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Objective

The use of arterial oxygen targets in mechanically ventilated adults remains
controversial. Higher oxygenation and FiO» may speed liberation but risk
hyperoxemia-related complications; lower targets may increase hypoxemia risk and
end-organ damage. This meta-analysis evaluates whether liberal versus

conservative oxygen targets impact 28-day ventilator-free days (VFD-28), mortality, or
ICU length of stay (LOS).

Methods

MEDLINE, Embase, and trial registries were searched for randomized trials comparing
liberal (>96% SpO- or >100 mmHg Pa0,) or usual oxygenation targets vs. conservative
(88-96% SpO2 or PaO, 55-80 mmHg) oxygen targets in mechanically ventilated adults.
The primary outcome was VFD-28, reported as mean difference (MD) defined as
Conservative minus Liberal with negative values favoring the Liberal group. The results
were pooled using DerSimonian-Laird random-effects modeling. When only medians and
IQRs were reported, means and SDs were estimated using the Wan method (n > 25);
range-only/small-n cases used Hozo. Secondary outcomes included all-cause mortality
(risk ratio [RR]) and ICU LOS (MD). Heterogeneity was assessed using T2 and I1?;
sensitivity analyses included Hartung-Knapp and leave-one-out tests. Trials were aligned
on the prespecified 90-day mortality endpoint

Results

Five trials (n = 18,905) were included. VFD-28 favored liberal targets: pooled MD -0.58
days (95% CI -1.06 to —0.10; negative favors liberal), with low heterogeneity. For 90-day
mortality, there was no statistically significant difference between the two groups: pooled
RR 1.02 (95% CI 0.98 to 1.06; 12 = 0%). ICU LOS also showed no clear difference: pooled
MD 0.50 days (95% CI -0.48 to 1.47) with substantial heterogeneity. Findings were robust
to cluster design-effect adjustments and sensitivity analyses. Given the few studies in
this analysis, the power to detect small-study effects was limited.

Discussion

Liberal oxygen targets confer a modest VFD benefit without significant differences in ICU
LOS or mortality. Further research is warranted to assess potential differences in adverse
outcomes such as ventilator-associated lung injury, pneumonia, or ICU-acquired

weakness.
INTRODUCTION liberal oxygenation strategy can increase the risk of hypox-
emia or hyperoxia and their secondary consequences.
BACKGROUND The effects of hypoxia and hyperoxia are well docu-

Supplemental oxygen therapy is a cornerstone in the man-
agement of critically ill patients. However, the optimal oxy-
genation target in mechanically ventilated patients re-
mains controversial. Selecting either a conservative or

mented. For example, severe hyperoxia was found to trigger
a marked inflammatory response and oxidative lung injury
in rodents receiving mechanical ventilation.! Similarly, an-
other trial discovered that just four hours of mechanical
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ventilation with induced hyperoxia was sufficient to trigger
the development of oxidative lung injury in rats.2

In contrast, hypoxemia is associated with numerous ad-
verse outcomes as well. The primary concern in hypoxemia
is decreased oxygen-carrying capacity of erythrocytes, and
secondary end-organ ischemia. Clinical and epidemiologic
studies have demonstrated that severe and sustained hy-
poxemia is associated with increased ICU mortality> as well
as ischemic complications of vital organs such as the heart
and brain.4

RATIONALE

Despite longstanding concerns regarding the potential ad-
verse effects of hyperoxia (worsening of oxidative injury)
and hypoxia (end-organ damage) in mechanically venti-
lated patients, there have been limited studies comparing
the outcomes in liberal versus conservative arterial oxygen
targets. The few randomized controlled trials (RCTs) that
do exist, were relatively underpowered and focused almost
exclusively on mortality. In addition, these smaller studies
lacked the statistical power to detect differences in more
patient-focused outcomes such as ventilator-free days
(VFD-28) or length of ICU stay (ICU-LOS). Therefore, there
is an urgent need to identify an oxygenation strategy that
balances safety and efficacy, optimizing outcomes beyond
mere survival.

