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Abstract 

Background Hyperoxemia may aggravate reperfusion brain injury after cardiac arrest. The aim of this study was 
to study the associations between different levels of hyperoxemia in the reperfusion period after cardiac arrest and 
30‑day survival.

Methods Nationwide observational study using data from four compulsory Swedish registries. Adult in‑ and out‑
of‑hospital cardiac arrest patients admitted to an ICU, requiring mechanical ventilation, between January 2010 and 
March 2021, were included. The partial oxygen pressure  (PaO2) was collected in a standardized way at ICU admission 
(± one hour) according to the simplified acute physiology score 3 reflecting the time interval with oxygen treatment 
from return of spontaneous circulation to ICU admission. Subsequently, patients were divided into groups based on 
the registered  PaO2 at ICU admission. Hyperoxemia was categorized into mild (13.4–20 kPa), moderate (20.1–30 kPa) 
severe (30.1–40 kPa) and extreme (> 40 kPa), and normoxemia as  PaO2 8–13.3 kPa. Hypoxemia was defined as 
 PaO2 < 8 kPa. Primary outcome was 30‑day survival and relative risks (RR) were estimated by multivariable modified 
Poisson regression.

Results In total, 9735 patients were included of which 4344 (44.6%) were hyperoxemic at ICU admission. Among 
these, 2217 were classified as mild, 1091 as moderate, 507 as severe, and 529 as extreme hyperoxemia. Normoxemia 
was present in 4366 (44.8%) patients and 1025 (10.5%) had hypoxemia. Compared to the normoxemia group, the 
adjusted RR for 30‑day survival in the whole hyperoxemia group was 0.87 (95% CI 0.82–0.91). The corresponding 
results for the different hyperoxemia subgroups were; mild 0.91 (95% CI 0.85–0.97), moderate 0.88 (95% CI 0.82–0.95), 
severe 0.79 (95% CI 0.7–0.89), and extreme 0.68 (95% CI 0.58–0.79). Adjusted 30‑day survival for the hypoxemia com‑
pared to normoxemia group was 0.83 (95% CI 0.74–0.92). Similar associations were seen in both out‑of‑hospital and 
in‑hospital cardiac arrests.

Conclusion In this nationwide observational study comprising both in‑ and out‑of‑hospital cardiac arrest patients, 
hyperoxemia at ICU admission was associated with lower 30‑day survival.
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Introduction
Brain injuries are the leading cause of death and neu-
rological disability after resuscitated cardiac arrest [1, 
2]. The pathophysiological mechanisms following car-
diac arrest and the post resuscitation phase, are com-
plex, they start within minutes and can last for several 
days in patients with return of spontaneous circulation 
(ROSC) [3–5]. By regulating this process, one could pos-
sibly reduce its detrimental effect on the neurological 
outcome.

Oxygen  (O2) has a double-edged role in several critical 
conditions associated with ischemia-reperfusion injuries. 
In the case of cardiac arrest, the global ischemia, within 
minutes lead to potentially irreversible injuries, in par-
ticular in the brain [6]. At the same time, in cases where 
ROSC is achieved, reperfusion with oxygenated blood 
will initiate formation of radical oxygen species (ROS) 
and subsequent lipid perioxidation of the cell membrane, 
mitochondrial damage, excitotoxicity, loss of ion gra-
dients and finally, structural brain damage [7–14]. This 
process begins within 15  min of reperfusion and has in 
experimental studies been accelerated by supranormal 
levels of  O2 in arterial blood, so called hyperoxemia [12, 
14].

Current international guidelines recommend the use of 
100% inspired oxygen during cardiopulmonary resuscita-
tion (CPR) and after ROSC has been restored until the 
arterial oxygen saturation can be measured reliably, and 
thereafter to target for normoxia rather than hyperoxia. 
However, these recommendations are based on low-
certainty evidence [6]. Commonly, in real life situations, 
patients are administered 100% oxygen from the ini-
tiation of resuscitation until patients are admitted to the 
intensive care unit (ICU), which include the transport to 
hospital and transfers between different units within the 
hospital such as catherization lab, Xray department and 
ICU.

