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Abstract

Background Supplemental oxygen is commonly administered to patients after out-of-hospital cardiac arrest. How-
ever, the findings from studies on oxygen targeting for out-of-hospital cardiac arrest are inconclusive. Thus, we con-

ducted a systematic review and meta-analysis to evaluate the impact of lower oxygen target compared with higher

oxygen target on patients after out-of-hospital cardiac arrest.

Methods We searched the Cochrane Central Register of Controlled Trials, MEDLINE, Embase, from inception to Feb-
ruary 6, 2023, for randomized controlled trials comparing lower and higher oxygen target in adults (aged > 18 years)
after out-of-hospital cardiac arrest. We screened studies and extracted data independently. The primary outcome
was mortality at 90 days after cardiac arrest. We assessed quality of evidence using the grading of recommenda-
tions assessment, development, and evaluation approach. This study was registered with PROSPERO, number
CRD42023409368.

Results The analysis included 7 randomized controlled trials with a total of 1451 participants. Compared with lower
oxygen target, the use of a higher oxygen target was not associated with a higher mortality rate (relative risk 0.97, 95%
confidence intervals 0.82 to 1.14; I°=25%). Findings were robust to trial sequential, subgroup, and sensitivity analysis.

Conclusion Lower oxygen target did not reduce the mortality compared with higher oxygen target in patients
after out-of-hospital cardiac arrest.

Keywords Out-of-hospital cardiac arrest, Oxygen target, Mortality

Background

Out-of-hospital cardiac arrest (OHCA) is defined as the
loss of functional cardiac mechanical activity in associa-
tion with an absence of systemic circulation, occurring
outside of a hospital setting [1]. OHCA is a leading cause
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inspired oxygen for patients with resuscitation follow-
ing OHCA [3, 4]. However, high inspired oxygen levels
can potentially be harmful [5], as excessive oxygen intake
can lead to adverse effects such as lung injury, decreased
cardiac output, decreased local blood flow, inflamma-
tory cytokine production and free radicals generation [4,
6-10]. Hence, the optimal oxygen target for patients after
OHCA remains a topic of debate.

Several previous meta-analyses examining the impact
of lower and higher oxygen targets on patients after
OHCA have presented inconsistent findings. Young et al.
reported a reduction in mortality associated with lower
oxygen target [11], while Holmberg et al. found no sta-
tistically significant difference [12]. However, these previ-
ous meta-analyses were primarily limited by small sample
sizes, with trials including only a limited number of par-
ticipants. Recent publication of two large-scale trials on
this topic have yielded significant supplementary data,
effectively bolstering the sample size [13, 14]. Therefore, a
new analysis incorporating these trials is warranted.

To confirm the oxygen target, we conducted a system-
atic review aiming to compare the effects of lower and
higher oxygen targets in patients after OHCA.

Methods

Protocol and guidance

This systematic review was conducted according to the
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA). The protocol for the current
study was prospectively submitted to the International
Prospective Register of Systematic Reviews (PROSPERO)
(ID: registration number: CRD42020152179).

Selection criteria

Studies were included if they (1) enrolled OHCA adults
(aged > 18 years); (2) compared higher and lower oxygen
targets, measured by any one of the following: fraction of
inspired oxygen, arterial partial pressure of oxygen, arte-
rial oxygen saturation (measured by blood analysis), or
peripheral oxygen saturation; (3) reported outcome of
interest; (4) were randomized controlled trials (including
individually randomized trials, cluster randomized trials,
quasi-randomized trials). Studies were excluded if they
were cross-over randomized trails.

Outcomes
The primary outcome was mortality at 90 days. Mortal-
ity at 30 days or mortality in hospital was used to com-
pute the pooled analysis if mortality at 90 days was not
reported.

Secondary outcomes included length of hospital stay
(days, measured as hospital discharge date minus date
of emergency department admission, including both
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survivors and non-survivors), neuron-specific enolase
(NSE, a serum marker of neuronal injury during the early
post-resuscitation period in humans) at 48 h, favorable
modified Rankin scale score (0-2; mRS, ranging from 0
to 6, with higher scores indicating greater disability) at
the last reported time point, and favorable Cerebral Per-
formance Category (0-2; CPC, with higher values indi-
cating more severe disability) at 90 days.

