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Veno arterial extracorporeal membrane oxygenation (VA ECMO) is increasingly used to provide temporary mechanical circulatory support during shock state [START_REF] Thiagarajan | Extracorporeal Life Support Organization Registry International Report 2016[END_REF]. The main indications remain cardiogenic shock, refractory cardiac arrest, and post-cardiotomy cardiac failure [START_REF] Ariyaratnam | Extra-corporeal membrane oxygenation for the post-cardiotomy patient[END_REF][START_REF] Dangers | Extracorporeal membrane oxygenation for acute decompensated heart failure[END_REF][START_REF] Ellouze | Comparable Outcome of Out-of-Hospital Cardiac Arrest and In-Hospital Cardiac Arrest Treated With Extracorporeal Life Support[END_REF]. Bleeding is a frequent complication in veno arterial and veno venous extracorporeal membrane oxygenation and is estimated to occur in 30 to 60% of patients, leading to increased transfusion and mortality [START_REF] Zangrillo | A meta-analysis of complications and mortality of extracorporeal membrane oxygenation[END_REF][START_REF] Aubron | Factors associated with outcomes of patients on extracorporeal membrane oxygenation support: a 5-year cohort study[END_REF][START_REF] Aubron | Predictive factors of bleeding events in adults undergoing extracorporeal membrane oxygenation[END_REF][START_REF] Ried | Thoracic Bleeding Complications in Patients With Venovenous Extracorporeal Membrane Oxygenation[END_REF].

Moreover, bleeding is the first cause of the premature withdrawal of VA ECMO support [START_REF] Lamb | Successful management of bleeding complications in patients supported with extracorporeal membrane oxygenation with primary respiratory failure[END_REF]. Bleeding during VA ECMO support may be due to several factors: activation of inflammation, coagulation and fibrinolysis cascades; adequate anticoagulation required to prevent circuit thrombosis, platelet dysfunction, acquired von Willebrand syndrome, and finally, hemodilution of coagulation factors and blood components during circuit priming [START_REF] Millar | The inflammatory response to extracorporeal membrane oxygenation (ECMO): a review of the pathophysiology[END_REF][START_REF] Raiten | Anticoagulation and transfusion therapy in patients requiring extracorporeal membrane oxygenation[END_REF][START_REF] Heilmann | Acquired von Willebrand syndrome in patients with extracorporeal life support (ECLS)[END_REF][START_REF] Murphy | Extracorporeal membrane oxygenationhemostatic complications[END_REF]. Evaluating and correcting potential hemorrhage risk factors during VA ECMO may improve care and decrease mortality. Our study's objective was to assess risk factors for early major bleeding after VA ECMO initiation in order to optimize treatment and, secondarily, reduce the incidence of hemorrhage during VA ECMO.

PATIENTS AND METHODS

Study design

We conducted a retrospective, observational study on our institutional database of VA ECMO patients, which was collected prospectively in our Cardiac Intensive Care and Circulatory Support unit between April 2006 and December 2016 (ClinicalTrials.gov Identifier: NCT03888833). In compliance with the French law on personal data protection, we submitted our study to the National Commission for Data Protection and obtained authorization, registered under the number 2121189 v 0.

We compared 2 groups of patients: patients with (Group B) and without (Group O) early major bleeding events, in the first 48 hours after VA ECMO initiation. Major bleeding events were defined according to the Extracorporeal Life Support Organization (ELSO) as follows: loss of over 2g dl -1 of hemoglobin in 24 hours and/or bleeding rate over 20 ml kg -1 day -1 and/or or blood transfusion over 10 ml kg -1 day -1 . Retroperitoneal bleeding, pulmonary alveolar hemorrhage and central nervous system bleeding or any bleeding requiring surgical treatment were also considered to constitute a major bleeding event [START_REF]ELSO Anticoagulation Guideline[END_REF]. The decision for surgical intervention was made by the attending intensivist after surgical consultation. Only the first major bleeding event was recorded for each patient.

Thrombotic events while on VA ECMO support were defined as a medical diagnosis of ischemic cerebral infarction, peripheral arterial ischemia, pulmonary embolism, intracardiac or aortic thrombosis. Visual thrombosis of the oxygenator/circuits confirmed by a physician or any circuit replacement due to system dysfunction was also recorded as thrombotic events.