Since 2019, four large-scale trials (ICU-ROX, PILOT,
ICONIC and UK-ROX) have rigorously explored these two
oxygenation strategies. However, to date, no synthesis has
been conducted that examines patient centered outcomes
such as VFD-28, mortality and ICU LOS on a large scale.
These outcomes were selected due to recent evidence that
highlights the adverse effects associated with prolonged
mechanical ventilation such as ICU-acquired weakness,” di-
aphragmatic muscle atrophy,® ventilator associated pneu-
monia,” long-term decline in quality of life8 and delirium.”
Therefore, it is highly relevant to determine if patients can
be liberated from mechanical ventilation at an earlier time
using a different arterial oxygen target to avoid adverse
outcomes.

Current large-scale quality data on whether oxygen
strategies impact time-dependent harms related to invasive
mechanical ventilation are lacking. A recent large meta-
analysis across 21 RCTs found no significant differences
in short-term, 90- or 180-day mortality, ICU-LOS, or ven-
tilator use between conservative and liberal oxygenation
strategies.10 However, despite the robust nature of this
analysis and others like it, this analysis did not consolidate
the most recent and large-scale RCTs with detailed patient
outcomes like VFD-28.10

OBJECTIVES

This study seeks to determine the effect that liberal versus
conservative arterial oxygen targets will have on the pri-
mary outcome of VFD-28, and secondary outcomes of all-
cause mortality, and ICU LOS in adult patients receiving
IMV.

MATERIALS AND METHODS

ELIGIBILITY CRITERIA

Studies were eligible for inclusion if they enrolled adults
(>18 years) receiving invasive mechanical ventilation. Eli-
gible interventions included liberal oxygenation strategies,
defined as SpOs >96% or PaO, >100 mmHg, compared
against conservative strategies, defined as SpOx 88-96% or
Pa0; 55-80 mmHg. To be considered, trials needed to re-
port at least one of the following outcomes: 28-day venti-
lator-free days (VFD-28), all-cause mortality, or ICU length
of stay (LOS). Only randomized controlled trials published
between January 1, 1990 and June 26, 2025 were consid-
ered. Articles were restricted to the English language, al-
though preprint manuscripts and conference abstracts were
accepted if sufficient outcome data were available.

INFORMATION SOURCES AND SEARCH STRATEGY

A comprehensive search of the following electronic data-
bases and trial registries was conducted from January 1,
1990 through June 26, 2025: MEDLINE via PubMed, Embase
via Ovid, ClinicalTrials.gov, and WHO International Clini-
cal Trials Registry Platform (ICTRP). All database searches
combined the following key concepts with both controlled
vocabulary (MeSH or Emtree) and free-text terms: (“oxy-
genation” OR “oxygen therapy” OR hyperoxia OR hypoxia)
AND (“mechanical ventilation” OR ventilated OR “invasive
ventilation”) AND (“randomized controlled trial” OR RCT
OR randomised). Search filters were applied to restrict re-
sults to studies involving human adults (>18 years) and
English-language articles. Full search strings are provided
in Appendix 1.

SELECTION PROCESS

After application of automated screening tools, a single re-
viewer independently screened all remaining articles by ti-
tle and abstract, eliminating those that did not meet in-
clusion criteria. The remaining articles were subsequently
screened by reviewing their full-text versions. A list of au-
tomation tools used in screening is supplied in Appendix 2.

DATA COLLECTION PROCESS

A single reviewer manually extracted relevant data from
the full-text articles identified during the selection process.
Contact with authors was not required, as all relevant data
were extractable from published reports or supplementary
materials.

DATA ITEMS

Data were extracted at three levels. At the study level, infor-
mation including year of publication, country, study design
(parallel-group, cluster-randomized, or cluster-crossover),
sample size, and number of participating centers was col-
lected. At the participant and intervention level, variables
including mean or median age, sex distribution, baseline

Academic Medicine & Surgery 2


http://clinicaltrials.gov/

Comparative Efficacy of Liberal vs. Conservative Oxygenation Strategies in Adult ICU Trial Populations: A ...

severity scores (APACHE II, SOFA), primary admission diag-
noses, and achieved oxygenation targets (SpOs and PaO3)
were extracted. At the outcome level, data for VFD-28, all-
cause mortality at multiple time points (ICU discharge,
28-day, 90-day, hospital discharge), and ICU LOS were col-
lected. When outcomes were reported as medians with in-
terquartile ranges (IQR), these were converted to means
+ standard deviations (SD) using the Wan quantile-esti-
mation method for samples >25 or the Hozo method for
smaller samples. For cluster-randomized or cluster-
crossover trials, we applied a design-effect adjustment to
account for within-cluster correlation, using an intracluster
correlation coefficient (ICC) of 0.01 and the reported or es-
timated average cluster size.

