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Introduction

Despite major progress in the management of cardiac arrest (CA), the survival rate at hospital discharge after in-hospital CA (IHCA) and out of hospital CA (OHCA) still remains at 8.2 to 22% (1-4). The 2015 international guidelines, defined by the International Liaison Committee on Resuscitation, stated that extra-corporeal cardiopulmonary resuscitation (eCPR) may improve the outcome after CA [START_REF] Olasveengen | International Consensus on Cardiopulmonary Resuscitation and Emergency Cardiovascular Care Science With Treatment Recommendations Summary[END_REF]. The American Heart Association (AHA) proposed that eCPR should be considered for patients when the no-flow duration is short and when the CA results from a potentially reversible cause (e.g. hypothermia or drug intoxication) and may lead to heart transplantation or revascularization [START_REF] Cave | Part 7: CPR techniques and devices: 2010 American Heart Association Guidelines for Cardiopulmonary Resuscitation and Emergency Cardiovascular Care[END_REF].

Recent studies highlighted that the early application of eCPR may improve the prognosis of IHCA [START_REF] Cardarelli | Use of extracorporeal membrane oxygenation for adults in cardiac arrest (E-CPR): a meta-analysis of observational studies[END_REF] and OHCA [START_REF] Morimura | Extracorporeal cardiopulmonary resuscitation for out-of-hospital cardiac arrest: A review of the Japanese literature[END_REF].

ECPR is an aggressive and invasive method indicated in refractory CA to restore tissue perfusion [START_REF] Cave | Part 7: CPR techniques and devices: 2010 American Heart Association Guidelines for Cardiopulmonary Resuscitation and Emergency Cardiovascular Care[END_REF]. While adequate delivery of oxygen to tissue is crucial, hyperoxia may have disastrous consequences [START_REF] Balan | Oximetryguided reoxygenation improves neurological outcome after experimental cardiac arrest[END_REF][START_REF] Diringer | Hyperoxia: good or bad for the injured brain?[END_REF][START_REF] Kilgannon | Association between arterial hyperoxia following resuscitation from cardiac arrest and in-hospital mortality[END_REF]. Oxygen administration during invasive ventilation often exposes the patient to hyperoxia due to suboptimal practices [START_REF] Suzuki | Current oxygen management in mechanically ventilated patients: a prospective observational cohort study[END_REF]. Deleterious effects of hyperoxia on survival were reported in animal and in human studies, especially in CA, traumatic brain injury and sepsis [START_REF] Balan | Oximetryguided reoxygenation improves neurological outcome after experimental cardiac arrest[END_REF][START_REF] Diringer | Hyperoxia: good or bad for the injured brain?[END_REF][START_REF] Suzuki | Current oxygen management in mechanically ventilated patients: a prospective observational cohort study[END_REF][START_REF] Vincent | Harmful Effects of Hyperoxia in Postcardiac Arrest, Sepsis, Traumatic Brain Injury, or Stroke: The Importance of Individualized Oxygen Therapy in Critically Ill Patients[END_REF]. Interestingly, during advanced life support (ALS), an "ischemia reperfusion syndrome" occurs, with similar pathophysiology of sepsis (14-19). In septic patients, the interaction between mortality and oxygen arterial partial pressure (PaO2) followed a quadratic form, where both low and high levels of PaO2 were associated with increased mortality [START_REF] Argaud | Effect of Cyclosporine in Nonshockable Out-of-Hospital Cardiac Arrest: The CYRUS Randomized Clinical Trial[END_REF]. During reperfusion, controlled oxygen delivery to ischemic tissue appeared to be crucial to prevent the "oxygen paradox" during the "ischemia reperfusion syndrome". Studies establishing an association between severe hyperoxia and poor outcome after cardiac arrest have been performed [START_REF] Angelos | Post-cardiac arrest hyperoxia and mitochondrial function[END_REF][START_REF] Nolan | Resuscitation great. Peter Baskett--40 years as a resuscitation leader and mentor[END_REF], nevertheless the association between high oxygen levels and outcome in the subgroup of CA treated with eCPR is, to date, not known.