Clinical studies investigating hyperoxemia after car-
diac arrest with ROSC are heterogenous and have shown 
varying results [15–17]. For example, there is a wide 
variation in timing of  PaO2 measurements wherein 
some cases only one single  PaO2-value up to 24  h after 
ICU arrival has been analysed [18, 19]. Furthermore, 
many studies have defined hyperoxemia as  PaO2 > 40 kPa 
(300 mmHg), which is way above the upper limit for nor-
moxemia, often defined around 13.3  kPa (100  mmHg) 
[12, 15]. As a specific cut-off limit for potential toxicity 
of hyperoxemia after cardiac arrest remains to be deter-
mined, it may lay anywhere above the normal range val-
ues [6, 15]. Several of the previous studies in the field are 
too small to provide granular information on hyperox-
emia in the early reperfusion phase occurring after ROSC 
until ICU admission. Thus, it remains uncertain how and 

when increased levels of PaO2 are associated with worse 
outcomes.

The aim of this large registry study was to study the 
associations between 30-day survival and different lev-
els of hyperoxemia (defined as mild to extreme) in the 
vulnerable reperfusion period from ROSC until ICU 
admission.

Material and methods
This was a nationwide observational register-based study, 
performed in Sweden using data from the 1st of January 
2010 to the 29th of March 2021. The data was obtained 
from four registries: the Swedish Intensive Care Reg-
istry (SIR), the National Patient Register, the Cause of 
Death Register and Swedish Registry for Cardiopulmo-
nary Resuscitation. Ethical approval for the study was 
obtained from by the Swedish Ethical Review Authority 
(2022-02450-02).

Patients
We included mechanically ventilated patients who 
were ≥ 18 years of age and admitted to an ICU with the 
primary diagnosis of cardiac arrest. The patients were 
subsequently reported to SIR during the study period. 
We excluded patients with missing data on  PaO2. We also 
excluded patients treated with extracorporeal membrane 
oxygenation (ECMO).

The Swedish Intensive Care Registry (SIR)
The Swedish Intensive Care Registry (SIR), is a national 
health registry founded in 2001 [20] and contains a large 
amount of intensive care data such as diagnoses, inpatient 
care, interventions and patient reported health effects. 
The registry´s coverage rate has gradually increased over 
the years, and in 2021 all hospitals in Sweden reported to 
SIR [21]. The ICU:s are obligated to register the Simpli-
fied Acute Physiology Score (SAPS) 3 to SIR. The SAPS 
3 include physiological parameters (e.g. the single lowest 
 PaO2) ± 1 h from ICU admission and this is the source to 
the  PaO2 used in our study. The registry has previously 
been described in more detail [21].

The National Patient Register (NPR) and Cause of Death 
Register (CDR)
The NPR and the CDR are maintained by Swedish 
National Board of Health and Welfare and collect indi-
vidual patient data including primary cause of admission, 
co-morbidities, health care episodes and date of death. 
Data collection is based on social security numbers 
assigned to all registered residents in Sweden. The NPR 
includes all in-patient care in Sweden since 1987, the 
register has been validated several times and the com-
pleteness of the reported data is almost 100% [22]. Data 
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on Charlson comorbidity index (CCI) in our study was 
obtained from the NPR and data on 30-day survival was 
obtained from the CDR.

Swedish Registry for Cardiopulmonary Resuscitation (SRCR)
The SRCR describes both out-of-hospital cardiac arrest 
(OHCA) and in-hospital cardiac arrest (IHCA) in Swe-
den. The registry started 1990 for OHCA and 2005 for 
IHCA and includes patients in whom CPR was started by 
medical staff [23]. It contains data on interventions, phar-
maceuticals, inpatient care and is reported in accordance 
with the Utstein guidelines [24]. The registry´s degree of 
coverage has gradually increased over the years, and in 
2021 all EMS providers and hospitals in Sweden reported 
to the registry [23]. The registry has been validated and 
previously been described in more detail [25, 26].

Definitions
Patients were divided into groups based on lowest  PaO2 
within one hour from ICU arrival. Hyperoxemia was 
defined as  PaO2 > 13.3  kPa (> 100  mmHg), normoxemia 
as  PaO2 8–13.3  kPa (60–100  mmHg) and hypoxemia 
as  PaO2 < 8  kPa (< 60  mmHg). Furthermore, patients 
with hyperoxemia were divided into four groups based 
on their  PaO2-level: mild hyperoxemia; 13.4–20  kPa 
(100–150  mmHg), moderate hyperoxemia; 20.1–30  kPa 
(150–225  mmHg), severe hyperoxemia; 30.1–40  kPa 
(225–300  mmHg), and extreme hyperoxemia; > 40  kPa 
(> 300 mmHg).