OUTCOME PRIORITIZATION

We prespecified 90-day all-cause mortality as the primary
mortality time point to align with contemporary critical
care trial standards and maximize clinical relevance. When
90-day mortality was not reported, we used the longest
available follow-up (hospital discharge, 28-day, or ICU
mortality) in sensitivity analyses. VFD-28 was defined as
the number of days alive and free from mechanical ventila-
tion through day 28; patients who died before day 28 were
assigned 0 VFD. ICU LOS was analyzed as reported in each
trial.

RISK OF BIAS ASSESSMENT

Risk of bias was assessed using the Cochrane Risk-of-Bias
2.0 tool, which evaluates five domains: randomization
process, deviations from intended interventions, missing
outcome data, outcome measurement, and selective report-
ing of results. Each domain was rated as “low risk,” “some
concerns,” or “high risk,” and an overall judgment was as-
signed for each trial.

EFFECT MEASURES

For continuous outcomes (VFD-28 and ICU LOS), the mean
difference (MD) was calculated as Conservative minus Lib-
eral; negative values favor liberal oxygenation (more VFD
or shorter LOS in the liberal arm). For all-cause mortality,
risk ratio (RR) was used; RR >1 indicates higher mortality in
the conservative arm.

SYNTHESIS METHODS

Random-effects meta-analyses were performed using the
DerSimonian-Laird method-of-moments estimator for be-
tween-study variance (12). Heterogeneity was quantified
using 12, I2, and Cochran’s Q. For each outcome, we calcu-
lated 95% prediction intervals to estimate the range of ef-
fects expected in future similar trials.

For cluster-randomized or cluster-crossover trials (e.g.,
PILOT), we adjusted the effective sample size and variance
using a design effect calculated as 1 + (m - 1) x ICC, where
m is the average cluster size and ICC is the intracluster cor-
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Figure 1. PRISMA Flow Diagram

relation coefficient (assumed to be 0.01 in primary analy-
ses, with sensitivity analyses using ICC = 0.005 and 0.02).

When trials reported only medians and IQRs, we esti-
mated means and SDs using the Wan method (for n >25) or
Hozo method (for n <25). Sensitivity analyses restricted to
trials reporting means and SDs directly were performed to
assess the robustness of conversion methods.

Additional sensitivity analyses included:

« Hartung-Knapp adjustment to account for uncer-
tainty in T2 estimation

» Leave-one-out analyses to assess influence of indi-
vidual trials

» Restriction to trials with low risk of bias

» Alternative ICC assumptions for cluster-adjusted tri-
als (0.005, 0.02)

All analyses were conducted in R version 4.x using the
metafor package. Forest plots were generated with 95%
confidence intervals, prediction intervals, and heterogene-
ity statistics (T2, I?).

RESULTS

STUDY SELECTION

PRISMA 2020 study selection. We identified 6,457
records from MEDLINE (1,377), Embase (4,199), ClinicalTri-
als.gov (614), and WHO ICTRP (267). After removing 2,036
duplicates, 4,421 titles/abstracts were screened. Fourteen
full texts were reviewed; nine were excluded (wrong inter-
vention, n=3; inappropriate population, n=2; outcomes not
reported, n=4). Five studies met criteria and were included
in the synthesis.
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STUDY CHARACTERISTICS

The CLOSE trial (2016) was a multicenter RCT enrolling
103 adult patients who had received invasive mechanical
ventilation for more than 24 hours.!! Patients were as-
signed to either a conservative oxygenation strategy tar-
geting SpO» of 88-92% or a liberal strategy maintaining
SpO2 >96%.1! The primary outcome was 90-day ICU mor-
tality, with secondary outcomes including organ dysfunc-
tion, VFD-28, and ICU LOS.1! The investigators found no
statistically significant differences in mortality, organ dys-
function, ventilator-free days, or ICU LOS between the
groups.!1

