0.88—1.12, 95% prediction interval 0.82—1.21). There was low heterogeneity among
studies (2=22.4%). The finding that mortality was similar for patients managed with COT or usual/liberal oxygen therapy
was graded as moderate certainty.

Conclusions: In critically ill adults admitted to an ICU, COT is neither beneficial nor harmful when compared to usual or
liberal oxygen therapy. Trials to date have been inconsistent in defining both COT and liberal or usual oxygen therapy,
which may have had an impact on the results of this meta-analysis. Future research should focus on unifying definitions
and outcome measures.
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ventilation are at greater risk of harm from the toxic
effects of oxygen through exacerbation of pathophysiol-
ogy related to ventilator-induced lung injury.? As a result,
a strategy of ‘permissive hypoxaemia’ was proposed for

Introduction

The titration of supplemental oxygen to achieve a mini-
mum threshold or specific range of arterial oxygenation,
either in terms of peripheral oxygen saturation (SpO,) or
arterial partial pressure of oxygen (PaO,) is one of the

commonest interventions for patients on an intensive care
unit (ICU). This practice has traditionally focused on
maintaining adequate arterial oxygenation in order to pre-
vent the potential harm that may occur secondary to tissue
hypoxia. However, evidence exists to suggest that an
excessively high fraction of inspired oxygen (FIO,) and/
or PaO, may be detrimental to lung function and lead to
excessive mortality, commonly termed oxygen toxicity.!-?
It is also plausible that patients receiving mechanical
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the management of patients requiring mechanical ventila-
tion with the hypothesis that lowering the FIO, would
reduce the impact of oxygen toxicity and therefore
improve survival.*¢ Following a number of conflicting
retrospective database analyses”® an era of randomised
controlled trials (RCTs) began, to evaluate what is now
termed ‘conservative oxygen therapy’ (COT). These trials
have sought to determine whether administering less oxy-
gen to patients, by targeting lower levels of arterial oxy-
genation results in improved survival from critical illness.
Trials of this nature are now being published in rapid suc-
cession, so it is important to update the process of data
synthesis in order to understand the overall picture of
benefit versus harm for COT.

The aim of this systematic review and meta-analysis
was to provide an up-to-date synopsis of currently pub-
lished data related to the evaluation of COT in a mixed
(heterogenous) cohort of critically ill adults requiring
mechanical ventilation on an ICU.

Methods

This review was registered on PROSPERO (CRD420
22308436) on May 4th 2022; no formal protocol manu-
script was prepared. The review was reported according
to the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) reporting guidelines.!?

Search strategy

Searches were conducted on September 6th 2022 of the
following databases:

e MEDLINE

e Embase

e Cochrane Central Register of Controlled Trials
(CENTRAL)

e VHL Regional Portal (LILICS, IBECS, BBO
Dentistry, CUMED and Index Psychology)

The WHO International Clinical Trials Registry Portal
(ICTRP) was searched on September 6th 2022. Full details
of the search strategy, which was based on a previously pub-
lished systematic review of COT in hospitalised patients,!!
are provided in the Supplemental Data. Reference lists of
review articles identified by the search were also screened
to identify any additional relevant studies.

Selection criteria

Studies were included if they met the inclusion of being
an RCT comparing liberal (or usual) oxygenation to
conservative oxygenation in acutely ill adults (aged
=18 years) admitted to an ICU, and reported an outcome
of interest. Studies were excluded if they were limited to:
patients undergoing elective surgery, patients with chronic
respiratory illness, extracorporeal life support, hyperbaric
oxygen therapy, comparison between different oxygen
delivery modalities, pregnant patients or patients with

psychiatric illness. We restricted this further to identify
studies of general critically ill patients, including hetero-
geneous syndromes such as sepsis or acute respiratory
distress syndrome (ARDS) but excluding specific groups
such as patients admitted to critical care following cardiac
arrest or stroke.