Information sources and search strategy

We searched the Cochrane Central Register of Con-
trolled Trials, MEDLINE, Embase, from inception to Feb-
ruary 6, 2023. No language restrictions were applied. The
details of search terms are demonstrated in Additional
file 5: Table S1.

Study selection

Two reviewers (HD and XC) independently screened all
titles and abstracts retrieved by the systematic search.
Disagreements were resolved by discussion or adju-
dicated by a third reviewer (YZ). Two reviewers then
reviewed the articles retained for full-text assessment.
Disagreements regarding eligibility were resolved by
discussion.

Data extraction

Two reviewers (HD and XC) independently extracted
data on the characteristics of the included trials, includ-
ing details such as the study region, study popula-
tion, study design, number of participants, mean age
and intervention specifics. To ensure accuracy, a third
reviewer (YZ) checked for any errors in the extracted
data. Disagreements between reviewers were resolved by
discussion.

Assessment of risk of bias

Two reviewers (HD and XC) independently assessed
the risk of bias of trials using the Cochrane Risk of Bias
tool across seven domains [15]. Each domain in all trials
was assigned a study-level score indicating the level of
bias risk: low, high, or unclear. Disagreements between
reviewers were resolved by discussion. A final judgment
was provided by a third author (YZ) if consensus could
not be reached.

Confidence of evidence

Two authors (HD and XC) independently assessed the
quality of evidence for primary and secondary outcomes
using the Grading of Recommendation, Assessment,
Development and Evaluation (GRADE). The quality of
evidence was categorized as high, moderate, low, or very
low based on multiple factors including the evaluation of



Cheng et al. Critical Care (2023) 27:401

study design, risk of bias, inconsistency, imprecision and
indirectness of the included trials [16].

Data analysis

We conducted the statistical analysis using RevMan (ver-
sion 5.3, The Cochrane Collaboration). For dichotomous
outcomes, we calculated the relative risk (RR) with 95%
confidence intervals (CI). To measure continuous out-
comes, we calculated the mean difference (MD) with 95%
CI. We assessed the heterogeneity of the studies using the
I? statistic, with I*>50% indicates substantial heterogene-
ity [17]. To ensure the reliability of the results, we used
random-effect models for all outcomes and performed
a sensitivity analysis using fixed-effect models. We con-
sidered a prespecified two-sided p-value <0.05 as statisti-
cally significant.

Subgroup analysis

We conducted subgroup analysis on the primary out-
come based on the level of fraction of inspired oxygen,
time of publication, and mortality in the control group.
We utilized median calculations to establish the cutoff
values.

Sensitivity analysis

We conducted a sensitivity analysis using the following
methods: (1) excluding the trial with the highest weight;
(2) excluding trials with high risks; (3) employing a fixed-
effect model.

Trial sequential analysis

We carried out trial sequential analysis (TSA 0.9Beta) to
prevent an increase in type I error by combining an esti-
mation of information size with an adjusted threshold for
statistical significance. We used a two-sided trial sequen-
tial analysis to ensure an overall 5% risk of type I error
and a power of 80%. Our anticipated intervention effect
for the primary outcome was a 25% reduction in relative
risk (RR).

Results

Our search strategy initially identified 1784 records.
After removing duplicates, we screened a total of 1580
unique records. Following a thorough evaluation of titles,
abstracts, and full texts, we identified 7 trials that satis-
fied the inclusion criteria for this systematic review [13,
14, 18-22] (Fig. 1).

The characteristics of each trial included in this study
are summarized in Table 1. The trials were published
between 2006 and 2022, and the sample size ranged from
17 to 789 patients. The average age of participants in each
study varied between 59.5 and 67.1 years. All studies
were conducted in developed countries.
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Risk-of-bias assessments are presented in Additional
file 1: Fig. S1. Three had low risk of bias [13, 14, 19], one
had some concerns [22], and three had high risk of bias
[18, 20, 21]. The quality of evidence for the primary out-
come was high as evaluated by GRADE (Table 2).