The ICU-ROX trial (2019) was a multicenter, parallel-
group randomized controlled trial (RCT) that compared
conservative versus usual-care oxygenation strategies in
critically ill adults.1? Patients were eligible if they were
aged 18 years or older and receiving invasive or noninvasive
mechanical ventilation for less than two hours.!2 A total
of 1,000 patients were randomized using a secure, central-
ized, internet-based system with computer-generated allo-
cation, although clinicians were unblinded.!2 The conserv-
ative strategy targeted SpO, values between 90-97%, while
the usual-care group had no explicit upper SpOs limit.!2
The primary outcome was ventilator-free days at 28 days
(VFD-28), while secondary outcomes included all-cause
mortality at 90 and 180 days, survival duration, return-to-
work status at day 180, and cognitive and health-related
quality of life assessed using the TICS and EQ-5D-5L ques-
tionnaires.!? The trial reported no significant differences
between groups in VFD-28 or ICU length of stay (LOS).12

The PILOT trial (2022) employed a cluster-crossover de-
sign and randomized 2,541 mechanically ventilated ICU pa-
tients to lower, intermediate, or higher oxygenation tar-
gets.13 The lower group aimed for SpOs 90% or 88-92%, the
intermediate group 94% or 92-96%, and the higher group
98% or 96-100%.13 The primary outcome was VFD-28, with
additional analyses of mortality and ICU LOS. No signifi-
cant differences were observed across groups in ventilator-
free days, mortality, or ICU LOS.13

The ICONIC trial (2023) was a multicenter, parallel-
group RCT that randomized 664 adult ICU patients ex-
pected to require at least 24 hours of invasive mechanical
ventilation.14 The conservative group was managed with
a PaO, target of 55-80 mmHg or SpOz 91-94%, while the
liberal group targeted a PaO, of 110-150 mmHg or SpOq
96-100%.14 The primary outcome was 28-day all-cause
mortality, with secondary outcomes including ventilator-
free days and ICU LOS. Mortality was 38.5% in the low-
oxygenation group compared with 34.7% in the high-oxy-
genation group, a difference that did not reach statistical
significance.4 Similarly, no significant differences were ob-
served in VFD-28 or ICU LOS.14

Finally, the UK-ROX trial (2025) was a large multicenter
RCT that enrolled 16,500 mechanically ventilated adults in
the ICU.15 Patients were randomized to a conservative oxy-
genation strategy, targeting SpOgz of 90% (88-92%), or usual
care, which typically involved aiming for SpO2 >96% with-
out a specified upper limit.!5 The primary endpoint was

90-day all-cause mortality. Mortality was 35.4% in the con-
servative group and 34.9% in the usual-care group, with a
risk difference of 0.7%.15 This difference was not statisti-
cally significant, and there was also no difference in ICU
LOS between groups. 15

RISK OF BIAS ASSESSMENT

The CLOSE trial (2016) was judged to have some concerns
for risk of bias. Randomization was appropriately per-
formed using a computer-generated sequence with opaque
envelopes, and only 1.1% of the primary outcome data were
missing.!! However, adherence to protocol was 82%, raising
concerns about deviations from intended interventions.!!
Outcome measurement also raised minor concerns because
VFD and LOS were abstracted from electronic health
records by unblinded assessors.!! Selective reporting was
not identified, as the statistical analysis plan (SAP) had
been preregistered and all outcomes were reported.!! Over-
all, the trial was considered to have some concerns of bias.
In contrast, ICU-ROX (2019) was judged to be at low risk
of bias. Central web-based randomization was used, sep-
aration of SpO2 between groups exceeded 95%, and fewer
than 1% of VFD data were missing.12 Outcomes were mea-
sured automatically, and both the protocol and SAP were
published and concordant with reported outcomes.!2 Sim-
ilarly to the CLOSE trial, The PILOT trial (2022) was as-
sessed as having some concerns for bias. Although random-
ization was robustly performed through a cluster-crossover
design with balanced order checks, unblinded staff created
the potential for co-intervention.!3 Moreover, the observed
SpO, separation between groups was only 3.1 percentage
points.13 Missing outcome data were minimal (2.4%), out-
come measurement relied on electronic collection with
blinded statisticians, and selective reporting was not iden-
tified.13 The overall risk of bias was judged as some con-
cerns, mainly due to deviations from intended interven-
tions.13 Next, the ICONIC trial (2023) was judged to have
low risk of bias. Randomization was performed by block
randomization with sealed envelopes, achieving balanced
baseline characteristics.14 PaO, separation between groups
exceeded 45 mmHg, missing outcome data were limited to
1.5%, and outcome measurement was based on daily ar-
terial blood gases.!4 The registry and SAP were concor-
dant with the published results, and no selective reporting
was identified.14 Finally, UK-ROX (2025) was judged to have
some concerns for bias.!> Randomization was centralized,
stratified by site, and concealed, but protocol deviations
occurred in 7% of FiOy assignments, and staff were un-
blinded.!> Although mortality data were complete, 2% of
ICU LOS data were pending at the time of reporting, and
the full dataset was only available in preprint form.!5 Out-
comes were extracted from the NHS database, which was
considered reliable, and all prespecified SAP outcomes were
presented.!> Overall, the trial was judged to carry some
concerns of bias due to incomplete data release and modest
protocol deviations. !>
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Ventilator-Free Days at 28 Days (VFD-28)
Conservative vs Liberal Oxygen Therapy in Adult ICU Patients
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Figure 2. Cumulative Mean Difference in 28-day Ventilator-Free Days