The present study aimed to determine whether an association exists between a high PaO2 value, e.g. hyperoxemia, measured 30 minutes after the initiation of eCPR, and mortality at day 28 (D28) in refractory OHCA patients.

Methods and patients

In France, out-of-hospital emergencies are managed by the Service d'Aide Médicale d'Urgence (SAMU 15). The SAMU hospital-based team, composed of switchboard operators and physicians, is reached calling the national number 15. Over the phone, the SAMU determines the appropriate level of care to dispatch to the scene based on the patient's medical history and symptoms. For life-threatening emergencies, as OHCA, the "Service Mobile d'Urgence et de Réanimation" (SMUR), a mobile intensive care unit (MICU), is dispatched to the scene [START_REF] Adnet | International EMS systems: France[END_REF].

All consecutive patients admitted to the intensive care unit (ICU) of Necker Hospital after OHCA from 2011 to 2017 having received eCPR either in the prehospital setting or at ICU admission were included in the study and retrospectively analysed. Arterial blood samples were performed 30 minutes after the initiation of eCPR. Blood samples were immediately analyzed on a standard arterial blood gas analyzer (ABL 800 FLEX Radiometer © ), calibrated and quality-checked on a daily basis according to the manufacturer's instructions.

Therapeutic management of patients

All patients were managed by the same team of physicians. Clinical protocols for the management of CA remained similar over the study period. Hemodynamic support was achieved by eCPR (eCPR -ECLS CardiohelpMaquet © -rate of 3 L/min and 3700 rev/min), the initial settings were a FiO2 of 100% and a sweep flow of 3L/min. The latter settings were, thereafter, adjusted on the results of arterial blood gas analysis in order to reach normoxia and normocapnia.

ECPR was set by two ICU physicians, either in the prehospital setting (out) or at ICU admission. A cutdown technique in the lower Scarpa area, to visualize the femoral vessels prior to cannulation. Resuscitation during eCPR implementation was performed by mechanical CPR using one medical device: LUCAS © (Physiocontrol © , Redmond) or Autopulse © (Zoll © , Chelmsford). In the same time, sedation was infused, and mild therapeutic hypothermia, e.g. to reach a body core temperature between 32 and 34°C, induced by cooled saline serum infusion. Ventilatory settings were a tidal volume of 400 mL, a ventilatory rate of 8/min, a PEEP of +5cmH20 and an inspired fraction of oxygen of 50%.

Fluid expansion and vasoactive agents, dobutamine 5µg/kg/min and norepinephrine, were used to obtain a mean blood pressure (MBP) between 50 and 60mmHg. Renal support was performed by continuous veno-venous hemodiafiltration as soon as possible in the ICU. The other therapeutics were left to the physician's discretion.

Data collection

Data were collected by a single investigator and extracted from medicals reports. Variables of interest were defined prior to data collection and included patients' demographic characteristics (age, weight, size, and gender), the origin of CA, the duration of no-flow (time between the onset of CA and the beginning of CPR) and low-flow (time between the beginning of CPR and the initiation of eCPR), and the length of stay in the ICU. The IGS II (index gravity score) [START_REF] Gall | A new Simplified Acute Physiology Score (SAPS II) based on a European/North American multicenter study[END_REF] was established for each patient 24 hours after ICU admission.

Prognosis was assessed at day 28 (D28), according to the Cerebral Performance Category (CPC) scale ( 24) ranging from 1 to 5: 1 representing good cerebral performance or minor disability, 2 moderate disability, 3 severe disability, 4 coma or vegetative state, and 5 death.

Statistical analysis

The primary outcome was mortality at D28.

Results are expressed as mean with standard deviation for continuous parameters and as absolute value and percentage for categorical parameters.