Patients and VA ECMO protocol

All patients over 18 years treated by peripheral VA ECMO were included. Peripheral VA ECMO insertion is standardized and described elsewhere [START_REF] Ellouze | Extubation of patients undergoing extracorporeal life support. A retrospective study[END_REF].

The VA ECMO circuit was primed with isotonic saline solution and 5000 UI of unfractionated heparin. In the absence of major bleeding or coagulopathy, a second dose of 50UI kg -1 of unfractionated heparin was administered to the patient in order to obtain an activated clotting time above 180 seconds. Then, all patients were continuously infused with unfractionated heparin 4h after VA ECMO initiation. The heparin dose was adjusted at least twice daily according to heparinemia, targeting an anti-Xa activity between 0.15-0.3 UI ml -1 . In case of heparin induced thrombocytopenia, argatroban was used for anticoagulation. When major bleeding occurred, coagulation anomalies were initially corrected and surgical treatment was initiated if deemed necessary. Packed red blood cells were transfused in order to maintain hemoglobin level between 8 and 10 g dl -1 . Fresh frozen plasma was administrated if prothrombin time was < 50%, platelets concentrate if platelet count < 50,000 mm - 3 and fibrinogen concentrate if fibrinogen plasma concentration was < 1.5 g l -1 . Cryoprecipitate was administrated in case of vitamin K antagonist use. Anticoagulation was not begun until coagulation anomalies were corrected and 12 hours passed without active bleeding. Heparin was stopped when significant bleeding occurred and restarted once bleeding was controlled. Membrane oxygenator and tubing were checked daily and were changed when fibrin deposition or thrombi were visually detected or if they induced deterioration of blood oxygenation, thrombocytemia (<20,000 mm -3 ), decrease in blood fibrinogen level (<1.5 g l -1 ) or intravascular hemolysis (free plasma hemoglobin >200 mg l -1 ) with no other cause of mechanical hemolysis.

Collected Data

At VA ECMO initiation, we collected the following data: patient characteristics, past medical history, Sequential Organ Failure Assessment (SOFA) score, Acute Physiology and Chronic Health Evaluation (Apache II) score, indication for VA ECMO support, cannula insertion site, central core temperature, long-term treatments by fibrinolytics, aspirin, vitamin K antagonist, heparin and previous or concurrent use of an intra-aortic balloon pump. We also recorded the following biological data: hemoglobin, hematocrit, white blood cells, platelets, fibrinogen, prothrombin time (PT), partial thromboplastin time (PTT), proteinemia, plasma electrolytes (sodium, potassium, calcium), serum creatinine, blood pH, and total bilirubin levels.

During the first 48h after VA ECMO initiation, we collected the following data: hemoglobin loss, blood product delivery (red blood cells, fresh frozen plasma and/or platelets), presence of bleeding in the surgical drains, around cannulas sites or any physician diagnosed gastro-intestinal, intracranial or ears-nose-throat bleeding event. The presence of medically diagnosed hemoptysis, hemothorax, and/or tamponade was also recorded. We also collected hospital length of stay, duration of VA ECMO support, and 30-day mortality data.

Statistical Analysis

The variables' distribution was assessed using a D'Agostino-Pearson test. Data are expressed as the number, proportion (in percent), mean ± standard deviation (SD), or the median [interquartile range (IQR)], as appropriate. The non-parametric Wilcoxon rank sum test, Student's paired t test, Student's t test, and the Mann-Whitney test were used to assess statistical significance, as appropriate.

Linear correlations were tested using Pearson's or Spearman's rank method.

We analyzed the associations between variables and major bleeding events (Group B) by using a univariate logistic model. Variables with a p-value of 0.10 were then included in a multivariate logistic model with a backward selection procedure. A receiver-operating characteristic (ROC) curve was established to evaluate the threshold value for fibrinogen,hemoglobin, pH and body mass index (BMI) to predict major hemorrhagic episodes. The threshold for statistical significance was set to p<0.05. R software (version 3.5.0) was used for all statistical analyses.

RESULTS

Population

During the study period, 278 patients were initially included. Due to missing data 243 patients were included in the final analysis. A major bleeding event occurred in 111 patients in the first 48h (46%). Group B patients had a lower BMI (p<0.001) and a lower body temperature (p=0.02).

Indications for VA ECMO support significantly differed between groups: post-cardiotomy heart failure occurred in 54% of Group B patients, versus 37% in Group O (p=0.01), and cardiogenic shock occurred in 10% of Group B patients, versus 23% in Group O (p=0.001). Group B also had significantly higher SOFA and APACHE II scores. The 30-day mortality was greater in Group B than in Group O (82% and 62% respectively, p<0.001) (Table 1).