Forest plot summarizing the effect of conservative versus liberal oxygenation targets on 28-day ventilator-free days (VFD-28) across five major randomized controlled trials ( CLOSE
pilot 2016,!! ICU-ROX 201912 PILOT 2022,'3 ICONIC 202314 and UK-ROX 202515). The mean difference (liberal - conservative) is displayed along with 95% confidence intervals. Posi-
tive values favor liberal oxygenation, while negative values favor conservative oxygenation. All studies demonstrated no statistically significant difference in VFD-28 between strate-
gies, as confidence intervals cross zero. However, The pooled mean difference in ventilator-free days was -0.58 days or (95 % CI -1.05, -0.11; p = 0.017) (random-effects model). Data
points represent study-level estimates, and error bars indicate corresponding 95% confidence intervals.

OUTCOMES

The primary outcome of interest in this study was VFD-28,
and all five trials reported data on this outcome. Medians
and SD were converted to means and SD using the Wan
method. Means and SD were used and the mean difference
of liberal and conservative oxygen groups was pooled using
the REML model. This data suggests that liberal oxygen
strategies increased ventilator free time by 0.42 days or 10
hours (MD -0.58, 95 % CI -1.06, -0.1; p = 0.017) when com-
pared to conservative oxygen targets. There is no signifi-
cant heterogeneity (I2 = 0 %). An identical CI was produced
by Hartung-Knapp adjustment. Leave-one-out analysis
confirmed that no single trial significantly influenced the
result. These results are summarized in Figure 2.

All five trials reported data on all-cause mortality. The
pooled risk ratio (liberal vs conservative) was 1.022 (95 % CI
0.98-1.06; p = 0.266) under REML. Because the CI crosses
unity, this result is statistically insignificant, indicating lit-
tle-to-no survival benefit between the two strategies. A to-
tal of 3,509/9,882 (35.5%) patients died in the conserva-
tive group compared to 3,457/9,922 (34.8%) in the liberal
group. The UK-ROX trial contributed 82.5% of the weight to
this analysis, with no evidence of statistical heterogeneity.
These results are summarized in Figure 3.

As far as ICU LOS was concerned, UK-ROX was the only
trial that did not report ICU LOS. The pooled mean differ-
ence was 0.56 day (95 % CI —0.35 to 1.47; p = 0.227; 12
= 82%) with high heterogeneity. These results are summa-

rized in Figure 4.

HETEROGENEITY AND CONSISTENCY

Statistical heterogeneity was absent for VFD-28 (12 = 0%, T2
= 0) and 90-day mortality (I> = 0%), indicating consistent
treatment effects across trials for these outcomes. However,
substantial heterogeneity was observed for ICU length of
stay (1% = 82%, T2 = 0.64), suggesting variability in this out-
come across the included studies.

SENSITIVITY ANALYSES

Multiple sensitivity analyses were performed to assess ro-
bustness. Leave-one-out analyses demonstrated stability of
findings, with pooled mean differences for VFD-28 ranging
from 0.63 to 0.69 days, all confidence intervals excluding
zero. Mortality estimates remained stable (RR 1.01-1.03),
though confidence intervals crossed unity, and ICU LOS re-
sults varied modestly (-0.14-0.42 days), with all confidence
intervals crossing zero.

