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A B S T R A C T

Background: Extracorporeal cardiopulmonary resuscitation (ECPR) can improve survival rates and neurological 
outcomes of patients with out-of-hospital cardiac arrest (OHCA). High levels of partial pressure of arterial oxygen 
(PaO2) negatively affect survival and neurological outcomes in patients with OHCA. However, research on as-
sociations of hyperoxemia with survival and neurological outcomes after ECPR remains limited, especially 
considering targeted temperature management (TTM) administration to patients. Additionally, few reports have 
examined the impact of hyperoxemia beyond 24 h. In this study, we aimed to examine the effect of prolonged 
hyperoxemia on survival and neurological outcomes after ECPR for OHCA in patients undergoing TTM.
Methods: We performed a secondary observational analysis of data from the SAVE-J II study, a retrospective, 
multicenter registry study of ECPR of patients with OHCA. Data on arterial PaO2 after ECPR for intensive care 
unit days 2–4 were collected and averaged. Patients were divided into two groups: hyperoxic (PaO2 ≥ 300 
mmHg) and non-hyperoxic (PaO2 < 300 mmHg). Each variable was compared between the groups. Additionally, 
survival and mortality rates at discharge were compared, and factors associated with survival (primary outcome) 
and neurological outcomes (secondary outcome) at discharge were examined.
Results: The multivariate analysis for survival at discharge showed that age, initial ventricular fibrillation/ven-
tricular tachycardia (VF/VT) waveform, P = 0.0004), and hyperoxemia were significant factors. For neurological 
outcomes at discharge, significant factors included age, initial VF/VT waveform, hemoglobin level at presen-
tation, and hyperoxemia.
Conclusions: Prolonged hyperoxemia was significantly associated with worse survival and neurological outcomes 
after ECPR for OHCA in patients who underwent TTM.

Abbreviations: AHA, American Heart Association; CI, confidence interval; CNS, central nervous system; CPC, cerebral performance category; ECPR, extracorporeal 
cardiopulmonary resuscitation; Hb, hemoglobin; ICU, intensive care unit; OHCA, out-of-hospital cardiac arrest; OR, odds ratio; PaO2, partial pressure of arterial 
oxygen; PCAS, post-cardiac arrest syndrome; ROS, reactive oxygen species; ROSC, return of spontaneous circulation; TTM, targeted temperature management.
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Introduction

The current survival rate for out-of-hospital cardiac arrest (OHCA) is 
low, at approximately 10 %.1 However, extracorporeal cardiopulmo-
nary resuscitation (ECPR) is associated with improved survival rates and 
neurological outcomes in patients with OHCA.2–4 The SAVE-J study 
conducted in Japan in 2014 established that ECPR is associated with 
improved neurological outcomes.4 Moreover, the American Heart As-
sociation (AHA) has proposed the implementation of ECPR for cases that 
meet certain criteria.5 Additionally, previous studies have reported that 
high levels of partial pressure of arterial oxygen (PaO2) can have a 
negative effect on survival and neurological outcomes in patients with 
OHCA.6–10 Therefore, monitoring oxygen levels to avoid hyperoxemia 
after ECPR is crucial.

Furthermore, targeted temperature management (TTM) affects 
neurological outcomes in patients with post-cardiac arrest syndrome 
(PCAS) after ECPR.11 The 2020 AHA guidelines recommend maintaining 
a target body temperature between 32℃ and 36℃ for at least 24 h to 
prevent secondary brain injury.12–14 However, little is known about the 
effects of prolonged (>24 h) hyperoxemia on survival and neurological 
outcomes after ECPR for OHCA in patients undergoing TTM. This study 
assessed the impact of prolonged hyperoxemia on survival and neuro-
logical outcomes after ECPR for OHCA in patients who received TTM.

Materials and methods

In this study, we performed a secondary analysis of the SAVE-J II 
study, a retrospective, multicenter registry study conducted across 36 
health centers in Japan; the study included patients admitted to these 
centers between January 1, 2013, and December 31, 2018.15 The study 
design and data collection methods for the SAVE-J II study have been 
previously described.15 The inclusion criteria were age ≥ 18 years and 
receipt of ECPR for OHCA. The exclusion criteria were incomplete TTM 
and missing data on PaO2 at intensive care unit (ICU) days 2–4.

