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BALLON D'OCCLUSION INTRA-AORTIQUE DANS LA PRISE EN CHARGE DE L'HEMORRAGIE CRITIQUE CHEZ LE TRAUMATISE SEVERE : UNE ANALYSE
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Liste des abréviations (par ordre alphabétique)

-AIS : Abbreviated Injury Scale Balloon inflation in zone 3 (from the lower renal artery to the aortic bifurcation) can be performed to stop on-going bleeding after severe pelvic trauma with life-threatening hemorrhage. The aim of our study was to describe our 20-year experience with REBOA use in terms of efficacy and safety in patients with a suspicion of severe pelvic trauma and extreme hemorrhagic shock.

Methods :

We performed a retrospective study from 1996 to 2017 in a French Level-I trauma center. All consecutive patients who underwent a REBOA procedure were included.

REBOA indication relied on 1) extreme hemodynamic instability (systolic arterial blood pressure (SBP) < 60 mmHg on admission, SBP < 90 mmHg despite initial resuscitation in the trauma bay or post-traumatic cardiac arrest) and 2) positive pelvic X-ray. Efficacy endpoints were vital signs and coagulation parameters before and after balloon inflation. Safety endpoints were REBOA-related complications: vascular events, acute renal failure, and rhabdomyolysis.

Results : Within the study period, 32 patients underwent a REBOA procedure. Only two patients had technical failure and balloon was not inflated in one patient. Nineteen patients did not survive at Day 28. REBOA significantly improved SBP from 60 [35-73] mmHg to 115 [91-128] mmHg (p<0.001). We also reported a high rate of vascular complications (19%, n= 5 patients) but no amputation. Renal replacement therapy was initiated in eleven patients and fifteen patients had severe rhabdomyolysis.

Introduction

Exsanguination remains the main cause of preventable death after severe trauma. [START_REF] Tien | Preventable deaths from hemorrhage at a level I Canadian trauma center[END_REF] In this context, non-compressible truncal hemorrhage is the prominent source of uncontrollable bleeding. While damage control open surgery or interventional radiology are mostly performed to treat non-compressible truncal hemorrhage, resuscitative endovascular balloon occlusion of the aorta (REBOA) is increasingly used as a non-invasive clamp of the aorta to stabilize patients' hemodynamics in the trauma bay until definitive hemostasis is achieved. [START_REF] Qasim | Resuscitative endovascular balloon occlusion of the aorta[END_REF] This technique was successfully used in several types of trauma with on-going bleeding and has become a salvage therapy in patients with post-traumatic life-threatening hemorrhage.

Emerging literature, mainly retrospective studies or registry analyses, demonstrated that REBOA was a swift and effective method for treating circulatory failure in patients with hemorrhagic shock from intra-abdominal or pelvic injuries. [START_REF] Aso | Resuscitative endovascular balloon occlusion of the aorta or resuscitative thoracotomy with aortic clamping for noncompressible torso hemorrhage: A retrospective nationwide study[END_REF][START_REF] Nunez | A meta-analysis of resuscitative endovascular balloon occlusion of the aorta (REBOA) or open aortic cross-clamping by resuscitative thoracotomy in non-compressible torso hemorrhage patients[END_REF][START_REF] Morrison | A systematic review of the use of resuscitative endovascular balloon occlusion of the aorta in the management of hemorrhagic shock[END_REF] The incidence of REBOArelated complications also appeared to be low. [START_REF] Taylor | Vascular complications from resuscitative endovascular balloon occlusion of the aorta: Life over limb?[END_REF] Depending on the location of hemorrhage, the REBOA can be inflated in three different aortic zones, namely 1, 2 or 3. Most studies indifferently pooled REBOA use in these different zones so that specific evaluation of REBOA use in one particular injury was poorly explored. Zone 3 stands for the infra-renal abdominal aorta, between the lowest renal artery and the aortic bifurcation. Balloon inflation in this zone can stop acute bleeding from severe pelvic trauma. [START_REF] Martinelli | Intra-aortic balloon occlusion to salvage patients with life-threatening hemorrhagic shocks from pelvic fractures[END_REF] Since hemorrhage from the pelvic area is particularly challenging to manage, the use of REBOA in this setting is of particular interest. The aim of our study was to retrospectively describe a 20-year experience of REBOA utilization in terms of efficacy and safety in consecutive patients with severe pelvic blunt trauma and life-threatening hemorrhage admitted in a French level-I trauma center.