Two reviewers (DM and HM) independently screened
titles and abstracts. The full text of all studies that either
reviewer identified as potentially eligible were retrieved
and the same two reviewers independently screened these
against the inclusion and exclusion criteria, with any disa-
greements resolved through consensus.

Analysis

Two reviewers (DM and DH) independently extracted
data for eligible studies using a standardised pro forma.
The outcome of interest was mortality at 90 days follow-
ing randomisation. Where this was not available, either
the closest available time point prior to 90 days (e.g. 30
or 60days) or mortality at hospital discharge was used
as a substitute. Where data on more than one population
were reported, data from the full intention-to-treat popu-
lation were extracted. Risk of bias was assessed inde-
pendently by two reviewers (DM and DH) using the
Cochrane Risk of Bias assessment tool version 1,2 mod-
ified to remove assessment of risk of bias from lack of
blinding of participants and personnel as this was not
deemed possible. A study was classified as at high risk
of bias overall if one or more domains were high risk.
The effect estimate was the log risk ratio. Effect esti-
mates were pooled using a random effects model with
the between study variance estimated using restricted
maximum likelihood (REML),!® and standard errors
calculated using the method of Hartung-Knapp/Sidik-
Jonkman.!* Between study heterogeneity was quantified
using the /2 statistic. A 95% prediction interval for the
overall result (providing a plausible range for the effect
size in a future study) was presented in addition to the
95% confidence interval. The primary analysis included
all eligible studies, with a sensitivity analysis restricted
to studies judged to be at low risk of bias. A contour-
enhanced funnel plot was used to assess the risk of bias
due to missing results.!S The certainty in the body of
evidence for the effect of conservative versus liberal
oxygen therapy on mortality in critically ill adults was
assessed independently by two reviewers (DM and DH)
using GRADE criteria.'® The initial quality of the body
of'evidence was assessed as high, due to the study design
of randomised trials. This was subsequently downgraded
for the presence of risk of bias, inconsistency, indirect-
ness, imprecision and/or publication bias.

We also conducted a post-hoc sensitivity analysis to
include only trials that used an intended COT target of (or
approximately equivalent to an SpO, of 88%-92%) to
exclude trials where the COT target might be considered
by some to be insufficiently conservative.

All statistical analyses were conducted in Stata/MP
version 16.1 (StataCorp LP, College Station, TX).



Martin et al.

401

Identification of new studies via databases and registers Identification of new studies via other methods
g
—
c Records identified from: Records removed before Records identified from:
o MEDLINE (n=393) N screening: Reference lists of review
® Embase (n=1243) Duplicate records removed articles (n=12)
2 CENTRAL (n=17) (n=350)
] VHL Regional Portal (n=179)
§ ICTRP (n=46)
Records screened .| Records excluded
(n=1528) g (n=1503)
l A 4
= Reports sought for retrieval .| Reports not retrieved Reports sought for retrieval Reports not retrieved
£ (n=25) ? (n=0) (n=10) (n=0)
c
@
o
; i ,
Reports assessed for Reports excluded: Reports assessed for Reports excluded:
eligibility > Incorrect study design (n=6) eligibility > lncorre<.:t patient
(n=25) Incorrect patient population (n=10) population (n=6)
(n=8) Duplicates (n=1)
Secondary/subgroup analysis ]:E‘:mm study design
of included study (n = 4) (n=1)
A A 4
Studies included in review Studies included in review
(n=7) (n=2)
Reports of included studies Reports of included studies
(n=7) (n=2)
2 v
°
% Total studies included in
£ review
(n=9) B
Total reports of included D
studies
(n=9)

Figure |. PRISMA flow diagram.

Source: For more information, visit: http://www.prisma-statement.org/.