Seven trials reported the primary outcome [13, 14, 18—
22]. The time points of mortality rates reported in each
trial, as well as the time points of mortality rates that we
used for our analysis, are demonstrated in Additional
file 6: Table S2. Three reported the neuron-specific eno-
lase at 48 h after OHCA [14, 18, 21], two reported mRS
[13, 14], three reported CPC [13, 21], two reported the
length of hospital stay [13, 19]. There was no significant
difference in mortality between the lower and higher oxy-
gen target groups (RR 0.97, 95%CI 0.82 to 1.14, I>=25%)
(Fig. 2). There was no significant difference in NSE (MD
-0.36, 95%CI — 2.72 to 2.00, >=0%), favorable mRS (RR
1.00, 95%CI 0.86 to 1.17, 1>=53%) and favorable CPC
(RR 1.01, 95%CI 0.90 to 1.14, I*=0%) (Fig. 3). The lower
oxygen target group had a shorter length of hospital stay
compared to the higher oxygen target group (MD -1.30,
95%CI — 2.57 to — 0.03) (Fig. 3).

The results appeared to be consistent across prespeci-
fied subgroups (Additional files 2, 3, 4: Figs. 2 to 4).
Additionally, results of all outcomes remained robust
to sensitivity analysis (Table 3). Furthermore, the trial
sequential analysis of mortality confirmed that the
required information size was met (Fig. 4).

Discussion
In this meta-analysis of 7 trials with a total of 1475 par-
ticipants, we found no difference in mortality between
lower and higher oxygen targets in patients after OHCA.
Previous meta-analysis of the oxygen target in patients
after OHCA showed inconsistent result. Young et al.
reported that a lower oxygen target was associated with
reduction in mortality at last follow-up compared to
higher oxygen target (OR 0.67, 95% CI 0.45 to 0.99) [11],
while Holmberg et al. reported no statistical significance
(RR 0.97, 95% CI 0.68 to 1.37) [12]. The limitations of
these analysis included inclusion of observational stud-
ies and inadequate sample size. Our review exclusively
included randomized controlled trials, thereby enhanc-
ing the reliability of our results. Additionally, we included
two large-scale trials focusing on this topic, which had
the largest sample size as of February 2023 [13, 14]. The
patient sample size in our review is approximately three
times larger than that of Young et al. and sixteen times
larger than that of Holmberg et al. [11, 12]. Notably,
the two latest large-scale trials, which were published
in 2022, accounted for 80.7% of the patient sample size
(1190/1475).
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Identification of studies via databases and registers

Records identified from:
Database (n=1831)

Records removed before screening:

\ 4

Duplicate records removed (251)

Records screen by title/abstract
(n=1580)

v

Records excluded (n=1519)

Full-text articles assessed for
eligibility (n=61)

54 records excluded
Wrong article type (n=20)

v

No relevant comparison (n=34)

Included studies (n=7)

Fig. 1 Search strategy and final included and excluded studies

During our meta-analysis, we did not include any trial
that specifically investigated blood oxygen levels above
150 mmHg. According to a network meta-analysis con-
ducted on mechanically ventilated critically ill patients,
the liberal goal of maintaining PaO2 levels>150 mmHg
may be inferior to other goals, as indicated by the

cumulative ranking curve scores and survival curves [23].
Given the current lack of specific data on higher blood
oxygen levels in trials for patients after OHCA, fur-
ther research that examines the effects of elevated oxy-
gen levels (PaO2>150 mmHg) on clinical outcomes is
necessary to offer valuable insights and inform clinical
decision-making.
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Table 2 Quality of evidence
Outcome Patients Risk ratio (95% Cl) 1%(%) Absolute effect estimates Quality
(per 1000)
Mortality 1451 0.97(0.82, 1.14) 25 —12(-=731t057) High
Favorable mRS (0-2) 1163 1.00(0.86, 1.17) 53 0(-71t087) Moderate
Favorable CPC (0-2) 1290 1.01(0.90, 1.14) 0 4(-43t061) High
mRS Modified Rankin scale, CPC Cerebral performance category
Lower oxygen target  Higher oxygen target Risk Ratio Risk Ratio