Fixed-effects analyses yielded results nearly identical to
those of the random-effects model for VFD-28 and mortal-
ity (VFD-28 MD 0.65 days; mortality RR 1.02), supporting
the validity of the random-effects framework. However, this
was not the case for ICU-LOS

In contrast, ICU length of stay findings showed substan-
tial sensitivity to analytical choices. Leave-one-out analy-
ses demonstrated variability in pooled estimates ranging
from -0.14 to 0.42 days, with the direction of effect chang-
ing based on study inclusion. Fixed-effects analysis yielded
MD -0.29 days (95% CI -0.56 to -0.01), differing substan-
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Mortality Risk Ratio
Conservative vs Liberal Oxygen Therapy in Adult ICU Patients
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Figure 3. All-Cause Mortality by Oxygen Strategy

Forest plot showing risk ratios (conservative + liberal oxygenation) for all-cause mortality across five randomized controlled trials: CLOSE pilot 201611 ICU-ROX 2019,!2 PILOT
2022,13 ICONIC 2023,14 and UK-ROX 2025.15 Each black dot represents the study-specific risk ratio, with horizontal lines indicating the 95% confidence interval. Numbers adjacent to
each point indicate deaths in the conservative and liberal arms, respectively. The vertical dashed line at 1.0 indicates no difference between groups. Values less than 1 suggest lower
mortality with conservative oxygenation, while values greater than 1 suggest lower mortality with liberal oxygenation. A random-effects model was used to generate the pooled effect
estimate, which demonstrated no significant difference in all-cause mortality between strategies (RR =1.02; 95% CI 0.98-1.06; p= 0.266, T 2=0%).

ICU Length of Stay

N (C/L) MD 95% CI Weight
UK-ROX 2025 I-.-I 8211/8183 -0.40 [-0.69, -0.11] 65.4%
ICONIC 2023 b '. | 335/329 0.20 [-0.98, 1.38] 12.6%
ICU-ROX 2019 ] 479/481 0.40 [-0.58, 1.38] 18.2%
CLOSE pilot 2016 I 1 | 52/51 2.00 [-0.94, 4.94] 3.8%
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.
1
1
1
i
Pooled 0 9077/9044  0.56 [-0.35, 1.47] 100.0%

Mean Difference (days)
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Figure 4. Mean-Differences in ICU Length-of-Stay Between Liberal and Conservative Oxygenation Strategies

Forest plot showing mean differences (days) in intensive care unit (ICU) length of stay between conservative and liberal oxygenation strategies across four randomized controlled tri-
als: CLOSE 2016,!! ICU-ROX 2019,12 PILOT 2022,'3 and ICONIC 2023.14 Each square represents the study-specific mean difference, with the size proportional to the study weight,
and horizontal lines indicating 95% confidence intervals (CI). Positive values indicate longer ICU stay with conservative oxygenation, while negative values indicate longer stay with
liberal oxygenation. The diamond at the bottom represents the pooled mean difference from a random-effects model, with its width corresponding to the 95% CI. The pooled analysis
suggested no statistically significant difference in ICU length of stay between conservative and liberal oxygenation strategies (MD = 0.56 day (95 % CI —0.35 to 1.47; p = 0.227; 12 =
82%).
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tially from the random-effects estimate of 0.56 days (95%
CI -0.35 to 1.47).

Overall, these sensitivity analyses confirmed the robust
nature of our findings. Our results for VFD-28 and mortality
were not driven or influenced by any study, choice of model
or heterogeneity estimator. However, the ICU-LOS data
demonstrated high heterogeneity (I = 82%) and should be
interpreted with caution. Leave-one-out analyses showed
substantial variability (MD range -0.14 to 0.42 days), with
direction of effect changing based on study inclusion.
Fixed-effects analysis (MD -0.29 days, 95% CI -0.56 to
-0.01) differed substantially from random-effects estimates
(MD 0.56 days, 95% CI -0.35 to 1.47), suggesting the pooled
ICU-LOS estimate lacks robustness.

REPORTING BIAS ASSESSMENT

Egger’s regression tests yielded non-significant results for
mortality (p = 0.83), borderline results for VFD-28 (p =
0.05), and significant small-study effects for ICU-LOS (p =
0.012). The significant Egger test for ICU-LOS, combined
with high heterogeneity (I2 = 82%), suggests caution in in-
terpreting the pooled estimate. Funnel plot asymmetry for
ICU-LOS may reflect genuine between-study heterogene-
ity rather than publication bias, given that all trials were
prospectively registered and reported prespecified out-
comes.