Patients and methods

Study design and selection criteria

We conducted a retrospective study in a French Level I trauma center (Grenoble Alps trauma center, France) from September 1996 to August 2017. We included consecutive patients with a suspicion of severe pelvic blunt trauma that required a REBOA procedure due 

REBOA procedure

In our center, REBOA insertions were mainly performed by senior radiologists or occasionally by senior anesthesiologists. Indication of REBOA relied on persistent hemodynamic instability after appropriate resuscitation: systolic blood pressure (SBP) < 60 mmHg on admission, or SBP < 90 mmHg despite initial resuscitation in the trauma bay, or cardiac arrest during resuscitation. A blind insertion was done using a 10-French sheath in the common femoral artery. Through this sheath, a 20-mm Berenstein latex balloon (Boston scientific, Natick, MA) was inflated in the infra-renal aorta (zone 3) without fluoroscopic guidance. The bilateral absence of femoral pulse was then assessed. This procedure occurred in the trauma bay except for two patients with a REBOA insertion in a Level-II hospital before transfer to the level I facility.

Management

Severe trauma patients with a suspicion of pelvic trauma were managed by prehospital physician-staffed ambulance. Pre-hospital care consisted of individual-goal therapy with infusion of crystalloids, continuous infusion of epinephrine and/or norepinephrine, pelvic belt placement, and transfusion of red blood cells units (RBC) eventually. When cardiac arrest occurred in the prehospital field, bilateral thoracostomy was performed as soon as possible.

In the trauma bay, all patients were treated according to an institutional protocol (Figure 1). All patients benefited from chest and pelvic X-rays and focused abdominal sonography for trauma (FAST). Pelvic trauma was diagnosed on pelvic X-ray. When pelvic trauma was judged to be the major source of bleeding, aortic balloon was inserted according to hemodynamic status. After REBOA, patients were transferred to interventional radiology for angiography. In case of concomitant abdominal and pelvic injury, laparotomy was performed first and balloon inflation was done after the treatment of the abdominal injury.

Positive chest X-ray was considered as a contraindication for REBOA. Resuscitation included fluid administration and vasopressor support, associated with transfusion of RBC.

Coagulation management included transfusions of fresh frozen plasma (FFP), platelets, fibrinogen concentrate and tranexamic acid according to a massive transfusion protocol.

Data collection

For each patient, we collected demographic data, mechanism of injury, Injury Severity Score (ISS), Revised Trauma Score (RTS), Sepsis-related Organ Failure Assessment (SOFA) score, transfusion requirement (RBC, FFP and PLT), and the type of hemostatic treatment.

Morbidity and mortality assessment consisted of 24-hour mortality, 28-day mortality, length of stay in intensive care unit (ICU), length of stay in hospital and duration of mechanical ventilation. Efficacy of REBOA procedure was evaluated through vital signs (heart rate and systolic arterial blood pressure) and coagulation parameters before and after balloon inflation. Safety endpoints were complications related to REBOA use: vascular complications, acute renal failure with use of renal replacement therapy, and rhabdomyolysis. Rhabdomyolysis with serious threat on renal function was defined by an elevation of serum creatine kinase > 5000 IU/l. 8

Statistical analysis

Baseline patient characteristics were reported as medians and interquartile range (IQR 25 th -75 th ) for continuous variables and number and percentages for categorical variables. 

Results

From September 1996 to August 2017, 32 consecutive trauma patients underwent a REBOA procedure. The number of patients with REBOA procedure per year is shown in 

Discussion

This study reported our 20-year experience of REBOA in consecutive patients with a suspicion of severe pelvic trauma. This procedure was effective in restoring hemodynamic while few long-term complications were reported. Our study highlights that REBOA is a safe therapeutic option in trauma patients with hemodynamic instability due to severe pelvic injury.