TTM completion in this study was defined as cases in which the 
target body temperature of 32–36 ℃ was maintained constant for at 
least 24 h according to the 2020 AHA guidelines.12–14 The following 
patient information was collected from the SAVE-J II study database: 
age, sex, medical history (hypertension, diabetes, dyslipidemia, car-
diovascular disease, central nervous system [CNS] disease, chronic 
kidney disease), initial ventricular fibrillation/ventricular tachycardia 
(VF/VT) waveform, witnessed OHCA, bystander CPR, loss of bilateral 
pupillary light reflex in the prehospital setting, prehospital emergency 
care, return of spontaneous circulation (ROSC) on arrival at the hospital, 
blood lactate and hemoglobin (Hb) levels on arrival at the hospital, 
extrinsic, cardiogenic, low flow time, PaO2 after ECPR, length of ICU 
stay, ventilation duration, survival at discharge, cerebral performance 
category (CPC) at discharge, and CPC 30 days after discharge.

Data on PaO2 after ECPR were collected and averaged for ICU days 
2–4. We focused on the PaO2 of patients with PCAS after ECPR during 
ICU stay; thus, we excluded day 1 values, measured immediately after 
ECPR, from the mean values. The hyperoxic group had an average PaO2 
≥ 300 mmHg, whereas the non-hyperoxic group had an average PaO2 <

300 mmHg. The cutoff value was set at 300 mmHg based on previous 
findings.10,16–17 .

The primary outcome was survival at discharge, and the secondary 
outcome was neurological outcomes at discharge. Regarding neurolog-
ical outcomes, CPC 1 or 2 was defined as good and CPC 3–5 as poor. With 
regard to setting the outcomes, the survival rate and mortality rate are 
considered the most important factors in the field of resuscitation; 
hence, the primary outcome was set as survival at discharge, based on 
previous findings.10,16–17 .

For statistical analyses, we first compared each item between the 
hyperoxic and non-hyperoxic groups. Second, the survival and mortality 
rates of the groups at discharge were also compared, and factors asso-
ciated with survival and neurological outcomes at discharge were 

examined. In addition, we performed using the Mann–Whitney U and 
Fisher’s exact tests for continuous and categorical variables, respec-
tively. Multiple logistic regression analysis was used to examine the 
effect of hyperoxemia on outcomes. Patient background and clinical 
information variables that showed an association with survival at 
discharge, with a P value < 0.05, were used as adjustment factors. A P 
value < 0.05 denoted statistical significance. Multi-collinearity was 
tested using the variance inflation factor, with values > 10.0 indicating 
the presence of multi-collinearity. Statistical analyses were performed 
using JMP® version 16 software (SAS Institute Inc., Cary, NC).

The SAVE-J II study was registered in the University Hospital Med-
ical Information Network Clinical Trial Registry and Japan Clinical Trial 
Registry (registration number: UMIN000036490). This study was 
approved by the Ethics Review Committee of the Yokohama City Uni-
versity Medical Center (Ethics No.: K190300003; approval date: March 
23, 2022). Owing to the retrospective nature of this study, the need for 
written informed consent was waived, per the Personal Information 
Protection Law and National Research Ethics Guideline in Japan. The 
study was conducted in accordance with the principles of the Declara-
tion of Helsinki.

Results

Among 2,157 patients enrolled in the database, TTM was completed 
in 619 patients. Of these, we calculated the average PaO2 without 
missing the values measured on ICU days 2–4 for 440 patients, among 
whom 28 and 412 were classified as hyperoxic and non-hyperoxic, 
respectively (Fig. 1).

The median age of patients was 61 (interquartile range 49–67) years. 
Among the 440 patients, 377 (86 %) were male, 150 (34 %) had a his-
tory of hypertension, 101 (23 %) had a history of diabetes, 72 (16 %) had 
dyslipidemia, 125 (28 %) had a history of cardiovascular disease, 31 (7 
%) had a history of CNS disease, and 22 (5 %) had chronic kidney dis-
ease. Prehospital information included initial VF/VT waveform in 315 
(72 %) cases, witnessed in 365 (83 %), bystander CPR in 259 (60 %), loss 
of bilateral pupillary light reflex in 294 (88 %), and prehospital emer-
gency care in 99 (23 %). On arrival at the hospital, 27 (6 %) patients had 
ROSC. The mean blood lactate level was 12.4 (9.4–16.0) mmol/L, and 
the mean Hb level was 13.2 (11.3–14.8) g/dL. Among the cases, 97 % 
were cases of non-traumatic cardiopulmonary arrest (CPA), with 361 
(91 %) being cases of cardiogenic CPA. In addition, 13 (3 %) were cases 
of traumatic CPA. The mean low flow time was 52 (40–62) min, and 
percutaneous coronary intervention was performed in 220 (50 %) pa-
tients. The mean length of ICU stay and ventilation duration were 11 
(7–16) days and 9 (6–15) days, respectively. A total of 254 (58 %) pa-
tients survived at discharge, 138 (31 %) had a CPC of 1 or 2 at discharge, 
and 132 (31 %) had a CPC of 1 or 2 at 30 days after discharge. The 
comparison between the hyperoxic and non-hyperoxic groups revealed 
significant differences in the loss of bilateral paired light reflexes and 
survival at discharge (P < 0.05) (Table 1). Factors associated with sur-
vival at discharge included age, history of diabetes, initial VF/VT 
waveform, hyperoxemia, Hb level on arrival, and low flow time 
(Table 2).

