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Background: The clinical effect of hyperoxia in patients with non-traumatic out-of-hospital cardiac arrest (OHCA) remains
uncertain. We therefore initiated this study to find out whether there is an association between survival and
hyperoxia early after return of spontaneous circulation (ROSC) in OHCA patients admitted to our hospital.

Material/Methods: All OHCA patients admitted to our hospital between 1 January 2008 and 30 June 2015 were identified by anal-
ysis of our central admission register. Data from individual patients were collected from patient health records
and anonymously stored on a central database.

Results: Altogether, there were 280 OHCA patients admitted to our hospital between 1 January 2008 and 30 June 2015,
including 35 patients (12.5%) with hyperoxia and 99 patients (35.4%) with normoxia. Comparison of these 2
groups showed lower pH values in OHCA patients admitted with normoxia compared to those with hyperoxia
(7.1040.18 vs. 7.21+0.17; p=0.001) but similar rates of initial lactate (7.92+3.87 mmol/| vs. 11.14+16.40 mmol/|;
p=0.072).

Survival rates differed between both groups (34.4% vs. 54.3%; p=0.038) with better survival rates in OHCA pa-
tients with hyperoxia at hospital admission.

Conclusions: Currently, different criteria are used to define hyperoxia following OHCA, but if the negative effects of hyper-
oxia in OHCA patients are a cumulative effect over time, hyperoxia < 60 min after hospital admission as inves-
tigated in this study would be equivalent to a short period of hyperoxia. It may be that the positive effect of
buffering metabolic acidosis early after cardiac arrest maintains the negative effects of hyperoxia in general.
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Background

The current guidelines of the European Council of Resuscitation
(ERC) emphasize the use of 100% oxygen during out-of-hos-
pital cardiac arrest, but to titrate the inspired oxygen con-
centration after return of spontaneous circulation (ROSC) to
maintain the arterial blood oxygen saturation in the range of
94-98% [1]. This recommendation aims to avoid hypoxia as
well as hyperoxia during the early post-cardiac arrest phase,
as several animal studies have indicated that hyperoxia early
after ROSC might cause oxidative stress and harm post-isch-
emic neurons [2]. However, all human data have been derived
from intensive care unit registries, with conflicting results on
the potential impact of hyperoxia after resuscitation from car-
diac arrest [3]. As such, the clinical impact of hyperoxia for
non-traumatic out-of-hospital cardiac arrest (OHCA) patients
remains uncertain and further studies in other patient collec-
tives have been recommended [4,5]. We therefore initiated this
study to determine whether there is an association between
survival and hyperoxia early after ROSC in OHCA patients ad-
mitted to our hospital.

Material and Methods

Patient data collection

We identified all victims of non-traumatic out-of-hospital cardi-
ac arrest who were admitted to our hospital between 1 January
2008 and 30 June 2015 by analysis of our central admission
registry. Patient data were collected from the health records
and anonymously stored on a central database. The study ad-
hered to all criteria of the WMA Declaration of Helsinki - Ethical
Principles for Medical Research Involving Human Subjects [6].

Statistical analysis

Statistical analysis was done using SPSS 23.0 (IBM, Armonk,
NY, USA) and we expressed continuous variables as the mean
+ standard deviation and comparisons of categorical variables
among groups were conducted using the chi-square test or
Student’s t-test. P-values <0.05 were defined as statistical-
ly significant.

Results

Patient population

Altogether, there were 280 OHCA patients admitted to our
hospital between 1 January 2008 and 30 June 2015. Of these,
we excluded 21 patients (7.5%) who regained consciousness
before hospital admission and breathed spontaneously, 61
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280 victims
of OHCA
21 patients
conscious at addmission
259 patients
61 patients admitted under
continued resuscitation effort
198 patients
40 patients without arterial
blood gas analysis <60 minutes
after hospital admission
158 patients
24 patients with hypoxemia
134 patients

Figure 1. Of a total of 280 OHCA patients admitted to our
hospital during the study period, 134 patients were
included in this study.

patients (21.8%) who were admitted under continued resus-
citation efforts, 40 patients (14.3%) who had no documented
arterial blood gas analysis during the first 60 min after hos-
pital admission, and a further 24 patients (8.6%) with hypox-
ia (Figure 1).