To our knowledge, we performed the first French observational report of REBOA experience in the management of severe pelvic trauma in continuum with Martinelli et al. [START_REF] Martinelli | Intra-aortic balloon occlusion to salvage patients with life-threatening hemorrhagic shocks from pelvic fractures[END_REF] Massive bleeding from pelvic injury is the major cause of preventable hemorrhagic deaths [START_REF] Tien | Preventable deaths from hemorrhage at a level I Canadian trauma center[END_REF] and the description of salvage therapy is of interest in this context. In our study, REBOA inflation was associated with significant hemodynamic improvement (median increase in arterial systolic blood pressure equal to 55 mmHg). Similarly, in a recent systematic review, [START_REF] Morrison | A systematic review of the use of resuscitative endovascular balloon occlusion of the aorta in the management of hemorrhagic shock[END_REF] REBOA successfully restored arterial blood pressure in diverse clinical settings without reducing hemorrhage-related mortality. The observed 28-day mortality (n= 19 patients out of 32 patients) in our study was concordant with other retrospective series despite huge heterogeneity for zone of REBOA inflation, source of bleeding, and number of patients [START_REF] Norii | Survival of severe blunt trauma patients treated with resuscitative endovascular balloon occlusion of the aorta compared with propensity scoreadjusted untreated patients[END_REF][START_REF] Saito | Evaluation of the safety and feasibility of resuscitative endovascular balloon occlusion of the aorta[END_REF][START_REF] Abe | Resuscitative endovascular balloon occlusion of the aorta versus aortic cross clamping among patients with critical trauma: a nationwide cohort study in Japan[END_REF][START_REF] Inoue | Resuscitative endovascular balloon occlusion of the aorta might be dangerous in patients with severe torso trauma: A propensity score analysis[END_REF][START_REF] Moore | Resuscitative endovascular balloon occlusion of the aorta for control of noncompressible truncal hemorrhage in the abdomen and pelvis[END_REF][START_REF] Sadeghi | The use of aortic balloon occlusion in traumatic shock: first report from the ABO trauma registry[END_REF] .

The effect of REBOA on mortality remains debated. For instance, analyses of a nationwide trauma registry in Japan suggested an association between REBOA and higher mortality using a propensity score. [START_REF] Norii | Survival of severe blunt trauma patients treated with resuscitative endovascular balloon occlusion of the aorta compared with propensity scoreadjusted untreated patients[END_REF][START_REF] Inoue | Resuscitative endovascular balloon occlusion of the aorta might be dangerous in patients with severe torso trauma: A propensity score analysis[END_REF] Despite controversial results, REBOA is now incorporated in several algorithms for the management of pelvic fracture with hemodynamic instability [START_REF] Coccolini | Pelvic trauma: WSES classification and guidelines[END_REF][START_REF] Napolitano | Resuscitative Endovascular Balloon Occlusion of the Aorta: Indications, Outcomes, and Training[END_REF] and REBOA has become a valuable therapeutic option in daily clinical practice. [START_REF] Napolitano | Resuscitative Endovascular Balloon Occlusion of the Aorta: Indications, Outcomes, and Training[END_REF] Main concern about REBOA procedure is safety. Several authors reported complications [START_REF] Taylor | Vascular complications from resuscitative endovascular balloon occlusion of the aorta: Life over limb?[END_REF][START_REF] Saito | Evaluation of the safety and feasibility of resuscitative endovascular balloon occlusion of the aorta[END_REF][START_REF] Allison | Iatrogenic Common Iliac Artery Rupture from Resuscitative Endovascular Balloon Occlusion of the Aorta[END_REF] such as lower limb ischemia resulting in limb amputation. However, acute kidney failure or rhabdomyolysis after REBOA use remain poorly described. In our series, we observed a relatively important rate of vascular complication (19%, n=6 patients) without long-term consequence. This finding may be linked with the use of a 10-Fr sheath since larger diameter (14-Fr) has now been proved to be associated with more vascular complication than smaller diameter (7-Fr). [START_REF] Taylor | Vascular complications from resuscitative endovascular balloon occlusion of the aorta: Life over limb?[END_REF][START_REF] Teeter | Smaller introducer sheaths for REBOA may be associated with fewer complications[END_REF] Eleven patients (34%) temporarily needed renal replacement therapy, but no persistent renal failure was reported. Indications for renal replacement therapy were mainly major acidosis or severe hyperkalemia (>6mmol/l). As a result, potential confounding factor like shock, injection of contrast agent, rhabdomyolysis, or massive transfusion might also explain renal dysfunction in our study. Moreover, aortic occlusion time was inferior to 60 minutes. [START_REF] Sadeghi | The use of aortic balloon occlusion in traumatic shock: first report from the ABO trauma registry[END_REF] To limit ischemic consequences of aortic occlusion, several authors suggest using partial occlusion in order to lower the ischemia-reperfusion injury. [START_REF] Johnson | Partial resuscitative balloon occlusion of the aorta (P-REBOA): Clinical technique and rationale[END_REF][START_REF] Dubose | How I do it: Partial resuscitative endovascular balloon occlusion of the aorta (P-REBOA)[END_REF] We acknowledge several limits of our work. The main issue is the retrospective design of our study covering a long-time period. Indeed, from 1996 to 2017, management of severe pelvic trauma has evolved. Despite these evolutions, we did not find any interaction between time and survival in Figure 2. Second, the sample size was small. REBOA in our center was used as a last resort procedure, which explained an exceptional use of REBOA in few patients.