A univariate analysis was performed to evaluate the relationship between mortality at D28 and all the other covariables.

The continuous variable PaO2 was divided into 3 groups based on PaO2 value measured from arterial blood gas analysis at the initiation of eCPR. Hyperoxemia was defined as a PaO2≥300 mmHg, hypoxemia as a PaO2≤60 mmHg and normoxemia, as 60< PaO2<300 mmHg according to Kilgannon et al. [START_REF] Kilgannon | Association between arterial hyperoxia following resuscitation from cardiac arrest and in-hospital mortality[END_REF]. The analyses were performed to assess the relationship between hyperoxemia and mortality at D 28.

Results are given as Odds Ratio (OR) with 95% confidence interval [CI95].

In order to reduce the effect of confounders, a propensity score analysis was performed using "nearest-neighbour" method for the matching prior to analysis. Potential cofounders included in the propensity score were witnessed arrest, bystander's CPR, location, no-flow, low-flow, lactate, creatinine, pH, age, and PaCO2. Standardized mean deviation was used to assess for imbalance matching. The formula used to determine the standardized mean deviation (SMD) was the following: where x denotes the mean or proportion for binary variables and classes of categorical variables and s corresponds to the variance. After matching, the association between mortality at D28 and hyperoxemia was evaluated by using OR (CI95).

All p values were two-tailed and p<0.05 was considered significant.

All analyses were performed using R 3.4.2 (http://www.R-project.org; the R Foundation for Statistical Computing, Vienna, Austria).

Results

Sixty-six OHCA patients treated by eCPR and admitted to the ICU were consecutively included between 2011 and 2017 (Figure 1).

Figure 1.

Table 1 shows the populations' demographic and clinical characteristics. Patients were 77% (51) male, with a mean age of 51±14years. The mean IGS II was 85±13. The mean length of stay in the ICU reached 13±18 days (Table 1).

Overall mortality at D28 reached 61% (40 patients). Among deceased patients, 35 (88%) patients died from multiple organ failure during the first 48 hours and 5 (12%) patients after a limitation of care in the context of poor neurological outcome with a CPC score of 3 and 4.

CA occurred in the presence of witnesses for all patients. Immediate CPR was provided by bystanders in all CA events. No significant difference was observed in the duration of no-flow (3.0±2.9 min vs 3.5±3.0 min, p = 0.5) and low-flow (88.2±21.6 min vs 97.3±32.4 min, p = 0.21) between alive and deceased patients (Table 1).

Mean PaO2, 30 minutes after the initiation of eCPR, was 227±124 mmHg in the overall population, 156±96 mmHg in alive patients and 274±119 mmHg in deceased patients

(Table 1). Forty-one (62%) patients had a hyperoxemia (PaO2 ≥300 mmHg), no patient had a hypoxemia (PaO2≤60 mmHg) and 25 patients (38%) had a normoxemia (PaO2 between 60 and 300 mmHg).

Table 1

Aetiologies of OHCA are presented in Table 2 and were mainly from cardiac (67%) and toxic (8%) causes.

Table 2

A significant association with mortality and unadjusted variables was found for PaO2, as a continuous variable, at the initiation of eCPR (OR = 1.01 [1.01-1.02]), for potassium (OR = 2.41 [1.37-5.06]) and for creatinine (OR = 1.03 [1.01-1.05]) (Table 3).

Table 3

Standardized mean deviations between the groups are presented in figure 2. Conversely, for a 60<PaO2<300 mmHg the OR for mortality at D28 at was 0.25 [0.06-0.79]. For hyperoxemia, the corresponding sensitivity was of 78%, the specificity of 62%, the positive predictive value of 76% and the negative predictive value of 64% (Table 5).

Table 5

After adjusting for confounding factors using a propensity score, the OR for mortality at day 28 was 1.89 (CI95 [1.74-2.07]) for hyperoxemia.