Differences between OHCA patients with normoxia or
hyperoxia at hospital admission

During the first 60 min after hospital admission, 99 patients
presented with normoxia and 35 patients with hyperoxia. There
were no differences between the groups with regard to sex ra-
tio (61.6% male vs. 60.0% male; p=0.866), age (68.47+13.87
years vs. 69.8+14.05 years; p=0.629), rate of witnessed arrest
(67.7% vs. 77.1%; p=0.479, bystander resuscitation (46.5%
vs. 51.4%; p=0.195), or initial shockable rhythm (34.3% vs.
48.6%, p=0.159). Furthermore, patients with normoxia or hy-
peroxia showed comparable rates of endotracheal tube use
(68.7% vs. 85.7%; p=0.051), the number of required defibril-
lations (1.95+3.32 shocks vs. 2.30+3.17 shocks; p=0.603),
and the dose of epinephrine (2.39+2.77 mg vs. 1.89+2.22 mg;
p=0.334). Upon hospital admission, measurements of sys-
tolic blood pressure (120.19+37.75 mmHg vs. 121.69+39.52
mmHg; p=0.843), heart rate (91.86+25.17 beats per min vs.
88.89+25.29 beats per min; p=0.551) auricular body temper-
ature (35.39+1.34°C vs. 35.29+1.16°C; p=0.708), and APACHE
Il scores (37.00+4.27 vs. 35.30+4.41) [7] yielded comparable
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Table 1. Comparison of victims from OCHA admitted with normoxia or hyperoxia in the first blood gas analysis after hospital

admission.

Normoxia (n=99) Hyperoxia (n=35) p
Male gender 61 (61.6%) 21 (60.0%) 0.866
CAge(years  egarsizer 698:1405 0629
Witnessedarrest e 7% 27 @71% 0479
CBystandercPR a6 @65%) 18 (514%) 0195
nitial shockable thythm 34 (43w 17 (ase%) 0159
Endotrachealtube 68 (687%) 0 @7% 0051
 Number of defibrillator shocks 1951332 2304317 0603
Preclinical dose of epinephrine (mg) 2391277 189222 0338
 systolic blood pressure at admission (mmHg) 120193775 1216913952 0843
Heart rate at admission (/minute)  9186#2517 888942529 0ss1
 Awicular body temperature at admission Q) 35394134 35294116 0708
CAPACHENscore [ 37.001427  3530:441 0056
CstemE 18 (182%) 8 (29%) 0630
Coronary angiography 55 (556%) 19 (543%) 0366
 Percutaneous coronary intervention (PC) 2 G23% 3 G
CRVAC 14 (141% 6 (7.1%)
RO s s 1 Q9w 0431
CRA 9 e 3 @&%)
| Multivesselintervention 4 @ow 3 (6%
Targeted temperature management (TM) 58 (586%) 19 (543%) o614
FirstarterialpHvalee 710018 7211017 0001
Firstarterial lactate (mmol/) 794387 111451640 0072
suvival until hospital discharge 34 (as%) 19 (543%) 0038

1. CPR — cardiopulmonary resuscitation; 2. STEMI — ST elevation myocardial infarction; 3. RIVA — Ramus interventricularis anterior;

4. RCX — Ramus circumflexus; 5. RCA — right coronary artery; * APACHE Il scores were calculated in 88 patients with normoxia and 33
patients with hyperoxia; in 13 patients the APACHE scores could not be calculated due to missing body temperature measurement at
hospital admission.

results. There were no differences in the percentage of OHCA lactate (7.92+3.87 mmol/l vs. 11.14+16.40 mmol/l; p=0.072).
patients who presented with ST elevation myocardial infarction Survival rates differed between the groups (34.4% vs. 54.3%;
(STEMI) (18.2% vs. 22.9%; p=0.630), patients who were treat- p=0.038), with better survival rates in OHCA patients with hy-
ed with coronary angiography (55.6% vs. 54.3%; p=0.366), or ~ peroxia at hospital admission (Table 1).