CERTAINTY ASSESSMENT

VFD-28 was determined to have moderate certainty. This
level of certainty was assigned to this variable due to con-
cerns regarding imprecision due to the small absolute mean
difference and relatively narrow confidence interval ap-
proaching null. Similarly, all-cause mortality was deter-
mined to have a moderate level of certainty. This variable
was primarily downgraded due to concerns regarding im-
precision. Imprecision is a concern due to the pooled risk
ratio crossing the line of no effect. Finally, ICU-LOS was de-
termined to have a low level of certainty. This variable was
downgraded due to concerns of imprecision, inconsistency
and possible publication bias. The pooled mean difference
of 0.56 indicates a possible benefit, but the CI crosses zero
(-0.35 to 1.47), indicating a lack of statistical significance
and include both harm and benefit. In addition, there was
heterogeneity between studies (I2 = 82%). Finally, there is a
concern for possible publication bias due a significant Eg-
ger’s test (p=0.012). For these reasons, there was a two-
level downgrade for this variable.

PREDICTION INTERVALS

To contextualize uncertainty, 95% prediction intervals (PIs)
were calculated. For VFD-28, the PI ranged from -1.21 to
-0.16 days, suggesting that future trials might observe ei-
ther a slight disadvantage or a modest benefit from liberal
oxygenation, despite the pooled average benefit of -0.58
days. For mortality, the PI was 0.78-1.32. For ICU LOS, the
PI ranged from -1.20 to 1.96 days, implying that liberal
oxygen could either prolong ICU stay by over a day or

shorten it by nearly two days. These wide intervals un-
derscore the uncertainty and context-specific variability of
oxygenation strategies across patient populations.

DISCUSSION

SUMMARY OF MAIN FINDINGS

In a random-effects meta-analysis of 5 separate trials
(n=19,403), liberal oxygen targets were associated with a
modest benefit in VFD-28 (MD -0.58, 95 % CI -1.06, -0.1,
I2 = 0 %). There was no substantial effect on mortality (RR
1.02, 95 % CI 0.98-1.06; 12 = 0%) or ICU LOS (MD 0.56
days, 95 % CI —0.35, 1.47; 12 = 24 %). Prediction intervals
showed a wide variety of anticipated future findings, rang-
ing from slight harm to modest benefit. In summary, liberal
oxygen-target strategies demonstrate a very modest benefit
when compared to more conservative oxygen targets, with
no clear effects on mortality and ICU length-of-stay.

STRENGTHS AND LIMITATIONS OF THE EVIDENCE

The strengths of this study are numerous. Firstly, the in-
clusion of UK-ROX which is a recent large RCT (n = 16,400)
is a major advantage of this study. In addition, this study
used patient centered outcomes that are directly correlated
to morbidity and mortality such as VFD-28, ICU-LOS and
all-cause mortality. Finally, this study utilized robust ran-
dom effects modeling through the use of REML with Har-
tung-Knapp ClIs, heterogeneity analyses, prediction inter-
vals and sensitivity analyses.

Despite the strengths of this study, its limitations are
also numerous. The primary limitation in this study stems
from the forced reliance on aggregate data. This can man-
ifest in a few ways. Firstly, the conversions of medians to
means could have skewed ICU LOS distributions. Further-
more, the classification of liberal and conservative oxygen
strategies varied between groups. Finally, adverse events
such as re-intubation rates, severe hypoxemia, and others
were not uniformly reported which prevented pooled analy-
ses.

LIMITATIONS OF THE REVIEW PROCESS

Despite the comprehensive and exhaustive search for avail-
able trial data using MEDLINE and Embase, data extraction
and screening were performed by a single reviewer. In addi-
tion, only articles written in the English language were in-
cluded which could have inadvertently narrowed down the
data pool.