Discussion

This study showed an association between the PaO2 measured at the initiation of eCPR in OHCA patients and mortality at D28. In addition, PaO2 at the initiation of eCPR in refractory OHCA patients had a good predictive ability to discriminate between alive and deceased patients at day 28. Using a threshold at 300 mmHg for the PaO2 to distinguish between hyperoxemia and normoxemia, a significant association was found between PaO2 and mortality at D28. This work suggests that hyperoxemia at the initiation of eCPR might be deleterious for patients with refractory CA.

In refractory OHCA, eCPR is considered as an effective rescue therapy to restore a circulation [START_REF] Megarbane | Emergency feasibility in medical intensive care unit of extracorporeal life support for refractory cardiac arrest[END_REF]. Patients eligible for eCPR are highly selected. ECPR does not prevent post-resuscitation disease [START_REF] Hazelton | Hyperoxic reperfusion after global cerebral ischemia promotes inflammation and longterm hippocampal neuronal death[END_REF] potentially leading to multi organ failure and death. The frequency and intensity of post-resuscitation disease largely depend on the onset of an efficient therapy, on the effectiveness of resuscitation measures, and on the delay to restore an adequate hemodynamic. The physiopathology of CA is characterized by a "ischemia-reperfusion" phenomenon well described in experimental models [START_REF] Liu | Normoxic ventilation after cardiac arrest reduces oxidation of brain lipids and improves neurological outcome[END_REF]. Briefly, during the "no-flow" phase, cells and tissue damage appear in result to hypoxia. In the 'low-flow' phase, which occurs spontaneously or during resuscitation measures, as cardiopulmonary resuscitation or eCPR, oxygen progressively reaches ischemic tissue. To avoid hypoxemia, the inspired oxygen fraction of gas (FiO2) is usually increased targeting an arterial oxygen saturation above 92% [START_REF] Nolan | Part 1: Executive summary: 2010 International Consensus on Cardiopulmonary Resuscitation and Emergency Cardiovascular Care Science With Treatment Recommendations[END_REF]. Tissue exposure to hyperoxia secondary to iatrogenic hyperoxemia, defined as a PaO2 ≥300mmHg, was reported to be an independent predictor of in-hospital death [START_REF] Kilgannon | Association between arterial hyperoxia following resuscitation from cardiac arrest and in-hospital mortality[END_REF]. These observations all suggest that oxygen control seems essential during reperfusion after CA. Hyperoxemia might cause damage through reactive oxygen species (ROS) formation [START_REF] Helmerhorst | Association Between Arterial Hyperoxia and Outcome in Subsets of Critical Illness: A Systematic Review, Meta-Analysis, and Meta-Regression of Cohort Studies[END_REF].

Actually, high production of ROS occurs in cardiac fibroblasts after exposure to hyperoxemia.

Thereafter, the generated ROS are released by mitochondria, alter the protein membrane transport and induce membrane lipid peroxidation causing damage to the endothelium [START_REF] Liu | Normoxic ventilation after cardiac arrest reduces oxidation of brain lipids and improves neurological outcome[END_REF][START_REF] Adrie | Postresuscitation disease after cardiac arrest: a sepsis-like syndrome?[END_REF].