who received percutaneous coronary intervention (PCl) (32.3%

vs. 37.1%; p=0.431). Also, targeted temperature management

(TTM) was used at similar rates (58.6% vs. 54.3%; p=0.614). Discussion

There were lower pH values in OHCA patients admitted with We performed this study to determine the clinical effect of hy-
normoxia compared with those with hyperoxia (7.10+0.18 vs. peroxia in OHCA patients. In light of the ongoing discussion
7.21+0.17; p=0.001), but there were similar rates of initial about the prognostic value of early hyperoxia following OHCA,
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we wanted to investigate in another patient population wheth-
er there is an association between survival and hyperoxia in
OHCA patients admitted to our hospital.

Previous studies mostly reported the negative effect of hyper-
oxia on survival in patients following stroke, traumatic brain in-
jury, and (partly) in those resuscitated from cardiac arrest [3,8].
We were surprised to find even better survival rates in OHCA
patients admitted with hyperoxia when compared with nor-
moxia in our patient collective. In an attempt to explain this
observation, we have to refer to the fact that different crite-
ria have been used in different studies to define hyperoxia in
terms of the Pa0, value, the time of assessment, and predeter-
mined cutoffs; this lack of consistency has also been criticized
by Damiani et al. [8]. Even though most authors define hyper-
oxia as Pa0, 2300 mmHg [9-12], the optimal time of assess-
ment has not been defined. Kilgannon et al., for example, re-
ported that arterial hyperoxia is independently associated with
increased in-hospital mortality compared with either hypoxia
or normoxia [9]. Like us, they used PaO, values based on the
first arterial blood gas analysis in a collective of non-traumat-
ic out-of-hospital cardiac arrest patients older than 17 years.
However, they included all non-traumatic OHCA patients with
arterial blood gas analysis performed within 24 h after arriv-
al [9], whereas we only included those patients with arteri-
al blood gas analysis within 60 min after hospital admission.
Elmer et al. suggested a shorter time interval and excluded
patients if no arterial blood gas was available within 4 h af-
ter ROSC [13]. However, their patient collective combined out-
of-hospital cardiac arrest patients and in-hospital cardiac ar-
rest patients, and they excluded patients who died within 24
h after return of spontaneous circulation, which, in our opin-
ion, may be misleading, because OHCA patients who die after
hospital admission do not survive the first 2 days [14]. In any
case, Elmer et al. presented 2 important observations. First,
they described a cumulative effect of hyperoxia over time with
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each hour of exposure to severe hyperoxia (Pa0, >300 mmHg)
associated with an OR of 0.84 (95%Cl 0.72-0.98) for surviv-
al to discharge. Second, they showed an association between
moderate or probable hyperoxia (Pa0, 101-299 mmHg) and
improved organ function at 24 h [13].

Understanding the negative effects of hyperoxia in victims of
OHCA as a cumulative effect over time would help to explain
our findings. Hyperoxia <60 min after hospital admission, as
investigated in this study, would be equivalent to a short pe-
riod of hyperoxia consisting of the sum of minutes needed to
transport a patient after ROSC to the hospital in an urban re-
gion and the time interval between hospital admission and
blood gas analysis. Therefore, it may be that the positive ef-
fect of buffering metabolic acidosis early after cardiac arrest
maintains the negative effects of hyperoxia in general [15].

Therefore, and with regard to previously published data that
describe the impossibility of titrating oxygen in the pre-hospi-
tal period following OHCA without inducing phases of too low
oxygen saturation in a high percentage of patients [16], we
conclude that hyperoxia during the first minutes after ROSC
might be acceptable. Nevertheless, the exact period of time
in which hyperoxia might be tolerable remains unclear. We
also call attention to the limitation that this was a retrospec-
tive, single-center trial.

Conclusions

A general recommendation to avoid hyperoxia following OHCA
might be too imprecise, as it does not fully consider the dif-
ferent stages of post-cardiac arrest treatment. We highly rec-
ommend further studies to test whether post-arrest oxygen
exposure has to be targeted according to different time inter-
vals after cardiac arrest or to specific patient subpopulations.
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