The definition of hypoxemia and hyperoxemia was the 
same as applied in several previous studies on the subject 
[27–31]. The different thresholds within the hyperoxemia 
group were pragmatically chosen. The highest threshold 
(> 40 kPa) within the hyperoxemia group is in accordance 
with the definition used for hyperoxemia in several previ-
ous studies [15, 19, 31].

Outcomes
The primary outcome was 30-day survival. The main 
population included all cardiac arrest patients, subgroup 
populations included patients with OHCA and IHCA, 
respectively. Subgroup analysis was also performed based 
on initial rhythm. Furthermore, we analyzed the expo-
sure of  PaO2 as a continuous variable to explore a pos-
sible cut-off level for worse outcome.

Statistical analysis
Normally distributed continuous variables are presented 
as means and standard deviations, non-normally dis-
tributed continuous variables are presented as medians 
and quartiles, and categorical variables are presented as 
counts and proportions. Differences in baseline charac-
teristics was assessed with standardized mean difference 

(SMD). The normoxia group  (PaO2 8–13.3) was used as 
a reference group and the other groups were compared 
with the normoxia group. To estimate the relative risk 
(RR) and 95% confidence interval (CI) multivariate modi-
fied Poisson regression analysis was performed. Adjust-
ment for age, sex, initial shockable rhythm, bystander 
CPR, witnessed status, location, EMS/Rapid response 
team-response time, Charlson comorbidity index 
(CCI)  and  SAPS-3-score was made. P-values < 0.05 was 
considered significant. As a sensitivity analysis, the rela-
tionship between arterial oxygen levels and survival was 
analysed using multiple logistic regression with b-splines, 
with 4 degrees of freedom, for the continuous  PaO2 vari-
able. Missing data was handled using multiple imputa-
tion by chained equations (mice) under the assumption 
of missing at random. Fifteen datasets were created and 
the results from the main analyses were pooled using 
Rubins´s rule. As a sensitivity analysis, the regression 
models were also performed on complete cases. The 
statistical software R version 4.1.3 (R foundation for 
Statistical Computing, Vienna, Austria) was used for all 
analyses.

Results
A total of 12833 adult cardiac arrest patients were identi-
fied in the registries for the study period, of which 9735 
fulfilled the inclusion criteria and were included in the 
analysis.

Of those, 4344 (44.6%) patients were classified as 
hyperoxemia, 4366 (44.8%) patients as normoxemia and 
1025 (10.5%) patients as hypoxemia. Within the hyperox-
emia group, 2217 patients had mild hyperoxemia  (PaO2 
13.4–20  kPa), 1091 patients had moderate hyperoxemia 
 (PaO2 20.1–30 kPa), 507 patients had severe hyperoxemia 
 (PaO2 30.1–40 kPa) and 529 patients had extreme hyper-
oxemia  (PaO2 > 40 kPa). Flow of patients can be seen in 
Fig. 1 and the distribution of patients based on  PaO2 can 
be seen in Additional file  6: Fig.  6. Furthermore, 6202 
OHCA patients and 3533 IHCA patients were included 
in the analysis (Additional file  1: Fig.  1 and Additional 
file 2: Fig. 2).