The goal to perform an early oxygen therapy is to achieve adequate delivery of oxygen to the tissue to correct and treat hypoxia without inducing toxicity. Optimal control of re oxygenation was reported to prevent from post-resuscitation disease, multi organ failure and death. A significant association between hyperoxia and poor outcomes, such as neurological failure and mortality, was observed in patients with cardiac arrest [START_REF] Balan | Oximetryguided reoxygenation improves neurological outcome after experimental cardiac arrest[END_REF][START_REF] Diringer | Hyperoxia: good or bad for the injured brain?[END_REF][START_REF] Kilgannon | Association between arterial hyperoxia following resuscitation from cardiac arrest and in-hospital mortality[END_REF]. Elmer and colleagues reported that severe hyperoxemia, defined at PaO2 > 300 mmHg, in patients with cardiac arrest was associated with an increased mortality rate [START_REF] Elmer | The association between hyperoxia and patient outcomes after cardiac arrest: analysis of a high-resolution database[END_REF]. A recent study showed that moderate hyperoxia was associated with an increase in mortality rate after veno-venous ECMO for respiratory failure and eCPR, but not veno-arterial ECMO or cardiogenic shock [START_REF] Munshi | Oxygen Thresholds and Mortality During Extracorporeal Life Support in Adult Patients[END_REF]. Data on the impact of hyperoxemia exposure in adult remains controversial, probably because a lack of consensus for the threshold of PaO2 defining hyperoxemia [START_REF] Humaloja | Early hyperoxemia is not associated with cardiac arrest outcome[END_REF]. Beyond the threshold defining hyperoxemia, a linear and positive relationship was described between the time spent in hyperoxemia and mortality in the ICU [START_REF] Helmerhorst | Hyperoxia provokes a time-and dose-dependent inflammatory response in mechanically ventilated mice, irrespective of tidal volumes[END_REF]. Girardis et al. [START_REF] Girardis | Effect of Conservative vs Conventional Oxygen Therapy on Mortality Among Patients in an Intensive Care Unit: The Oxygen-ICU Randomized Clinical Trial[END_REF] reported a reduction of ICU mortality in patients hospitalized for at least 72 hours when a protocol for oxygen therapy was applied, emphasizing the importance of optimum oxygen therapy.

However, adequate oxygen therapy is not yet part of our clinical practice, despite recent discoveries that oxygen may also do more harm than good. The lack of guidelines relative to the association between hyperoxemia and mortality results from the difficulty to compare studies that use different thresholds of PaO2 to define hyperoxemia, include heterogenous population, and use different time exposure to hyperoxemia [START_REF] Helmerhorst | Association Between Arterial Hyperoxia and Outcome in Subsets of Critical Illness: A Systematic Review, Meta-Analysis, and Meta-Regression of Cohort Studies[END_REF].

A number of limitations should be mentioned. First, this study is a single-center study including a small number of patients. Second, sorting bias might exist as data were retrospectively collected from hospital files. Third, blood gas analyses were performed 30 minutes after starting eCPR, reflecting values from eCPR and ventilator. Thus, we cannot rule out that PaO2 value reflects high-oxygenation or low oxygen-consumption.

At least, mortality is the ICU may be influenced by several variables and the exact link between hyperoxemia and mortality requires large, randomized and controlled trials.

PaO2 is a simple and easy to get parameter. Unfortunately, blood gas sampling is not feasible in every pre-hospital environment despite the increasing availability of point of care devices.

Actually, immediate response mobile analysis system, such as handheld blood gas analyzer, can be used to help for optimal management of the PaO2. An alternative to guide oxygen delivery is pulse oximetry [START_REF] Nolan | Resuscitation great. Peter Baskett--40 years as a resuscitation leader and mentor[END_REF]. An automated FiO2 controller based on continuous SpO2 measurement was recently tested to maintain the SpO2 within a predefined target range, efficient in 90% of the cases [START_REF] Saihi | Feasibility and reliability of an automated controller of inspired oxygen concentration during mechanical ventilation[END_REF], but requires the return of spontaneous circulation. An unresolved topic concerns whether supra-normal oxygen levels are also associated with cell damage, and how strict arterial oxygen concentration should be to be considered optimal.

Interestingly, moderate hyperoxia has recently been reported to be beneficial [START_REF] Zhang | Quadratic function between arterial partial oxygen pressure and mortality risk in sepsis patients: an interaction with simplified acute physiology score[END_REF].

In conclusion, our data suggest that the control of oxygenation after the initiation of eCPR in refractory OHCA is crucial. Despite the lack of power, this work emphasizes the need to reinforce the optimal management of refractory OHCA requiring eCPR. Further studies are needed to define an accurate PaO2 target for optimal oxygen therapy in this context, using a large multicentric prospective study to consolidate these findings.
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 2 Figure 2: Standard mean deviation between cases (PaO2>300mmHg) and controls

Table 1 . Demographic, clinical and biological characteristics of patients.