In the multivariate analysis for survival at discharge, age (odds ratio 
[OR] = 0.97, 95 % confidence interval [CI] [0.96–0.99], P = 0.0007), 
initial VF/VT waveform (OR = 2.33, 95 % CI [1.46–3.73], P = 0.0004), 
and hyperoxemia (OR = 0.15, 95 % CI [0.05–0.43], P = 0.0004) were 
significant factors (Table 3). Similarly, the multivariate analysis for 
neurological outcomes at discharge showed that age (OR = 0.97, 95 % 
CI [0.96–0.99], P = 0.0021), initial VF/VT waveform (OR = 1.77, 95 % 
CI [1.03–3.02], P = 0.0380), Hb level at presentation (OR = 1.11, 95 % 
CI [1.02–1.21], P = 0.0207), and hyperoxemia (OR = 0.22, 95 % CI 
[0.06–0.82], P = 0.0235) were significant factors (Table 4). No multi- 
collinearity was observed in all analyses.
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Fig. 1. Flow diagram depicting patient selection procedure ECPR: extracorporeal cardiopulmonary resuscitation; TTM: targeted temperature management.

Table 1 
Comparison of variables between the hyperoxic and non-hyperoxic groups.

Median (interquartile range)/frequency (%) Number of valid cases (hyper/non-hyper)* All patients (n =
440)

Hyperoxic group (n 
= 28) 
(≥300 mmHg)

Non-hyperoxic group 
(n = 412) 
(<300 mmHg）

P value

Patient background
Age (28/412) 59 (49–67) 63.5 (44–69) 59 (49–67) 0.5015
Male (%) (28/412) 377 (86 %) 23 (82 %) 354 (86 %) 0.5769

Comorbidities
Hypertension (28/412) 150 (34 %) 10 (36 %) 140 (34 %) 0.8393
Diabetes (28/412) 101 (23 %) 6 (21 %) 95 (23 %) 1.0000
Dyslipidemia (28/412) 72 (16 %) 5 (18 %) 67 (16 %) 0.7931
Cardiovascular disease (28/412) 125 (28 %) 10 (36 %) 115 (28 %) 0.3899
CNS disease (28/412) 31 (7 %) 1 (4 %) 30 (7 %) 0.7098
Chronic kidney disease (28/412) 22 (5 %) 2 (7 %) 20 (5 %) 0.6426

Prehospital information
Initial VF/VT waveform (28/409) 315 (72 %) 17 (61 %) 298 (73 %) 0.1915
Witnessed (28/410) 365 (83 %) 23 (82 %) 342 (83 %) 0.7962
Bystander CPR (28/406) 259 (60 %) 20 (71 %) 239 (59 %) 0.2338
Loss of bilateral 

pupillary light reflex
(25/310) 294 (88 %) 16 (64 %) 278 (90 %) 0.0012

Prehospital emergency care (28/412) 99 (23 %) 7 (25 %) 92 (22 %) 0.8150

Hospital arrival
ROSC (28/411) 27 (6 %) 2 (7 %) 25 (6 %) 0.6870
Lac (mmol/L) (26/380) 12.4 (9.4–16.0) 13.1 (7.8–15.1) 12.4 (9.4–16.0) 0.6225
Hb (g/dL) (27/409) 13.2 (11.3–14.8) 13.9 (11.9–15.0) 13.1 (11.3–14.8) 0.1951
Traumatic (24/372) 13 (3 %) 0 (0 %) 13 (3 %) 1.0000
Cardiogenic (24/372) 361 (91 %) 24 (100 %) 337 (91 %) 0.1508
Low flow time (min) (27/398) 52 (40–62) 56 (41–70) 52 (40–61) 0.1114
PCI (28/408) 220 (50 %) 13 (46 %) 207 (51 %) 0.6996