Baseline characteristics for the included patients are 
shown in Table  1. Most characteristics were similar 
between the groups, e.g. the time from cardiac arrest 
to ICU arrival; 94–114  min for OHCA patients and 
35–43 min for IHCA patients. The hypoxemia group had 
slightly higher SAPS3-score and somewhat fewer patients 
in the hypoxemia and  PaO2 > 40 kPa-group had an initial 
shockable rhythm. The physiological parameters ± 1  h 
from ICU admission for the study patients are presented 
in Table 2.
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Outcome
Patient outcomes are presented in Fig.  2 and in Addi-
tional file  7: Fig.  7. The crude 30-day survival rates 
were 32.2% in the hyperoxemia group, 36.2% in the 
normoxemia group and 23.8% in the hypoxemia group. 
Compared to the normoxemia group, the adjusted RR 
for 30-day survival in the whole hyperoxemia group 
was 0.87 (95% CI 0.82–0.91). Among patients with 
hyperoxemia, survival was successively (p-value for 
trend < 0.0001) decreasing with higher  PaO2-levels 
(Figs.  2 and 3). Compared to the normoxemia group, 
the adjusted RR for the mild hyperoxemia group was 
0.91 (95% CI 0.85–0.97), for the moderate hyperoxemia 
group 0.88 (95% CI 0.82–0.95), for the severe hyperox-
emia group 0.79 (95% CI 0.7–0.89), and for the extreme 
hyperoxemia group 0.68 (95% CI 0.58–0.79). Adjusted 
RR for the hypoxemia compared to normothermia 
group was 0.83 (95% CI 0.74–0.92). A similar pattern 
was seen in OHCA and IHCA (Fig.  2). The adjusted 
30-day survival with  PaO2 as continuous variable is 
presented in Fig. 3.

Further subgroup analyses with regard to first car-
diac rhythm are presented in Additional file  4: Fig.  4 
and Additional file  5: Fig.  5. Similar associations were 
found, but strongest among patients with initial non-
shockable rhythms.

Sensitivity analysis
Complete cases yielded similar results (Additional file 3: 
Fig. 3) as the main (imputed) data set.

Discussion
The main finding of this nationwide study of resuscitated 
cardiac arrest patients was that hyperoxemia compared 
to normoxemia at the time of ICU admission was asso-
ciated with worse outcomes, this was most apparent in 
the groups with severe and extreme hyperoxemia. This is 
new information derived from an unselected, all-comer 
population and has not been seen in previous obser-
vational studies. In addition, the same potential “dose-
response” associations were seen in both OHCA and 
IHCA patients. As expected, hypoxemia at ICU admis-
sion was associated with lower 30-day survival compared 
to normoxia.

Following cardiac arrest, the cerebral tissue oxygen ten-
sion  (PbtO2) drops within minutes to almost zero [32, 
33]. By administration of a high fraction of inspired oxy-
gen  (FiO2) during CPR, the  PbtO2 during optimal experi-
mental conditions, can be restored close to pre-arrest 
levels [32–34]. Furthermore, observational studies have 
demonstrated an association between higher  PaO2 dur-
ing CPR and greater probability to obtain ROSC [35, 36]. 
On the other hand, at time of ROSC in real life cases, the 

Fig. 1 Flow of cardiac arrest patients. *Swedish intensive care registry
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 PaO2 is changed from commonly severe hypoxemia to 
oxygenated reperfusion with continued high  O2 delivery. 
Subsequently, the  PbtO2 increases severalfold [32, 33] 
and experimental and observational data suggest that this 
hyperoxemia could be harmful during the reperfusion 

phase [7–9, 37]. The fact that the effects of reperfusion, 
and the risk for formation of ROS, increases dramatically 
within minutes after ROSC, may be a possible physiologi-
cal explanation for our findings.

Table 1 Baseline Characteristics of the study population

¥ Rapid response team
* Emergency medical services
# Simplified acute physiology score 3

ºCharlson comorbidity index
¶ Standard mean difference

Hypoxemia Normoxemia Hyperoxemia SMD¶ Missing, %

All Cardiac arrests

PaO2  < 8 kPa 8–13.3 kPa 13.4–20 kPa 20.1–30 kPa 30.1–40 kPa  > 40 kPa

n (%) 1025 (11) 4366(45) 2217 (23) 1091 (11) 507 (5) 529 (5)

Age, median (IQR), y 70 (59–77) 70 (61–77) 68 (57–77) 68 (57‑ 76) 68 (56–77) 70 (59–78) 0.09 0

Women, no (%) 377 (37) 1462 (34) 697 (32) 357 (33) 166 (33) 202 (38) 0.07 0.1

Witnessed cardiac arrest, no (%) 827 (82) 3537 (83) 1688 (78) 813 (77) 374 (76) 400 (78) 0.09 2.3

Shockable rhythm, no (%) 249 (29) 1435 (39) 786 (41) 351 (37) 178 (40) 132 (29) 0.13 14.8

SAPS3#‑score, median (IQR) 85 (76–94) 79 (69–88) 77 (68–86) 78 (68–86) 78 (70–86) 79 (71–87) 0.23 0