 1 Quantitative variables are expressed as mean ± standard deviation. Qualitative variables are expressed as absolute value and percentage.

		Alive patients at	Deceased	
				Overall patients
		D28	patients at D28	
				(n=66)
		(n=26)	(n=40)	
	Age (years)	49±15	52±14	51±14
	Weight (kg)	87±26	89±22	89±23
	Size (cm)	173±20	176±9	175±14
	Male	20 (77%)	31 (78%)	51 (77%)
	No-Flow (min)	3.0±2.9	3.5±3.0	3.3±3.0
	Low-Flow (min)	88.2±21.6	97.3±32.4	93.7±28.8
	Witnessed arrest	26/26	40/40	66/66
	Bystander's CPR	26/26	40/40	66/66
	IGS II	81±12	87±12	85±12
	eCPR in/out	17/9	23/17	40/26
	ICU length of stay (days)	28±21	4±6	13±18
	pH	7.24±0.18	7.18±0.21	7.20±0.20
	PaO2 (mmHg)	156±96	274±119	227±124
	PaCO2 (mmHg)	39±9	37±17	38±14
	HCO3-(mmol/l)	17.0±6.6	14.8±8.9	15.7±8.1
	Base excess (mmol/l)	-9.2±-8.2	-12.2±-9.7	-11.0±-9.2
	SaO2 (%)	89.3±19.8	95.9±3.3	93.2±13.1

phosphokinase, WBC = white blood cells, PT = prothrombin, ACT = activated clotting time, NA = not applicable.

Table 2 . Etiologies of refractory OHCA for patients requiring eCPR.

 2 Data are expressed as absolute value with the percentage.

	Etiology

Table 3 . Univariate analysis of variables for mortality at D28. Data are presented as p value and Odds Ratio (OR) with a 95% confidence interval (95 CI).

 3 

	Univariate analysis

Legend: IGS II=index gravity score II, ICU=intensive care unit, SGPT=Serum Glutamopyruvate Transferase, SGOT=Serum GlutamoOxaloacetate Transferase, GGT= gamma-glutamyltranspeptidase, CP=creatine phosphokinase, WBC=white blood cells, APTT=activated partial thromboplastin time, NA=not applicable.

Table 4 . Demographic characteristics of patients after matching

 4 Quantitative variables are expressed as mean ± standard deviation. Qualitative variables are expressed as absolute value and percentage.

		Alive patients	Deceased	
				Overall patients
		at D28	patients at D28	
				(n=39)
		(n=27)	(n=12)	
	Age (years)	44±16	52±14	49±15
	No-Flow (min)	3.6±3.4	3.5±3.5	3.5±3.5
	Low-Flow (min)	98.6±23.8	104.5±29.9	102.7±28.1
	Witnessed arrest	27/27	12/12	39/39
	Bystander's CPR	27/27	12/12	39/39
	eCPR in/out	16/27	6/12	22/39
	pH	7.22±0.17	7.18±0.24	7.19±0.22
	PaCO2 (mmHg)	39±9	36±19	37±16

Lactate (mmol/l) 11.8±6.4 16.7±5.7 15.1±6.2 Creatinine (micromol/l) 101±41 137±47 126±48 PaO2>300mmHg 17/27 4/12 21/39 Legend: eCPR

  in/out = extracorporeal cardiopulmonary resuscitation in hospital / out of hospital

Table 5 . Contingency table for PaO2 according to the outcome at D28.

 5 Data are expressed as absolute value.

		Alive patients at	Deceased patients	
				Overall patients
		D28	at D28	
				(n=66)
		(n=26)	(n=40)	
	Hyperoxemia	10	31	41
	Normoxemia	16	9	25

alive at day 28 (40%)