Study or Subgroup Events Total Events Total Weight M-H. Random, 95% Cl Year M-H, Random, 95% ClI

kuisma 2006 4 14 4 14 1.9% 1.00(0.31,3.23] 2008

Young 2014 4 g 5 9 3.1% 0.90[0.36, 2.23] 2014

Bray 2018 18 37 11 24 7.9% 1.06 [0.61,1.83] 2018 = =

Jakkula 2018 18 61 20 59 8.5% 0.87 [0.51,1.47] 2018 - -1

Thomas 2019 8 18 14 17 7.6% 0.54 [0.31,085] 2019

Schmidt 2022 113 394 123 395 30.6% 0.92[0.74,1.14] 2022 —

Bernard 2022 136 208 112 193 40.4% 1.13[0.96,1.32] 2022 T

Total (95% Cl) 740 711 100.0% 0.97 [0.82, 1.14] -

Total events 301 289

Heterogeneity: Tau®= 0.01; Chi*= 7.96, df= 6 (P = 0.24); F= 25% 02 05 ] 5

Test for overall effect: Z= 0.40 (P = 0.69)

Lower oxygen target Higher oxygen target

Fig. 2 Primary outcome: mortality. Forest plot of comparison: Lower oxygen target versus higher oxygen target for out-of-hospital cardiac arrest,

M-H Mantel-Haenszel, C/ Confidence interval, df Degrees of freedom

The 2017 guideline recommended providing the high-
est feasible inspired oxygen during resuscitation [4].
However, the administration of oxygen during resus-
citation may not necessarily be the same as the oxygen
delivered after the return of spontaneous circulation.
Studies have recognized this potential distinction and
have explored the concept of different oxygen targets
during resuscitation and after the return of spontaneous
circulation [24].

A review that focused on the optimal combination
of airway techniques, oxygenation, and ventilation in
patients after OHCA noted that the optimal combina-
tion remains uncertain [24]. Existing guidelines and
reviews are primarily based on evidence from previ-
ous meta-analysis and small-scale trials. Ongoing and
recent RCTs are expected to provide additional insights
and data. The results of our analysis, which incorpo-
rated the most recent trials, indicate that the optimal
target should be reconsidered. Moreover, an ongoing
trial (NCT05029167) has the potential to either support
or refute our conclusions. The trial’s objective is to com-
pare the length of intensive-care-unit stay and mortality
between patients receiving PaO2 (98-105 mmHg) with
patients receiving PaO2 (68—75 mmHg).

There are several limitations that should be considered.
First, the COVID-19 pandemic introduced a risk of bias
in the two largest trials included in the meta-analysis. As

a result of the pandemic, the trial conducted by Bernard
et al. had to be prematurely terminated, which resulted in
a smaller sample size than originally planned [13]. Addi-
tionally, the trial conducted by Schmidt et al. had evident
missing follow-up data for secondary outcomes, although
the primary outcomes were complete [14].

Second, there was clinical heterogeneity among trials in
our analysis. The trials included in the analysis had differ-
ent oxygen targets. For instance, higher oxygen target was
98-105 mmHg in the study from Schmidt et al., while
it was 150-188 mmHg in the study from Jakkula et al.
[14, 21]. Moreover, the duration of oxygenation strate-
gies was different among studies. This was significant
because previous studies demonstrated that reduction of
the duration of oxygen ventilation after cardiopulmonary
resuscitation decreases brain damage [25].

Third, our analysis may lack statistical power to assess
neurological impairment due to limited data on the CPC
score and mRS, as well as the high statistical heteroge-
neity observed in the analysis of mRS. The evaluation
of neurological impairment is crucial when assessing
patients who have survived the acute phase following
OHCA [2, 26]. Collection of neurological outcome was
heterogeneous among studies. Further research, particu-
larly with standardized neurological outcome measures,
is warranted to strengthen and confirm our findings.
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A
Lower oxygentarget  Higher oxygen target Risk Ratio Risk Ratio

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl__Year M-H, Random, 95% CI
Bernard 2022 149 203 128 186 56.6% 1.07 [0.94,1.21] 2022 T
Schmidt 2022 150 385 165 389 43.4% 0.92[0.77,1.09] 2022 —
Total (95% CI) 588 575 100.0% 1.00 [0.86, 1.17] "‘
Total events 299 293

ity: Tau®= 0.01; Chi#= =1(P=014)F= t t t |
Heterogeneity: Tau®=0.01; Chi*=2.15,df =1 (P=0.14); F=53% 07 055 13 18