In 

-

  aPTT : activated Partial Thromboplastin Time -BOIA : Ballon d'Occlusion Intra-Aortique -CI : Confidence Interval -CNIL : Commission Nationale de l'Informatique et des Libertés (French data protection authority) -ICU : Intensive Care Unit -ISS : Injury Severity Score -IQR : Inter Quartile Range -FAST : Focused Abdominal Sonography for Trauma -FFP : Fresh Frozen Plasma -PLT : Plathelets -PT : Prothrombin Time -RBC : Red Blood Cells unit -REBOA : Resuscitative Endovascular Balloon Occlusion of the Aorta -RENAU : REseau Nord Alpin des Urgences (Northern French Alps Network) -RFE : Recommandations Formalisées d'Experts (Formalised Experts Recommandations) -RRT : Renal Replacement Therapy -RTS : Revised Trauma Score -SBP : Systolic Blood Pressure -SFAR : Société Française d'Anesthésie et de réanimation -SFMU : Société Française de Médecine d'Urgence -SOFA : Sepsis-related Organ Failure Assessment -SAPS II : Simplified Acute Physiology Score II -SD : Standard Deviation -TBI : Traumatic Brain Injury -TRENAU : Trauma system of the Northern French Alps -TRISS : TRauma Injury Severity Score

RésuméObjectif:

  Le ballon d'occlusion intra-aortique (BOIA) est une technique en pleine expansion pour le clampage non-invasif de l'aorte dans diverses situations de lésions hémorragiques post-traumatiques. Le déploiement du ballon en zone 3 (aorte sous-rénale) peut permettre de contrôler une hémorragie active menaçant le pronostic vital après traumatisme sévère du bassin. Le but de notre étude était de décrire notre expérience de 20 ans d'utilisation du BOIA dans cette indication, en terme d'efficacité et de tolérance. Méthodes : Nous avons réalisé une étude rétrospective de 1996 à 2017 dans un centre de traumatologie français de niveau 1, incluant tous les patients consécutifs ayant bénéficié d'une pose de BOIA dans un contexte traumatique. L'indication de BOIA reposait sur la présence 1) d'une instabilité hémodynamique (pression artérielle systolique (PAS) < 60 mmHg à l'admission, PAS < 90 mmHg malgré la réanimation initiale au déchocage ou arrêt cardiaque post-traumatique) et 2) d'une radio de bassin positive. Les critères d'efficacité étudiés étaient les paramètres vitaux et les paramètres biologiques de coagulation avant et après inflation du ballon. Les critères de tolérance étaient la survenue de complications associées au BOIA. Résultats : Durant la période étudiée, 32 patients ont bénéficié d'une pose de BOIA. Deux patients ont eu un échec technique, et le ballon n'a jamais été gonflé chez un patient. Dix-neuf patients étaient décédés au 28 ème jour. La pose du BOIA améliorait significativement la PAS de 60 [35-73] mmHg à 115 [91-128] mmHg (p<0.001). Nous avons observé un taux important de complications vasculaires (19%, n= 5 patients) mais aucune amputation. Une épuration extra-rénale a été débutée chez onze patients et quinze patients ont eu une rhabdomyolyse sévère. Conclusion : Le BOIA semble une technique sûre et efficace pour améliorer l'état hémodynamique des patients présentant une hémorragie critique après traumatisme sévère du bassin. Notre étude conforte l'utilisation du BOIA comme technique de sauvetage permettant une stabilisation du patient avant réalisation de l'hémostase définitive dans ce contexte. Niveau de preuve : Etude rétrospective, Niveau III Mots-clés : ballon aortique; occlusion intra-aortique ; traumatisme du bassin ; choc hémorragique ; efficacité ; sécurité Abstract Background : Resuscitative endovascular balloon occlusion of the aorta (REBOA) is increasingly used as a non-invasive clamp of the aorta after diverse post-traumatic injuries.