Results

The search identified 1878 records; once duplicates were
removed, 1528 unique records were screened for eligibil-
ity (Figure 1). Full texts were obtained for 25 publica-
tions, which yielded seven eligible studies.!’23 Screening
of reference lists from review articles identified a further
10 publications, two of which were eligible studies 2425,
resulting in a total of nine eligible studies that were
included in the review. A list of studies excluded at the
full text examination stage, along with the reasons for
exclusion, is provided in the Supplemental Data section.
Trial registry searches identified five additional studies
likely to be eligible, detailed in the Supplemental Data.
Four of these studies are currently recruiting, with the
recruitment status of the other study unclear.

Study characteristics

There were nine eligible trials with a total of 5727 par-
ticipants; the included studies are summarised in
Table 1. Trial size ranged from 348 to 2888% partici-
pants. Whilst intervention and comparator could be clas-
sified into either lower or higher oxygenation targets for
all studies, there was considerable variation in how these
were defined and subsequently there was overlap of

targets between trials. Trials also differed in their use of
SpO,18:20.21,23.24 or Pa0,!72% as the chosen target, whilst
some used a combination of both.!%?2 The comparator to
COT included liberal blood oxygenation targets,!”72
approximately normal blood oxygenation targets, !8.19:23.25
and an FIO, greater than 0.21.20-2224 The duration of the
interventions also varied, with the shortest being 24 h?!
and longest being up to 90 days.?® Trials took place in
Europe,!7-1921.22.25 Aystralia and New Zealand?-23 and
China?4; with all studies including more males than
females.

Risk of bias

Of the nine included studies, risk of bias was assessed as
low in all domains for six studies (Figure 2), although it
was noted that blinding of participants and personnel was
not possible in any study. Of the three studies assessed as
high risk of bias,!”-192! two studies were stopped early; one
due to possible harm from both interventions (this was a
two-by-two factorial trial also evaluating the effect of
hypertonic saline)?! and the other for a potential increased
risk of serious adverse events and futility,!° resulting in
potentially biased estimates of treatment effect. In addi-
tion, two further trials failed to reach the target number of
participants due to poor recruitment, but this was not felt
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Figure 2. Risk of bias assessment.

2Only blinding of outcome assessment evaluated; impossible to blind participants or personnel.
®Downgraded due to post-randomisation exclusion of almost one-third of patients for lack of informed consent.

cTerminated early due to slow recruitment, not data-driven.

dDowngraded due to data-driven early termination for either apparent benefit (Girardis et al.22) or harm (Barrot et al.'?).

Risk Ratio Weight
Study Conservative Liberal with 95% Cl (%)
Gelissen et al 2021 72/205 (35.1) 67/195 (34.4) —L— 1.02[0.78, 1.34] 9.46
Martin et al 2021 7/16 (43.8) 5/16 (31.3) 1.40[0.56, 3.49] 0.98
Schjerring et al 2021 618/1441 (42.9) 613/1447 (42.4) ] 1.01[0.93, 1.10] 36.50
Barrot et al 2020 44/99 (44 .4) 31/102 (30.4) 1.46[1.01, 2.11] 5.53
Mackle et al 2019 166/479 (34.7)  156/480 (32.5) —i— 1.07[0.89, 1.27] 17.56
Yang et al 2019 26/100 (26.0) 37/114 (32.5) —— 0.80[0.52, 1.22] 4.26
Asfar et al 2017 90/217 (41.5) 104/217 (47.9) —— 0.87[0.70, 1.07] 13.90
Girardis et al 2016 58/235 (24.7) 80/243 (32.9) —a— 0.75[0.56, 1.00] 8.51
Panwar et al 2016 21/52 (40.4) 19/51 (37.3) —_— 1.08[0.67, 1.76] 3.31
Overall @ 0.99[0.88, 1.12]
Heterogeneity: ©* = 0.00, I* = 22.43%, H® = 1.29
Test of 6, = 6;: Q(8) = 12.10, p = 0.15 Favours conservative | Favours liberal
Test of 6 = 0: (8) = -0.18, p = 0.86

0.5

1.0
Risk Ratio

2.0

Figure 3. Meta-analysis of the effect of conservative versus liberal oxygen therapy on 90day mortality for critically ill patients.
The diamond around the overall result shows the 95% confidence interval and the horizontal line the 95% prediction interval for a future study.

to have led to bias.'®22 One trial was assessed as having a
high risk of bias as over 30% of participants were excluded
post-randomisation due to a failure to obtain written
deferred consent from the patient or their legal representa-
tive within 24 h following randomisation.!”