CCIº, mean (SD) 2.6 (2.2) 2.7 (2.3) 2.5 (2.2) 2.4 (2.2) 2.3 (2.1) 2.4 (2.3) 0.08 0

Median time from cardiac arrest to ICU 
arrival, min (IQR)

70 (37–119) 88 (48–143) 93 (53–147) 89 (58–132) 89 (53–131) 84 (54–121) 0.127 7.5

OHCA

PaO2  < 8 kPa 8–13.3 kPa 13.4–20 kPa 20.1–30 kPa 30.1–40 kPa  > 40 kPa

n (%) 512 (8) 2664 (43) 1522 (25) 783 (13) 349 (6) 372 (6)

Age, median (IQR), y 69 (56–77) 68 (58–76) 67 (56–76) 67 (55–76) 66 (55–76) 69 (57–77) 0.08 0

Women, no (%) 162 (32) 807 (30) 449 (30) 230 (29) 108 (31) 141 (38) 0.07 0.1

Median EMS* response time, min (IQR) 8 (5.0–13) 7 (5–11) 7 (5–11) 7.0 (5–11) 7 (5–11) 7 (5–12) 0.07 3.1

Location at home, no (%) 317 (62) 1665 (63) 925 (61) 472 (60) 232 (67) 269 (73) 0.13 0.3

Witnessed cardiac arrest, no (%) 397 (79) 2081 (80) 1116 (75) 567 (75) 249 (74) 274 (77) 0.07 2.8

Bystander CPR, no (%) 305 (63) 1586 (62) 928 (64) 437 (58) 194 (58) 205 (58) 0.07 4.3

Shockable rhythm, no (%) 183 (40) 1127 (48) 659 (48) 303 (43) 145 (46) 108 (33) 0.14 11

SAPS3‑score, median (IQR) 82 (75–90) 77 (68–86) 75 (67–84) 76 (67–85) 77 (69–84) 79 (70–85) 0.23 0

CCI, mean (SD) 2.3 (2.1) 2.3 (2.2) 2.2 (2.1) 2.0 (2.0) 2.1 (2.2) 2.1 (2.1) 0.07 0

Median time from cardiac arrest to ICU 
arrival, min (IQR)

105 (73–142) 114 (79–167) 111(77–163) 101 (75–150) 98 (77–148) 94 (73–132) 0.14 1.6

IHCA

PaO2  < 8 kPa 8–13.3 kPa 13.4–20 kPa 20.1–30 kPa 30.1–40 kPa  > 40 kPa

n (%) 513 (15) 1702 (48) 695 (20) 308 (9) 158 (4) 157(4)

Age, median (IQR), y 72 (62–78) 72 (64–78) 70 (62–78) 72 (63–78) 70 (59–77) 72 (63–79) 0.10 0

Women, no (%) 215 (42) 655 (39) 248 (36) 127 (41) 58 (37) 61 (39) 0.06 0

Median RRT ¥‑response time, min (IQR) 3 (2–5) 3 (2–5) 3 (2–5) 3 (2–5) 3 (2–5) 3 (2–5) 0.04 26.5

Location at general ward, no (%) 261 (52) 820 (49) 337 (51) 166 (56) 88 (56) 85 (56) 0.28 2.9

Witnessed cardiac arrest, no (%) 430 (85) 1456 (87) 572 (84) 246 (81) 125 (80) 126 (82) 0.08 1.5

Bystander CPR, no (%) 419 (94) 1413 (93) 577 (93) 246 (90) 127 (89) 131 (93) 0.09 10.8

Shockable rhythm, no (%) 66 (17) 308 (23) 127 (23) 48 (20) 33 (25) 24 (19) 0.09 21.4

SAPS3‑score, median (IQR) 88 (79–96) 83 (72–93) 80 (70–90) 82 (75–91) 83 (74–93) 82 (73–91) 0.19 0

CCI, mean (SD) 2.9 (2.3) 3.2 (2.4) 3.1 (2.5) 3.2 (2.3) 2.8 (2.0) 3.1 (2.7) 0.1 0

Median time from cardiac arrest to ICU 
arrival, min (IQR)