IMPLICATIONS FOR PRACTICE, POLICY AND RESEARCH

Even though there was a statistically significant, albeit
marginal, increase in the ventilator free days in the liberal
oxygenation group clinicians must consider whether this
marginal gain is worth the potential adverse effects of hy-
peroxemia-oxidative stress and cellular injury,l:2 absorp-
tion atelectasis,!® pulmonary toxicity,!” reduced cardiac
output,!8 endothelial dysfunction!® and increased mortal-
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ity [22]. In our pooled analysis, these adverse events did
not translate into higher observed mortality or ICU LOS
stays, but individual patient susceptibility varies. There-
fore, clinicians should individualize oxygen targets, balanc-
ing the modest gains against each patient’s unique risk
profile. Because of this, some institutions might consider
utilizing a mid-range “safe-zone” with an SpO2 ranging be-
tween 92-96%. This is in contrast to strict conservative or
liberal strategies. Finally, significant uncertainty still ex-
ists in regards to the frequency and severity of adverse
events associated with each oxygen strategy. Therefore, fu-
ture research should be conducted on the following topics:
Quantifying rates of adverse events associated with each
oxygen target, identification of specific subgroups that
might benefit from one strategy over another, and evaluat-
ing long-term outcomes and quality of life scores after hos-
pital discharge.

CONCLUSION

In all adult ICU patients, there was a modest increase in the
amount of ventilator free days that did not affect ICU LOS
or all-cause mortality. However, this benefit is very small,
and the theoretical potential for adverse events related to
both hyperoxia and hypoxia still exist. Therefore, an indi-
vidualized oxygen-target strategy should be used for each
patient, balancing the aim of avoiding hypoxemia against
each patient’s susceptibility to hyperoxemia and oxygen-
related toxicity, while facilitating earlier ventilator libera-
tion. Oxygen goals should be applied dynamically as ven-
tilatory support, sedation, and hemodynamics change. The
aim is steady, safe oxygenation, not rigid adherence to a

single number. Future work should identify which patients
truly benefit from liberal versus conservative targets.
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APPENDICES
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Table 1. Full Electronic Search Strategy Across MEDLINE, Embase, ClinicalTrials.gov, and WHO ICTRP

Database Search Terms Filters / Limits
1. “Oxygen Inhalation Therapy”’[Mesh] OR oxygenation[tiab] OR “oxygen .
therapy”[tiab] OR hyperoxia[tiab] OR hypoxia[tiab]2. “Respiration, LI AFjUItS —
MEDLINE ey P X A ks years; English;
Artificial’[Mesh] OR “mechanical ventilation”[tiab] OR ventilat*[tiab] OR D
(PubMed) . rer ,. . . L. Publication date 1990/
intubat*[tiab]3. “Randomized Controlled Trial”’[Publication Type] OR 01/01-2025/06/26
randomized[tiab] OR randomised[tiab] OR RCT[tiab]4. #1 AND #2 AND #3
1. exp oxygen therapy/ OR oxygenation.mp. OR hyperoxia.mp. OR . -
Embase (Ovid) hypoxia.mp.2. exp artificial respiration/ OR (mechanical ventilation OR ':;;na:;r?%!zr:;AdUIt
ventilat* OR intubat*).mp.3. randomized controlled trial/ OR (randomized OR 1993/_202’5
randomised OR RCT).mp.4. #1 AND #2 AND #3
Study type =
Interventional; Age 218
years; Status =
ClinicalTrials.gov oxygen AND (ventilation OR mechanical) AND (randomized OR RCT) Completed or Active;

First posted 1990-26
Jun 2025; Results
available

This table summarizes the complete electronic search strategy used to identify randomized controlled trials of oxygen therapy in mechanically ventilated adults. Searches were con-
ducted in MEDLINE (PubMed), Embase (Ovid), ClinicalTrials.gov, and WHO ICTRP from January 1, 1990 to June 26, 2025. Filters and limits applied included human subjects, adults
(>18 years), English language, and randomized controlled trial design. Abbreviations: RCT = randomized controlled trial; ICTRP = International Clinical Trials Registry Platform.

Table 2. Electronic Database Search Strategies for Systematic Review

Tool / Database

Feature

Details

MEDLINE
(PubMed)

Search filters

Humans; Adults > 18 years; English language; Publication date range: 1990/01/
01-2025/06/26

Embase (OVID)

Publication type
filter

Randomized Controlled Trial [Publication Type]

WHO ICTRP

Search filters

Interventional studies; Adults; Registration date 1990-2025; Status = Completed,
Terminated, or Active

This table presents a streamlined summary of the electronic database search strategies used in this systematic review. It provides an overview of databases, features, and applied fil-
ters/limits. The complete, detailed search strings are provided in Supplementary Appendix A for full reproducibility. Abbreviations: ICTRP = International Clinical Trials Registry

Platform.
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