Test for overall effect: Z=0.01 (P =1.00)

B

Lower oxygen target Higher oxygen target

Lower oxygen target Higher oxygen target

Mean Difference Mean Difference

Study or Subgrou Mean SD__ Total Mean SD__ Total Weight IV, Random. 95% CI IV, Random, 95% CI
Jakkula 2018 224 10 61 206 153 59 259% 1.80[-2.84,6.44) :F'—
kuisma 2006 14.2 19.4 14 186 21 14 25% -440[-19.38,10.58]
Schmidt 2022 17 1852 313 18 17.04 312 716%  -1.00[-3.79,1.79)
Total (95% CI) 388 385 100.0%  -0.36[-2.72,2.00]
ity: Tau== - Chif= = = = k + ‘ {
i i Sy S T U S
’ ’ Lower oxygen target Higher oxygen target
C
Lower oxygen target  Higher oxygen target Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H. Random, 95% Cl _Year M-H. Random, 95% CI
Jakkula 2018 19 61 23 59  5.8% 0.80([0.49,1.31] 2018
Bernard 2022 122 196 114 197 53.8% 1.08[0.92,1.26] 2022
Schmidt 2022 138 387 144 390 40.4% 0.97[0.80,1.16] 2022
Total (95% Cl) 644 646 100.0% 1.01[0.90, 1.14]
Total events 279 281
Heterogeneity: Tau?= 0.00; Chi*= 1.75, df = 2 (P = 0.42); F= 0% 015 0=7 3 1=5 2
Test for overall effect: Z=0.20 (P = 0.84) Lower oxygen target Higher oxygen target
D
Lower oxygen farget Higher oxygen target Mean Difference Mean Difference
Study or Subgroup Events Total Events Total Weight M-H. Random, 95% Cl _Year M-H., Random, 95% CI
Young 2014 1204 1019 9 953 4663 8  0.0% 34.10[-293.15, 364.35] 201¢
Bernard 2022 6.1 6.7 214 7.4 6.3 210 100.0% -1.30[-2.57,-0.03] 2022
Total (95% Cl) 223 218 100.0% -1.30[-2.57,.0.03]
i 2 - ChiF= —1p= . ; + T t d
Heterogeneity: Tau®= 0.00; Chi*= 0.04,df=1 [P =0.33), F= 0% 500 250 ) 250 500

Test foroverall effect Z= 201 (P = 0.04}

Lower oxygen target Higher oxygen target

Fig. 3 Secondary outcomes. Favorable modified Rankin scale score A, Median neuron-specific enolase at 48 h B, Favorable Cerebral Performance
Category score C, Length of hospital stay D; M—-H Mantel-Haenszel, C/ Confidence interval, df Degrees of freedom

Table 3 Sensitivity analysis

Study RR, 95%ClI

Excluding the most weighted trial ~ Bernard [13]

Bray [20], Jakkula
[21], Kuisma [18]

Using a fixed-effect model -

0.88(0.74,1.05)

Excluding trials with high risks 0.93(0.72,1.19)

0.99(0.88,1.11)

Fourth, the generalizability of our findings may be lim-
ited as all the trials included in this meta-analysis are pri-
marily from Western countries, particularly Europe and

Australia. It is important to note that reducing the upper
limits for oxygen saturation is expected to increase the
demands on nursing resources. Therefore, these findings
may not be applicable to non-western countries that may
have limited nursing resources. It is necessary to conduct
additional trials in non-western countries to address this
limitation.

Conclusion
Lower oxygen target did not reduce the mortality com-
pared with higher oxygen target in patients after OHCA.
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Optimum sample size is a Two-sided graph
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Fig. 4 Calculation of optimum sample size. Red vertical line indicates optimum same size (n=1084); blue line indicates Z-curve
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OHCA Out-of-hospital cardiac arrest

NSE Neuron-specific enolase

MRS Modified Rankin scale

CPC Cerebral performance category

GRADE  Grading of Recommendation, Assessment, Development and
Evaluation

PRISMA  Preferred Reporting Items for Systematic Reviews and
Meta-Analysis

@] Confidence intervals

RR Relative risk

OR Odds ratio

MD Mean difference
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