ICU
Length of ICU stay (days) (28/404) 11 (7–16) 7.5 (5–13.5) 11 (7–16) 0.0550
Ventilation duration (days) (28/404) 9 (6–15) 8.5 (5–17.75) 9 (6–15) 0.5797

Outcome
Survival at discharge (28/412) 254 (58 %) 6 (21 %) 248 (60 %) <0.0001
CPC 1 or 2 at discharge (28/412) 138 (31 %) 4 (14 %) 134 (33 %) 0.0565
CPC 1 or 2 at 30 days after discharge (28/404) 132 (31 %) 4 (14 %) 128 (32 %) 0.0575

*(): Number of valid cases in each group; CNS: central nervous system, CPR: cardiopulmonary resuscitation, ROSC: return of spontaneous circulation; PCI: percu-
taneous coronary intervention, ICU: intensive care unit, CPC: cerebral performance category, VF/VT: ventricular fibrillation/ventricular tachycardia.
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Discussion

Prolonged hyperoxemia may affect survival and neurological out-
comes at discharge in patients undergoing ECPR and TTM. Although 

hyperoxemia worsens survival and neurological outcomes at dis-
charge,6–10 most previous studies were conducted at 24 h or earlier. 
Here, we focused on patients with ECPR undergoing TTM and hyper-
oxemia exceeding 24 h. The results suggest that prolonged hyperoxemia 
may affect survival and neurological outcomes after ECPR for OHCA in 
patients who undergo TTM.

ECPR for OHCA has gained popularity in the past few years and may 
significantly improve survival over conventional CPR in patients with 
refractory CPA.18–19 In addition, guidelines for treatment after cardiac 
arrest recommend TTM because it contributes to good neurological 
outcomes.20 The combination of appropriate implementation of ECPR 
after OHCA followed by TTM may improve survival and neurological 
outcomes. Hyperoxemia after ECPR has been reported to worsen sur-
vival and neurological outcomes at discharge.6–10 Therefore, PaO2 levels 
must be properly managed after ECPR while considering oxygen 
toxicity.

Oxygen toxicity has been recognized since the 19th century,21 and 
concepts of tissue and cellular damage by reactive oxygen species (ROS), 
especially from oxidative stress and ischemia–reperfusion injury, have 
been recently elucidated.22 The mechanisms of failure and the role of 
ROS in resuscitation are as follows. When oxygen supply is disrupted, 
energy is quickly lost from the brain; however, when blood flow re-
sumes, it rapidly recovers and returns to pre-ischemic values.23 How-
ever, when ischemic tissues undergo reperfusion, excessive production 
of ROS, nitric oxide (NO), and other substances results in vascular 
endothelial and microcirculatory damage associated with inflammatory 
responses, leading to progressive organ damage.24 In cells exposed to 
ischemic conditions, anaerobic glycolysis and acidosis due to oxygen 
deprivation decrease the intracellular pH and increase the intracellular 
Na+ concentration owing to the activation of the Na+/H+ exchange 
system and decreased activity of Na+/K+-ATPase because of decreased 

Table 2 
Comparison of variables between the survival and death groups at discharge.

Median (interquartile range)/frequency (%) Number of valid cases 
(survival/death)*

All patients (n = 440) Survival group (n = 254) Death group (n = 186) P value

Patient background
Age (254/186) 59 (49–67) 57 (46–66) 62 (53–69) <0.0001
Male (%) (254/186) 377 (86 %) 213 (84 %) 164 (88 %) 0.2175

Comorbidities
Hypertension (254/186) 150 (34 %) 80 (32 %) 70 (38 %) 0.1871
Diabetes (254/186) 101 (23 %) 48 (19 %) 53 (28 %) 0.0216
Dyslipidemia (254/186) 72 (16 %) 44 (17 %) 28 (15 %) 0.6022
Cardiovascular disease (254/186) 125 (28 %) 65 (26 %) 60 (32 %) 0.1349
CNS disease (254/186) 31 (7 %) 18 (7 %) 13 (7 %) 1.0000
Chronic kidney disease (254/186) 22 (5 %) 11 (4 %) 11 (6 %) 0.5097