37 (23–56) 40 (25–66) 43 (28–70) 43 (27–71) 36 (24–60) 35 (26–53) 0.08 17.7



Page 6 of 11Awad et al. Critical Care           (2023) 27:86 

According to current European guidelines, 100%  O2 
should be given during CPR and in case of ROSC one 
should aim for arterial blood oxygen saturation 94–98% 
as soon as this can be monitored safely [6]. These recom-
mendations, however, are based on a low degree of evi-
dence and are difficult to follow in a controlled way in the 
early post-ROSC period that is associated with ambu-
lance transport, admission to the emergency department, 
intra-hospital transfer and, finally, admission to the ICU 
which in this cohort occurred in median about two hours 

after the cardiac arrest in the OHCA patients. Previous 
observational studies have heterogenous study designs, 
measure oxygen levels at different time points and show 
inconsistent results [15, 18, 28, 38]. In two landmark 
studies published more than 10 years ago, only one single 
 PaO2-value up to 24 h from ICU admission was analyzed 
[18, 19]. A recent meta-analysis concluded that most 
observational studies comparing  PaO2-levels after ROSC 
suffer from a high risk of bias and therefore pooled analy-
sis was not performed [15]. Most studies did not reach 

Table 2 Physiological parameters at ICU admission (± one hour)

Hypoxemia Normoxemia Hyperoxemia SMD¶ Missing, %

All cardiac arrest

PaO2  < 8 kPa 8–13.3 kPa 13.4–20 kPa 20.1–30 kPa 30.1–40 kPa  > 40 kPa

n 1025 4366 2217 1091 507 529

PaO2 (lowest), median (IQR) 6.8 (5.9–7.4) 10.5 (9.3–11.9) 16 (14.5–17.9) 24 (22–26.8) 34.7 (32.2–37) 52 (45.8–61) 5.778 0

Fraction inspired  O2 (%),mean (SD) 81 (23) 66 (23) 62 (23) 63 (23) 71 (23) 85 (21) 0.51 1.7

Systolic blood pressure (lowest), 
mean (SD)

63(41) 74 (41) 77 (42) 78 (42) 74 (43) 69 (43) 0.16 1.3

Heart rate (highest), mean (SD) 96 (41) 95 (36) 92 (36) 94 (35) 93 (34) 92 (36) 0.06 1.2

GCS (lowest), median (IQR) 3 (3–4) 3 (3–6) 3 (3–6) 3 (3–5) 3 (3–4) 3 (3–3) 0.14 70

Highest temperature  (Co), mean 
(SD)

35.6 (2.1) 35.7 (1.5) 35.6 (1.4) 35.5 (1.4) 35.4 (1.5) 35.3 (2.1) 0.13 6.4

Arterial pH (lowest), mean (SD) 7.1 (0.2) 7.2 (0.2) 7.2 (0.2) 7.2 (0.2) 7.2 (0.2) 7.1 (0.2) 0.15 1.1

Bilirubine (highest), mean (SD) 14 (26) 13 (25) 13 (22) 13 (32) 12 (18) 12 (16) 0.04 12

OHCA

PaO2  < 8 kPa 8–13.3 kPa 13.4–20 kPa 20.1–30 kPa 30.1–40 kPa  > 40 kPa

n 512 2664 1522 783 349 372

PaO2 (lowest), median (IQR) 6.9 (6.0–7.5) 10.7 (9.4–12) 16.0 (14.5–17.9) 24 (21.9–26.8) 34.6 (32.4–37) 52 (45.9–60) 5.8 0

Fraction inspired  O2 (%), mean (SD) 78 (23) 63 (23) 59 (22) 60 (22) 69 (23) 84 (23) 0.55 1.7

Systolic blood pressure (lowest), 
mean (SD)

70 (41) 79 (40) 80 (41) 83 (41) 80 (41) 73 (42) 0.15 1.1

Heart rate (highest), mean (SD) 95 (37) 91 (33) 88 (32) 93 (32) 92 (30) 89 (32) 0.09 1.1

GCS (lowest), median (IQR) 3 (3–4) 3 (3–5) 3 (3–4) 3 (3–4) 3 (3–3) 3.0 (3–3) 0.14 68.2

Highest temperature  (Co), mean 
(SD)

35.1 (2.3) 35.5 (1.5) 35.4 (1.4) 35.3 (1.4) 35.1 (1.4) 35.1 (2.3) 0.12 5.2

Arterial pH (lowest), mean (SD) 7.1 (0.2) 7.2 (0.2) 7.2 (0.2) 7.2 (0.2) 7.2 (0.2) 7.1 (0.2) 0.16 1