Hemostasis Parameters at VA ECMO Initiation

Hemoglobin levels were lower in Group B (9.2 g dl -1 (IQR [7.9-10.7]) vs 10.6 g dl -1 (IQR [9.5-12.4]), p<0.001). Platelet counts were also significantly lower (124000 mm -3 (IQR [83000-177000]) vs 154341 mm -3 (IQR [107000-223000]), p=0.001), as were fibrinogen levels (1.9 (IQR [1.5-2.6]) vs 2.6 g dl -1 (IQR [1.9-3.9], p<0.001), prothrombin time (37% (IQR vs 46% (IQR ), p<0.001) and pH (7.25 (IQR [7.12-7.34]) vs 7.3 (IQR [7.22-7.37]), p=0.01) (Table 2).

Hemorrhagic and Thrombotic Complications

The transfusion volume in the first 48h was greater in Group B: 17.2 (IQR [12.1-24.3]) vs 4.4 ml kg -1 day -1 (IQR [START_REF] Ariyaratnam | Extra-corporeal membrane oxygenation for the post-cardiotomy patient[END_REF][START_REF] Dangers | Extracorporeal membrane oxygenation for acute decompensated heart failure[END_REF][START_REF] Ellouze | Comparable Outcome of Out-of-Hospital Cardiac Arrest and In-Hospital Cardiac Arrest Treated With Extracorporeal Life Support[END_REF][START_REF] Zangrillo | A meta-analysis of complications and mortality of extracorporeal membrane oxygenation[END_REF][START_REF] Aubron | Factors associated with outcomes of patients on extracorporeal membrane oxygenation support: a 5-year cohort study[END_REF][START_REF] Aubron | Predictive factors of bleeding events in adults undergoing extracorporeal membrane oxygenation[END_REF]), p<0.001. In Group B, 149 units of packed red blood cells were administered for 100 days of VA ECMO support, compared to 7 units of packed red blood cells for 100 days in Group O. For 100 days of VA ECMO support, we counted 7 major bleeding events. The bleeding events occurred mainly around surgical drains (55% of patients) and cannula insertion sites (50% of patients) (Figure 1). 86 patients (35,3%) required surgical reexploration or cannula revision for bleeding. Only one patient received recombinant activated factor VII due to intractable bleeding in the first 48h. Data on hemorrhagic and thrombotic complications are summarized in Table 3.

Multivariate Analysis

Independent risk factors for early major bleeding events included post-cardiotomy VA ECMO 4). Occurrence of early major bleeding events were independently associated with mortality (OR 2.54, CI95%: [1.38-4.66], p=0.01). When considering only non-post-surgical VA ECMO patients, independent risk factors for early major bleeding events were hemoglobin level (OR 0.7 [0.58-0.84], p<0.0001), fibrinogen level (OR 0.65 [0.47-0.90], p=0.011) and pH (OR 0.061 [0.006-0.623], p=0.018). The ROC curve for hemoglobin level as a predictive marker for early major bleeding events found an area under the curve of 0.69 [CI95%: 0.63-0.76], p=0.0001. The chosen threshold was 9g dl -1 , for a specificity of 81%. The ROC curve for fibrinogen level as a predictive marker for major bleeding events found an area under the curve of 0.67 [CI95%: 0.61-0.74], p=0.0001.

The chosen threshold was 2 g l -1 , for 56% sensibility and 80% specificity. The ROC curve for pH as a predictive marker for major bleeding events found an area under the curve of 0.60 ([CI95%: 0.53-0.66], p=0,0043). The chosen threshold was 7.12, for 26% sensibility and 86% specificity. The ROC curve for BMI found an area under the curve of 0.64 ([CI95%: 0.58-0.70], p<0,001), with a threshold of 25 for 77% sensibility and 46% specificity.

COMMENT

The main findings of the present study are (1) early major bleeding events occurred in 46% of patients treated with VA ECMO; (2) factors associated with early major events bleeding were postcardiotomy VA ECMO patients, lower BMI, low pH, hemoglobin and fibrinogen values; and (3) major bleeding events were associated with worse outcomes.