Primary outcome

All studies reported 90day mortality except Girardis
et al.22 in which mortality was only reported to hospital
discharge. The pooled estimate of risk ratio for 90day
mortality for conservative versus liberal oxygenation was

0.99 (95% confidence interval 0.88—1.12, 95% prediction
interval 0.82—1.21; Figure 3). There was low heterogene-
ity among studies (I2=22.4%). Results were similar when
restricted only to studies with low risk of bias (Figure 4)
but heterogeneity was further reduced (risk ratio 1.00,
95% confidence interval 0.90—1.11, 95% prediction inter-
val 0.89-1.12, =0.0%). There was no evidence of fun-
nel plot asymmetry (Figure 5).

The finding that mortality was similar for patients
managed with conservative or liberal oxygen therapy was
graded as moderate certainty. The evidence was down-
graded one step for imprecision, as the 95% confidence
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Overall

Heterogeneity: t* = 0.00, I* = 0.00%, H*> = 1.00
Test of 6,=6: Q(5) =6.14, p=0.29

Test of 6 = 0: t(5) = -0.03, p = 0.97

Favours conservative

Risk Ratio Weight
Study Conservative Liberal with 95% Cl (%)
Martin et al 2021 7/16 (43.8) 5/16 (31.3) 1.40[0.56, 3.49] 0.61
Schjerring et al 2021 618/1441 (42.9) 613/1447 (42.4) ] 1.01[0.93, 1.10] 71.85
Mackle et al 2019 166/479 (34.7)  156/480 (32.5) —— 1.07[0.89, 1.27] 16.21
Yang et al 2019 26/100 (26.0) 37/114 (32.5) —_— 0.80[0.52, 1.22] 2.87
Girardis et al 2016 58/235 (24.7) 80/243 (32.9) — 0.75[0.56, 1.00] 6.27
Panwar et al 2016 21/52 (40.4) 19/51 (37.3) —_— 1.08[0.67, 1.76] 2.18

) 4

1.00[0.90, 1.11]

Favours liberal

0.5

1.0 2.0

Risk Ratio

Figure 4. Meta-analysis of the effect of conservative versus liberal oxygen therapy on 90 day mortality for critically ill patients in

studies at low risk of bias.

The diamond around the overall result shows the 95% confidence interval and the horizontal line the 95% prediction interval for a future study.
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Figure 5. Contour-enhanced funnel plot to assess risk of
bias due to missing results.

interval did not rule out a potentially important difference
in outcome favouring either conservative or liberal oxy-
gen therapy.

Post hoc sensitivity analysis

A sensitivity analysis was performed which only included
trials with a COT SpO, target of 88%—92% (or an approx-
imately equivalent PaO,). Four trials fulfilled that criteria,
contributing a total 0f 3224 patients to the analysis. 8192325
The pooled estimate of risk ratio for 90 day mortality for
conservative versus liberal oxygenation was 1.13 (95%
confidence interval 0.85-1.51, 95% prediction interval
0.55-2.34; Figure 6).