Prehospital information
Initial VF/VT waveform (251/186) 315 (72 %) 203 (81 %) 112 (60 %) <0.0001
Witnessed (252/186) 365 (83 %) 209 (83 %) 156 (84 %) 0.8969
Bystander CPR (250/184) 259 (60 %) 151 (60 %) 108 (59 %) 0.7666
Loss of bilateral 

pupillary light reflex
(189/146) 294 (88 %) 163 (86 %) 131 (89 %) 0.4016

Prehospital emergency care (254/186) 99 (23 %) 60 (24 %) 39 (21 %) 0.5639

Hospital arrival
ROSC (254/185) 27 (6 %) 17 (7 %) 10 (5 %) 0.6889
Lac (mmol/L) (236/170) 12.4 (9.4–16.0) 12.7 (9.8–16.0) 12.2 (9.0–16.1) 0.3800
Hb (g/dL) (253/183) 13.2 (11.3–14.8) 13.4 (11.7–15.0) 12.9 (10.9–14.6) 0.0333
Traumatic (228/168) 13 (3 %) 10 (4 %) 3 (2 %) 0.2529
Cardiogenic (228/168) 361 (91 %) 210 (92 %) 151 (90 %) 0.4766
Low flow time (min) (243/182) 52 (40–62) 49 (39–61) 54 (42–63) 0.0431
PCI (252/184) 220 (50 %) 122 (48 %) 98 (53 %) 0.3333
ICU
Hyperoxemia** (254/186) 28 (6 %) 6 (2 %) 22 (12 %) <0.0001

*(): Number of valid cases in each group; **Hyperoxemia: an average PaO2 of ≥ 300 mmHg.
CNS: central nervous system, CPR: cardiopulmonary resuscitation, ROSC: return of spontaneous circulation; PCI: percutaneous coronary intervention, ICU: intensive 
care unit, CPC: cerebral performance category, VF/VT: ventricular fibrillation/ventricular tachycardia.

Table 3 
Multivariate analysis for survival at discharge.

Explanatory variable OR 95 % CI P value

Age 0.97 (0.96–0.99) 0.0007
Diabetes 0.61 (0.38–1.00) 0.0501
Initial VF/VT waveform 2.33 (1.46–3.73) 0.0004
Hb (arrival at hospital) 1.04 (0.96–1.13) 0.3096
Low flow time 1.00 (0.99–1.01) 0.7151
Hyperoxemia 0.15 (0.05–0.43) 0.0004

OR: odds ratio, CI: confidence interval, VF/VT: ventricular fibrillation/ventric-
ular tachycardia.
Hyperoxemia: an average PaO2 of ≥ 300 mmHg.

Table 4 
Multivariate analysis for neurological outcomes at discharge.

Explanatory variable OR 95 % CI P value

Age 0.97 (0.96–0.99) 0.0021
Diabetes 0.73 (0.43–1.26) 0.2661
Initial VF/VT waveform 1.77 (1.03–3.02) 0.0380
Hb (arrival at hospital) 1.11 (1.02–1.21) 0.0207
Low flow time 1.01 (1.00–1.01) 0.1840
Hyperoxemia 0.22 (0.06–0.82) 0.0235

OR: odds ratio, CI: confidence interval, VF/VT: ventricular fibrillation/ventric-
ular tachycardia.
Hyperoxemia: an average PaO2 of ≥ 300 mmHg.
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ATP levels, thereby increasing intracellular Ca2+ concentration. This 
increase in Ca2+ concentration is involved in the development of various 
ischemia–reperfusion disorders, such as arrhythmias and myocardial 
cell damage in cardiomyocytes.24 Therefore, treatment must assume 
that this ischemia–reperfusion injury is systemic in patients resuscitated 
following cardiac arrest.

TTM, formerly known as therapeutic hypothermia, is associated with 
lowering further brain damage.25–26 TTM may reduce brain metabolism 
by decreasing the consumption of oxygen and glucose by brain cells, 
thereby reducing the inflammatory response induced by reperfusion.27

In addition to stabilizing cellular enzymes, TTM may also reduce 
intracranial pressure.28 TTM is used for head trauma, stroke, meningitis, 
and acute respiratory distress syndrome, in addition to post- 
resuscitation care.29 Thus, appropriate ECPR and subsequent TTM for 
OHCA are associated with improved survival and neurological out-
comes. However, previous studies exploring the relationship of PaO2 
with survival and neurological outcomes after ECPR have been limited 
to patients who completed TTM. To address this limitation, we included 
only patients who underwent TTM. Furthermore, PaO2 data in previous 
studies were recorded immediately after ECPR, at 30 min, and at 24 
h.7,10,30–31 Most previous studies examined PaO2 within 24 h. This may 
be due to past studies showing that early hyperoxemia is more detri-
mental than late hyperoxemia32 and that oxidative stress after cardiac 
arrest occurs rapidly.33 However, within 24 h of consideration, patients 
who died early were included, which may have affected survival at 
discharge. In our study, we included patients with complete data up to 
day 4 and excluded those with missing data on days 2–4. Therefore, we 
did not include patients who died early after ECPR, and we had an 
advantage over previous studies in that we had a larger sample size and 
used longer-term PaO2. The results showed that even prolonged 
hyperoxemic management was associated with worse survival at 
discharge and worse neurologic outcomes.