Our results on prevalence and type of bleeding are in line with those of the literature. With prevalence between 30 to 60%, hemorrhagic complications are among the major complications in patients supported by ECMO, which is associated with increased mortality [START_REF] Zangrillo | A meta-analysis of complications and mortality of extracorporeal membrane oxygenation[END_REF][START_REF] Cheng | Complications of extracorporeal membrane oxygenation for treatment of cardiogenic shock and cardiac arrest: a meta-analysis of 1,866 adult patients[END_REF]. A recent metaanalysis including 1,496 patients supported with VA ECMO demonstrated a prevalence of 27%.

However, the bleeding definition was different from that of the ELSO [START_REF] Sy | Anticoagulation practices and the prevalence of major bleeding, thromboembolic events, and mortality in venoarterial extracorporeal membrane oxygenation: A systematic review and meta-analysis[END_REF]. In the present study cohort, we found 46% of major hemorrhagic episodes independently associated with 30-day mortality rates. The most frequent bleeding sites were in relation to surgical incision after cardiotomy and ECMO cannulation sites. We did not report any occurrence of hemorrhagic stroke, most probably due to under-diagnosis as we did not perform systematic cerebral CT-scan. Hemorrhagic stroke may occur in 2.2 to 4.1% of cases as reported in several studies [START_REF] Aubron | Predictive factors of bleeding events in adults undergoing extracorporeal membrane oxygenation[END_REF][START_REF] Mazzeffi | Bleeding, transfusion, and mortality on extracorporeal life support: ECLS working group on thrombosis and hemostasis[END_REF][19].

Few studies have evaluated risk factors associated with bleeding during extracorporeal life support. The present study has focused on factors associated with hemorrhage at the time of initiation of exclusively VA ECMO support patients. A previous study reported increased PTT, high APACHE III scores, and a post-cardiotomy indication as risk factors [START_REF] Aubron | Predictive factors of bleeding events in adults undergoing extracorporeal membrane oxygenation[END_REF]. A retrospective analysis on 59 patients treated by veno venous extracorporeal membrane oxygenation and VA ECMO demonstrated that low body weight, fungal pneumonia, interstitial pneumonia, and low inspiratory pressure were associated with bleeding, but only fungal pneumonia remained associated in multivariate analysis [START_REF] Lotz | Therapeutic Interventions and risk factors of bleeding during extracorporeal membrane oxygenation[END_REF]. The main limit of these studies is that all bleeding occurring during ECMO support was analyzed, without taking into consideration classification of bleeding events. Another limit was the small size of the study population [START_REF] Lotz | Therapeutic Interventions and risk factors of bleeding during extracorporeal membrane oxygenation[END_REF]. To our knowledge, our study was the first to evaluate the risk factors of major bleeding events within 48 hours of the cannulation for peripheral VA ECMO support. In our cohort the independent risk factors for major bleeding events were found to be post cardiotomy status, low hemoglobin levels, low fibrinogen values, low arterial pH, and low BMI. There is a high physiological plausibility for the increased risk of bleeding associated with low arterial pH levels. Even small reductions in blood pH levels resulted in slower coagulation enzyme kinetics and this association was largely described in trauma patients [START_REF] Watts | Hypothermic coagulopathy in trauma: effect of varying levels of hypothermia on enzyme speed, platelet function, and fibrinolytic activity[END_REF][START_REF] Deloughery | Coagulation defects in trauma patients: etiology, recognition, and therapy[END_REF].

We also found that a lower BMI is a risk factor for major bleeding in our cohort. This same association was observed during coronary angioplasty or after heart surgery [START_REF] Ndrepepa | Relation of Body Mass Index to Bleeding During Percutaneous Coronary Interventions[END_REF][START_REF] Despotis | Factors associated with excessive postoperative blood loss and hemostatic transfusion requirements: a multivariate analysis in cardiac surgical patients[END_REF]. The increased risk is probably explained by several physiological alterations due to co-existing comorbidities (hepatic, renal or digestive), and also by the risk of overdosing antiplatelet and anticoagulation therapies notoriously based on a single regimen dose or gender.

Fibrinogen values were associated with major bleeding events, which is in line with previous results showing that perioperative fibrinogen level predicts hemorrhagic complications after cardiac surgery [START_REF] Pillai | Influence of circulating levels of fibrinogen and perioperative coagulation parameters on predicting postoperative blood loss in cardiac surgery: a prospective observational study[END_REF]. Furthermore, preoperative administration of fibrinogen decreases transfusion rate in cardiac surgery [START_REF] Li | Fibrinogen Concentrate in Cardiovascular Surgery[END_REF]. Despite the lack of high-grade evidence on fibrinogen values and ECMO, ELSO recommends supplementation when fibrinogen is below 1.5g l -1 [START_REF]ELSO Anticoagulation Guideline[END_REF].