Discussion

This systematic review and meta-analysis of nine trials
that included 5727 adult patients demonstrated that in a

mixed population of critically ill patients, a lower (COT)
versus higher (liberal or usual oxygen therapy) oxygena-
tion target did not result in a difference in 90 day mortal-
ity. This finding is consistent with previous meta-analyses
that were performed prior to the inclusion of more recent
studies.?0-28 Overall, no meta-analysis of COT in this
cohort of patients has shown the intervention to be either
beneficial or harmful in terms of survival. In only one
meta-analysis that separated trials into normoxaemia
versus hyperoxaemia and relative hypoxaemia versus
normoxaemia were the highest oxygen therapy targets
associated with the highest mortality.?” Our post hoc sen-
sitivity analysis which only included trials which imple-
mented a COT target of approximately 88%—-92% also
found no difference in mortality between the intervention
and comparator groups (Figure 6). The addition of new
trials to previous analyses has not altered the overall pic-
ture of COT being neither harmful nor beneficial in criti-
cally ill patients. Whether COT effects specific sub-groups
of patients differently remains to be seen.

Schjerring et al.’s trial contributed 50% of the patients
included in this analysis so should be considered in more
detail as it will have had the greatest influence on the
overall results of this review.?® The trial enrolled adults
with acute hypoxaemic respiratory failure admitted to an
ICU who were receiving at least 10L per minute of oxy-
gen via an open system (e.g. face mask) or 50% oxygen
via a closed system (e.g. invasive or non-invasive ventila-
tion). The COT group had a target of a PaO, of 8kPa
whilst in the comparator group it was 12 kPa. The major-
ity of patients had a diagnosis of pneumonia and were
receiving mechanical ventilation at the time of enrolment.
One of the key issues with the trial was that a median
PaO, of only 9.4kP (IQR 8.9-10.2) was achieved in the
COT groups, compared to a median of 12.4 (IQR 11.6—
13.2) in the comparator group (Table 2). So, whilst there
was reasonable separation of oxygenation between the
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Risk Ratio Weight
Study Conservative Liberal with 95% ClI (%)
Martin et al 2021 7/16 (43.8) 5/16 (31.3) 1.40[0.56, 3.49] 0.61
Schjerring et al 2021  618/1441 (42.9) 613/1447 (42.4) B 1.01[0.93, 1.10] 71.85
Mackle et al 2019 166/479 (34.7)  156/480 (32.5) —— 1.07[0.89, 1.27] 16.21
Yang et al 2019 26/100 (26.0) 37/114 (32.5) —_— 0.80[0.52, 1.22] 2.87
Girardis et al 2016 58/235 (24.7) 80/243 (32.9) — 0.75[0.56, 1.00] 6.27
Panwar et al 2016 21/52 (40.4) 19/51 (37.3) —_— 1.08[0.67, 1.76] 2.18
Overall > 2 1.00[0.90, 1.11]
Heterogeneity: v = 0.00, I” = 0.00%, H*> = 1.00
Test of 6, = 6;: Q(5) = 6.14, p = 0.29 Favours conservative | Favours liberal
Test of 6 = 0: {(5) = -0.03, p = 0.97

05

1.0 2.0
Risk Ratio

Figure 6. Post hoc sensitivity analysis showing a meta-analysis of the effect of conservative oxygen therapy defined as an SpO, of
between 88% and 92% versus liberal oxygen therapy on 90 day mortality.
The diamond around the overall result shows the 95% confidence interval and the horizontal line the 95% prediction interval for a future study.

Table 2. Intended versus achieved oxygen targets of included trials.