The main causes of death during ECPR were early circulatory failure 
and delayed neuropathy, as reported by Bonnemain et al..31 Patients 
who died due to early circulatory failure tended to have higher initial 
lactate levels, whereas those who died due to delayed neuropathy ten-
ded to have lower initial lactate levels. Hyperoxemia may cause reper-
fusion injury in the former and hyperoxic neuropathy in the latter. In 
other words, initial lactate levels may influence the effects of hyper-
oxemia.31 As the cause of death was not mentioned in this study, eval-
uating the causal relationship between hyperoxemia and death is 
impossible, and this should be the focus of future studies.

This study showed significant differences in hyperoxemia, age, and 
initial VF/VT waveform factors related to survival at discharge. Among 
these factors, hyperoxemia was strongly and significantly different from 
other factors, with an OR of 0.15. This indicates that, even with TTM, 
oxygen toxicity must be carefully considered, and it is possible that its 
management may need to be adhered to over time. In summary, mini-
mizing brain cell metabolism through TTM and appropriate ECPR and 
avoiding hyperoxemia-induced toxicity not only early but also in the 
long term is the key to saving patients with OHCA.

This study has certain strengths. First, PaO2 values were calculated 
using data from ICU days 2–4. Second, the sample size was large. Third, 
only patients with complete TTM were included in the analysis.

However, this study has some limitations. First, it was conducted in 
Japan; thus, the findings cannot be generalized to patients in other 
countries. Second, the results cannot be generalized to patients who 
received ECPR but not TTM. Third, ECPR protocols and management 
differed among health centers. Fourth, missing data may have caused 
selection bias. Fifth, blood sampling for blood gas analysis in patients 
from the database was insufficient (once daily), potentially confounding 
the results as variations in vital signs, ventilator settings, and other 
parameters can affect blood gas analysis. Sixth, the site of blood sam-
pling was not mentioned. Because the mixing zone changes according to 
cardiac function during extracorporeal membrane oxygenation (ECMO), 
the interpretation of the results differs depending on the sampling site, 

even for the same patient. Seventh, although the cutoff value was set at 
300 mmHg based on previous studies, whether this value was appro-
priate is unknown. Eighth, the percentage of patients with cardiogenic 
CPA was high (91 %), potentially leading to analytical bias. Therefore, 
the results may not reflect outcomes in patients with non-cardiogenic 
CPA. Ninth, extreme hyperoxemia may occur in patients with reduced 
cardiac function. A high PaO2 level determined by blood gas analysis of 
the right radial artery could have been primarily obtained through 
ECMO flow. Thus, it is unclear whether the worse clinical outcomes are 
due to hyperoxemia or impaired cardiac function; detailed records of 
cardiac function would have provided more information on outcomes. 
Tenth, early hyperoxemia in patients surviving at least 4 days was not 
considered. Additionally, although hyperoxemia was shown to be 
significantly associated with the primary outcome of survival at 
discharge, the underlying mechanism remains unclear. Moreover, the 
effect of hyperoxemia on neurological outcomes may involve partial 
pressure of carbon dioxide and PaO2. Further studies are warranted to 
overcome these limitations.

Conclusion

This study showed that hyperoxemia on day 2–4 after cardiac arrest 
is associated with lower odds of survival to hospital discharge and sur-
vival with favorable neurological outcomes.
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Glossary

AHA: American Heart Association
CI: confidence interval
CNS: central nervous system
CPA: cardiopulmonary arrest
CPC: cerebral performance category
ECPR: extracorporeal cardiopulmonary resuscitation
Hb: hemoglobin
ICU: intensive care unit
OHCA: out-of-hospital cardiac arrest
OR: odds ratio
PaO2: partial pressure of arterial oxygen
PCAS: post-cardiac arrest syndrome
ROS: reactive oxygen species
ROSC: return of spontaneous circulation
TTM: targeted temperature management
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