  to hemorrhagic shock or a pre-hospital cardiac arrest. No patient that underwent REBOA was excluded from the study. According to the French law No. 2012-300 (Decree No. 2016-1537), non-opposition of surviving patients was obtained by an information letter [appendix1], and the declaration was made to the French Data Protection Authority (Registration number 2082445v0, the 10th of July 2017) [appendix2].

Fluctuations

  in the vital signs and coagulation parameters before/after REBOA inflation were analyzed using Wilcoxon signed-rank test. The trend in mortality over years was tested with a Chi-squared test for linear trend. Two-sided p-values lower than 0.05 were considered statistically significant. All analyses were performed using Stata version 14.0 (Stata Corporation, College Station, TX, USA).

Figure 1 :

 1 Figure 1: Institutional protocol for REBOA indication after a suspicion of severe pelvic

Figure 2 .

 2 Figure 2. Failure in REBOA insertion was observed in two patients due to arterial access

Figure 2 :

 2 Figure 2: Distribution of patients that underwent a REBOA procedure across the study period
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Table 1 :

 1 Characteristics of 32 patients with REBOA procedure. Values are mean ± SD or median [25 th -75 th interquartile range]. SOFA: Sequential organ failure assessment; TRISS: Trauma related injury severity score

	Variable

Table 2 :

 2 Variables before and after REBOA procedure in 29 patients with a suspicion of severe trauma Values are median [25 th -75 th interquartile range].

	Variable	Before REBOA	After REBOA	P-value
	Heart Rate (bpm)	110 [85-130]	110 [90-130]	0.50
	Systolic Blood Pressure (mmHg)	60 [30-75]	115 [90-130]	<0.001
	Prothrombin time (%)	28 [18-41]	34 [27-45]	0.42
	aPTT Ratio	3.15 [1.97-5.40]	2.73 [1.91-5.40]	0.59
	Fibrinogen concentration (g/L)	0.9 [0.6-1.4]	1.4 [0.9-1.7]	0.03

Si vous refusez le traitement de vos données dans cette étude nous vous demandons de nous contacter au 04 76 76 67 29. Votre prise en charge présente ou future ne sera pas affectée.

  conclusion, the use of REBOA in recent guidelines is unclear. With this work, we demonstrated that REBOA is a valuable technique in severe trauma patients with a suspicion of pelvic trauma and exsanguination. We have integrated REBOA as a bridge to definitive hemostatic treatment like embolization or surgery. In this setting, potential adverse effects are acceptable given the high severity of the included patients and should not discourage trauma leaders to use REBOA as a salvage technique. mandatées, par la personne responsable de la recherche et éventuellement par des représentants des autorités administratives. Les données recueillies seront informatisées. La base de données informatique sera réalisée selon les critères exigés par la commission
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Conclusions : REBOA is safe and effective in improving hemodynamics after severe pelvic trauma and life-threatening hemorrhage. Our study supports the use of REBOA as a bridge to definitive hemostatic treatment after severe pelvic trauma. Co-auteurs : P Bouzat, A Harrois, T Gauss.

Level of evidence :