Study Intervention Achieved SpO, Achieved PaO, Achieved FIO,
(%) (kPa)
Liberal Conservative Liberal Cons Liberal Cons Liberal Cons
Difference Difference Difference
Gelissen et al.!” PaO, 14-18kPa PaO, 8-12kPa 97.2 95.8 12.8 10.8 0.51 0.4
1.4 2.0 0.11
Martin et al.'8 SpO, =96% SpO, 88%—92% 97 9l 1.8 8.6 0.37 0.35
6 3.2 0.02
Scherring et al.2 PaO, [2kPa PaO, 8kPa 96 93 12.4 9.4 0.56 0.43
3 3.0 0.13
Barrot et al.!? PaO, 12-14kPa PaO, 7.3-9.3kPa 97 93 13.6 9.9 0.4 0.5
SpO, =96% SpO, 88%—92% 3.80 3.7 0.16
Mackle et al.2° SpO, =91% SpO, 91%—96% / / / / / /
FIO, =0.3 / *1.6 *0.05
Yang et al.2* SpO, =96% FIO, SpO, 90%—95% 98.2 95.7 13.1 1.2 0.42 0.33
=0.3 2.5 1.9 0.09
Asfar et al.2! FIO, 1.0 SaO, 88%—95% 99 97 / / / /
2 / /
Girardis et al.22 SpO, 97%—100% PaO,  SpO, 94%—98% / / 13.6 1.6 0.39 0.36
<20kPa FIO, =0.4 PaO, 9.3-13.3kPa / 2.0 0.03
Panwar et al.23 SpO, =96% SpO, 88%—92% 97.0 ) 93.4 12.3 To 9.3 0.36 o 0.26

Data in the achieved columns are a mixture of different point estimates, many of which have been estimated from the Supplemental Data provided

alongside primary manuscripts.

groups it was not as much as the investigators had hoped
for. None the less, this was a well-conducted trial which
has good external validity.

One of the most important factors to consider when
interpreting data from studies in this field is the way in
which investigators defined the intervention (COT) and
the comparator (usual or liberal oxygen use) in their trial.
There are no agreed oxygenation parameters for COT
which means that different research groups have chosen

different levels of hypoxaemia as their COT targets. This
makes comparing the effects of interventions challenging.
To complicate matters further, comparator groups include
‘usual’ oxygenation (as defined by the investigators) or
hyperoxaemia (loosely defined as ‘liberal’ oxygenation).
As outlined by other authors, this has led to a situation
where the COT parameters of some studies overlap with
the comparator parameters of others.?’” This situation is
comparable to the ‘wet versus dry’ discussions that
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occurred over the last two decades in the field of periop-
erative fluid therapy research.?” These difference in design
between the trials weakens the overall message when their
data are combined in a meta-analysis and must be consid-
ered when interpreting the overall result. The study by
Asfar et al. requires careful consideration as it was
designed to evaluate the efficacy and safety of hyperoxia
(100% oxygen) but the comparator group was within the
range that would be classified as COT (an SpO, of 88%-—
95%).2! By comparison Mackle et al.’s trial, which was
designed to test the hypothesis that COT would result in
more ventilator-free days than usual oxygen therapy, had a
COT SpO, target of 91%—96% 2%; higher (less conserva-
tive) than that of Asfar et al.’s study.?! This example
emphasises the difficulty with terminology in these studies
and how in Asfar et al.’s study, COT was compared to
extreme hyperoxia, making the comparator to COT very
different to the other studies in this review.

A further factor to consider in the design and conduct of
trials evaluating COT is that the intervention (usually titra-
tion of supplemental oxygen to maintain a target SpO, or
Pa0O,) may not achieve its desired effect. For example, as
outlined above, in the HOT-ICU study the achieved level
of oxygenation in the COT groups was higher than
intended.? Failing to achieve the intended COT target
appears to be common, which means that in some cases
the intended oxygenation range has not been truly evalu-
ated. The actual oxygenation achieved within trials should
be used to determine whether adequate separation of oxy-
genation has occurred between each group in the trial. The
separation of oxygenation indices between groups can be
considered for each of the available measures (SpO,, PaO,
and F10,) to determine if there were clinically meaningful
differences between groups (Table 2). Which of these
measures is of most importance from a causative perspec-
tive is unknown and will depend upon the underlying
mechanism of oxygen-related harm in critically ill patients.
Presently it is thought that high concentrations of oxygen
lead to pulmonary injury, so it is plausible that a clinically
meaningful reduction in FIO, in patients receiving COT
group could be the principal way to quantify the effective
reduction of harm in these trials. There was wide variation
in FIO, separation between groups in the trials included in
this study (0.02—-0.16), which may have contributed to the
overall finding of COT having no effect. This inherent
limitation in the design of COT trials not only complicates
the interpretation of each trial but has a compounding
effect when data is pooled in the form of meta-analysis.
Independent patient data analysis may go some way to
address this. If FIO, is the most important factor in oxy-
genation, it remains unclear what the minimum FIO, sepa-
ration should be between groups for the intervention to
really be considered as being ‘conservative’.