Bilirubine (highest), mean (SD) 11 (11) 11 (23) 11 (16) 11 (20) 11 (12) 11 (16) 0.02 11.3

IHCA

PaO2  < 8 kPa 8–13.3 kPa 13.4–20 kPa 20.1–30 kPa 30.1–40 kPa  > 40 kPa

n 513 1702 695 308 158 157

PaO2 (lowest), median (IQR) 6.7 (5.9–7.4) 10.3 (9.1–11.8) 15.9 (14.5–17.8) 24 (22.1–26.6) 34.8 (32–36.9) 52.6 (45–63) 5.7 0

Fraction inspired  O2 (%), mean (SD 84 (22) 71 (23) 69 (24) 71 (23) 77 (21) 87 (20) 0.41 1.7

Systolic blood pressure (lowest), 
mean (SD)

57 (40) 66 (42) 69 (43) 66 (42) 62 (45) 59 (43) 0.13 1.6

Heart rate (highest), mean (SD) 99 (46) 100 (41) 99 (41) 96 (41) 97 (42) 100 (44) 0.05 1.3

GCS (lowest), median (IQR) 3 (3–5) 3 (3–9) 3 (3–9) 3 (3–7) 3 (3–4) 3 (3–8) 0.21 71.9

Highest temperature  (Co), mean 
(SD)

36.2 (1.6) 36.2 (1.4) 36.2 (1.3) 36.1 (1.3) 36 (1.5) 35.8 (1.6) 0.14 8.4

Arterial pH (lowest), mean (SD) 7.1 (0.2) 7.2 (0.2) 7.2 (0.2) 7.2 (0.2) 7.2 (0.2) 7.1 (0.2) 0.14 1.3

Bilirubine (highest), mean (SD) 18 (35) 15 (27) 16 (30) 20 (50) 15 (27) 14 (16) 0.07 13.9
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statistical significance, but most of the individual studies 
had point estimates favouring normoxemia over hyper-/
hypoxemia.

We believe that our findings are based on measure-
ments of  PaO2 at an important time point within a few 

hours from reperfusion after ROSC and support current 
guideline recommendation to strive for normoxemia as 
soon ROSC is achieved. To the best of our knowledge, 
this is the first time such a potential dose-response rela-
tionship between early  PaO2-levels after ROSC and 

Fig. 2 Adjusted RR for 30‑day survival in different  O2‑groups compared to normoxemia group. Adjusted for sex, age, witnessed status, bystander 
CPR, location, EMS/Rapid response team‑response time, initial rhythm, Charlson comorbidity index, SAPS 3 score
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Fig. 3 Adjusted predicted 30‑day survival with  PaO2 as a continuous variable (b‑splines with 4 degrees of freedom). Adjusted for sex, age, 
witnessed status, bystander CPR, location, EMS/Rapid response team‑response time, initial rhythm, Charlson comorbidity index, SAPS 3 score. 
Dotted lines represent 95% confidence intervals
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survival has been demonstrated in a real-world clinical 
setting. A dose-response relationship increases the likeli-
hood for an underlying biological mechanism. Neverthe-
less, despite our large cohort, it is difficult to determine 
an exact cut-off point for when hyperoxemia becomes 
associated with worse outcome. However, instead of 
looking for an arbitrary cut-off point, it might be reason-
able to regard supranormal  PaO2 as a continuum: the 
higher, the more dangerous. This approach is supported 
by the appearance of the survival curves with  PaO2 as 
continuous variable (Fig. 3).

The results from this study need to be put in the light of 
previous studies. Several RCT:s have studied the effect of 
different oxygen therapy strategies in ICU patients with-
out demonstrating any significant difference in clinically 
relevant outcomes [16, 39–42]. Of notice, most of these 
studies did not specifically study cardiac arrest patients 
and in all of these studies, the “liberal oxygen groups” 
had  PaO2-levels that correspond to the lower range in 
the mild hyperoxia group in our study. It is reasonable to 
believe that the level of hyperoxemia in these studies was 
too modest and/or too late to cause harm. In the recently 
published EXACT-trial, that randomized lower  (SpO2 
90–94%) vs higher  (SpO2 99–100%)  O2 saturation targets 
in resuscitated cardiac arrest patients in the prehospital 
setting, the lower  SpO2 -target group had more hypoxic 
events and a trend towards lower survival [17] which is 
in agreement with our findings. The median first  PaO2 
in ICU in the higher  SpO2 -target group was 15.2  kPa 
(114  mmHg), i.e. corresponding to the lower range of 
the modest hyperoxemia group in our study. Thus, these 
findings are not applicable to our data from an unselected 
population where a substantial proportion of patients 
had significantly higher  PaO2-levels.