We also showed that a hemoglobin level below 9g dl -1 was associated with early major bleeding events. However, no recommendation has been formulated for a minimum hemoglobin level for patients during VA ECMO. ELSO merely recommends maintaining a normal hematocrit [START_REF]ELSO Guidelines General Version All ECLS Version1[END_REF]. It has been reported, in the case of veno venous extracorporeal membrane oxygenation treated patients, that a restrictive transfusion protocol (hemoglobin under 7g dl -1 ) is associated with a decreased risk of bleeding and no increases in mortality [START_REF] Agerstrand | Blood conservation in extracorporeal membrane oxygenation for acute respiratory distress syndrome[END_REF].

In accordance with previous studies, we found that VA ECMO after cardiotomy was associated with major bleeding, and the main cause of bleeding was surgical chest drain [START_REF] Aubron | Predictive factors of bleeding events in adults undergoing extracorporeal membrane oxygenation[END_REF][START_REF] Werho | Hemorrhagic complications in pediatric cardiac patients on extracorporeal membrane oxygenation[END_REF]. A probable explanation is the initial activation of inflammation and coagulation pathways, followed by fibrinolysis. This activation of coagulation leads to a consumption of coagulation factors and platelet activation, decreasing pro-coagulation capacity during ECMO cannulation [START_REF] Hartman | Effects of cardiac surgery on hemostasis[END_REF]. A retrospective analysis of out-of-hospital cardiac arrest patients resuscitated with VA ECMO found that initial high D-dimer level is associated with major bleeding. High D-dimer level reflects coagulation activation and hyperfibrinolysis in the context of disseminated intravascular coagulation [START_REF] Otani | D-dimer predicts bleeding complication in out-of-hospital cardiac arrest resuscitated with ECMO[END_REF].

We acknowledge several limits of this study. The retrospective and single-center nature of this study may reflect local practice. Moreover, the ten-year period of inclusion may reflect different physicians' practices and changes over guidelines and recommendations. Nevertheless, to our knowledge, this is the largest cohort evaluating major bleeding complications exclusively in VA ECMO treated patients. We retrospectively evaluated hemostasis and other biological factors that can be associated with bleeding during the first 48h, which is the most critical period. Indeed, early major bleeding events occur in acute phase of shock, when acidosis, coagulation activation, and inflammation are predominant. Even if it can be argued that initial low level of hemoglobin will necessitate more transfusions, lower hematocrit levels have been associated with impaired hemostasis due to impaired platelet adhesion to the endothelium. Maintaining a minimal hemoglobin level is recommended in cases of hemorrhagic shock [START_REF] Rossaint | The European guideline on management of major bleeding and coagulopathy following trauma: fourth edition[END_REF]. Our data are in accordance with results from hemostasis physiological studies and from major bleeding in trauma and hemorrhagic shock studies and can be built-upon to later test easily accessible and highly physiologically plausible preemptive treatment strategies in order to prevent major bleeding events in the early stages of VA ECMO circulatory support. Moreover, reduction of systemic anticoagulation during VA ECMO support, after initial stabilization and bleeding control could reduce major bleeding events, without increasing thrombotic risk [START_REF] Aubron | Predictive factors of bleeding events in adults undergoing extracorporeal membrane oxygenation[END_REF][START_REF] Raman | A comparison of low and standard anti-coagulation regimens in extracorporeal membrane oxygenation[END_REF][START_REF] Wood | Venoarterial ECMO Without Routine Systemic Anticoagulation Decreases Adverse Events[END_REF]. Considering our results, early correction of hemoglobin, fibrinogen and pH levels could reduce early major bleeding in patients undergoing VA ECMO support.

Conclusion

We report that post-cardiotomy VA ECMO, low arterial pH below 7.12, low hemoglobin levels below 9g dl -1 , low fibrinogen concentration below 2g l -1 and a BMI below 25 were significantly associated with early major bleeding events. In patients on VA ECMO support, an early aggressive preemptive strategy aimed at preventing and treating coagulation and biological abnormalities, could thus be implemented in order to decrease early major bleeding. Further studies are warranted to confirm the present results. 
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