Another factor that may affect the interpretation of
meta-analyses of COT trials is the change in usual prac-
tice that has occurred during the period that these trials
have been conducted. A greater awareness of the potential
harm of high concentration oxygen appears to have driven
a drift towards COT in everyday practice,*32 which

makes formally evaluating it harder as time goes on. For
COT, the apparent shift towards a more conservative
approach to oxygenation in usual practice may have made
it difficult to distinguish from COT protocols in some of
these trials. This may be the reason for most trials to date
selecting an arbitrary level of minimum oxygenation or
specific ‘normal’ arterial oxygenation target in the com-
parator (‘liberal’) group. Whilst this will help to separate
the two groups in terms of oxygenation, there is a risk that
this approach compares COT to non-standard, non-indi-
vidualised practices. The two largest trials of COT cur-
rently recruiting patients have adopted subtly different
approaches to the design of their comparator groups. The
UK-ROX trial (https://fundingawards.nihr.ac.uk/award/
NIHR130508) has a usual care comparator group with no
restrictions of the administration of oxygen; the Mega-
ROX trial?? has implemented a minimum FIO, of 0.30 in
the comparator group. This point, highlights the impor-
tance of considering comparator groups in the interpreta-
tion of clinical trials.

As with any systematic review and meta-analysis, one
of the key limitations is the design of the search strategy
and the process of selecting eligible articles. In this study,
we focused on studies that included critically ill adults
with mixed pathologies and chose to exclude studies that
were limited to only recruiting specific cohorts of patients,
such as post cardiac arrest. The reason for this was to
ensure the findings would be generalisable to a broad
range of patients admitted to ICUs for mechanical venti-
lation. It is possible that by excluding single pathology
studies we excluded findings that were potentially rele-
vant to our original question but this had to be balanced
against producing findings dominated by particular
pathologies. Broader eligibility criteria would have
included more trials but potentially reduced the applica-
bility of the findings. Finally, it is possible that combining
studies with markedly different intervention and compar-
ator groups may have impacted on our ability to detect
any signal of benefit or harm with COT.

The findings of this systematic review and meta-anal-
ysis rule out the potential of a large treatment effect
(>10%) in either direction in 90day mortality in adult
patients admitted to ICU for mechanical ventilation, but
do not exclude the possibility of smaller, important treat-
ment effects. With such a widely used intervention,
smaller treatment effects are still likely to provide impor-
tant patient benefit, therefore much larger trials, powered
to detect smaller treatment effects are required. The
UK-ROX and Mega-ROX trials are both aiming to recruit
substantially larger numbers of participants than the total
number included in this study (16,500 and 40,000 respec-
tively) and therefore have the potential to answer this
question effectively, facilitate meaningful sub-group
analyses and could be combined as an independent patient
data meta-analysis. The findings of this study also dem-
onstrate a position of reasonable equipoise and therefore
provide further support for the need to fully evaluate COT
in adult critically ill patients. Such equipoise is essential
for this research to be successful.3*
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Conclusion

In a heterogenous cohort of adult patients admitted to
ICUs, any signal of benefit or harm from COT was
insufficient to be significant when currently available
trials data was combined in a meta-analysis. Trials in
this field have defined COT and liberal or usual oxygen
therapy differently, which may have influenced this
finding.
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