A prospective cohort study from Roberts et  al. [27] 
showed that early hyperoxemia was independently asso-
ciated with worse neurological function at hospital dis-
charge. The  PaO2-cut point for worse outcome started 
at ≥ 40  kPa. In a recently published sub-analysis of the 
Target Temperature Management 2 (TTM2) trial, both 
hypoxemia and severe hyperoxemia were significantly 
associated with 6 month-mortality [43]. The best cut-off 
point associated with 6 month-mortality was 195 mmHg 
(26  kPa), which resembles the results in our study. This 
association could not be seen in a post hoc analysis of 
the first Targeted Temperature Management (TTM) trial 
[29]. All the above studies focused on  PaO2-levels after 
ICU-arrival, while our study focuses more on the initial 
phase after the cardiac arrest including only samples col-
lected within one hour from ICU admission. In a Finish 
study, including 1110 patients, there was no association 
between early hyperoxemia (on the first  PaO2 collected 
after ROSC) and favorable neurological outcome [30].

Oxygen therapy after cardiac arrest has become a 
major research question in post resuscitation manage-
ment [44]. In practice, it may be difficult to titrate oxy-
gen saturation in a controlled and safe manner in the 
prehospital setting, which was recently highlighted 
in the EXACT trial [17]. Most often, there is no pos-
sibility to analyze arterial blood gases and measure-
ment of oxygen saturation by pulse oximetry  (SpO2) 
may be unreliable due to for example vasoconstric-
tion. In a study by Young et al. [45] where participants 
were randomized to either targe  SpO2 90–94% or 
 SpO2  100%, only 18 patients were enrolled before the 
trial was stopped due to safety concerns (7/8 patients in 
lower target group had an episode of  SpO2 < 88%). For-
tunately, there are currently several registered RCT:s 
investigating optimal oxygenation targets at different 
time points after cardiac arrest which may aid to close 
this important gap of knowledge [15].

This study has several strengths and adds novel infor-
mation to this clinically important research question. 
Our national registers are of high quality and include 
most of the patients who were treated in an ICU after 
cardiac arrest in Sweden during the study period. The 
proportion of missing data is low, for the exposure 
 (PaO2) values were missing for approximately 15% 
of patients and for the main outcome (mortality) we 
have complete data. All registered blood gas results 
were collected from one hour before to one hour after 
admission to the ICU, thus comparatively in the early 
reperfusion period after the cardiac arrest and within 
the period where most of the cellular injuries occur. 
Thanks to the large study population, we were able to 
perform more granular analyses than most other stud-
ies on the subject.

However, there are several limitations. First, we know 
only the registered  PaO2 is ± 1  h from ICU arrival, but 
the exact time point is unknown. Second, we only have 
data on the lowest registered  PaO2 and therefore there 
may be patients who initially had even higher  PaO2 levels 
at an earlier time point that subsequently were titrated 
down, thus leading to misclassification. However, if any-
thing, it strengthens the likelihood that those classified as 
severe hyperoxemia have been exposed to high oxygen 
levels more than just briefly. Third, our registries only 
contain one registered  PaO2 per patient and therefore 
we were unable to analyse the effect of hyperoxemia over 
time. Fourth, since it is an observational study one can 
only draw conclusions about association and not causal-
ity. Although we tried to adjust for known confounders 
there is always a risk of residual unmeasured confound-
ing. Since we have studied the association between a 
blood value  (PaO2) and outcome, and not a treatment 
strategy per se, one should be careful when drawing 
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conclusions. Fifth, long-term neurological function is an 
important outcome after cardiac arrest that we were not 
able to measure in this study.

Conclusion
In this nationwide observational study comprising both 
in- and out-of-hospital cardiac arrest patients, hyper-
oxemia at ICU admission was + associated with lower 
30-day survival.
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