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I-

Catheter ablation (CA) has evolved into an important treatment option for patients with scare-related heart disease presenting VT or VF [START_REF] Priori | ESC Guidelines for the Management of Patients With Ventricular Arrhythmias and the Prevention of Sudden Cardiac Death[END_REF]. The efficiency of CA in reducing or prevent recurrence of sustained VT has been shown and its place in the strategy for treating ventricular arrhythmia gets from a second-hand strategy to a prior treatment in some cases [START_REF] Bella | Management of Ventricular Tachycardia in the Setting of a Dedicated Unit for the Treatment of Complex Ventricular ArrhythmiasClinical Perspective[END_REF].

However, data on mortality and outcomes associated with catheter ablation in patients presenting with electrical storm are poor. 

2-Treatment of ES

Firstable, a treatable aetiology (myocardal ischaemia, electrolyte disorder, heart failure, hyperthryroidism, infection …) need to be investigated, but is absent in 70% to 80% cases [START_REF] Brigadeau | Clinical predictors and prognostic significance of electrical storm in patients with implantable cardioverter defibrillators[END_REF]. Electrical storm treatment depends on the underlying heart disease. For example, sympathetic blockage is effective in controlling electrical storms in patients with the majority of structural heart diseases, congenital long QT syndrome and catecholaminergic polymorphic VT, whereas isoproterenol is used to control electrical storm in Brugada syndrome, early repolarization syndrome and short QT syndrome [START_REF] Maruyama | Management of electrical storm: The mechanism matters[END_REF].

Catheter ablation has been recognized as an effective treatment of electrical storm, when other therapeutics failed (4).

3-Different strategies of ES ablation

Reentry is the most common mechanism of monomorphic VT [START_REF] Maruyama | Management of electrical storm: The mechanism matters[END_REF]. A dense fibrosis creates a conduction block, close by a region associating myocytes intercalated with fibrosis leading to a slow conduction providing the substrate for re-entry [START_REF] Carbucicchio | Catheter ablation for the treatment of electrical storm in patients with implantable cardioverter-defibrillators: short-and long-term outcomes in a prospective singlecenter study[END_REF].

Different VT ablation approaches exist. The first approach targets the VT circuit and critical isthmus in case of incessant monomorphic reentrant VT. Critical isthmus of reentrant ventricular tachycardia can be identified by 3D electroanatomical activation P a g e | 15

mapping during ventricular tachycardia, by entrainment mapping if the ventricular tachycardia is stable and hemodynamically tolerated during the procedure [START_REF] Izquierdo | Ablation or conservative management of electrical storm due to monomorphic ventricular tachycardia: differences in outcome[END_REF]. The inner loop site is localised, when post pacing interval is equal or within 30ms of the tachycardia cycle length at any site of the re-entrant circuit, during entrainment stimulation. The ideal site for ablation within a central isthmus is a mid-diastolic potential during VT, with a post pacing interval that is equal to the tachycardia cycle length [START_REF] Tung | Evolution of ventricular tachycardia ablation in structural heart disease[END_REF]. To localize different parts of the circuit, we measure interval from stimulus to QRS over tachycardia cycle length. The exit site is localized by a ratio < 0,3, central isthmus between 0,3 and 0,7 and the entrance at a ratio >0,7 [START_REF] Tanawuttiwat | The role of catheter ablation in the management of ventricular tachycardia[END_REF]. Ablation line is done at the entrance and exit sites to eliminate the conducted channel [START_REF] Baldinger | Ablation of ischemic ventricular tachycardia: evidence, techniques, results, and future directions[END_REF].

VT critical isthmus of monomorphic re-entrant VTs can also be localized by pacemapping maps. Pace-mapping consists in pacing at a particular site in the ventricle, producing a 12-lead ECG morphology that is compared to the clinical ventricular VT.

Percentage of matching is expressed according to the number of matching leads using a scale from 0 to 12. It is possible only if the 12-leads ECG of the clinical VT is available during the procedure (spontaneous or inducible VT). Computered-assisted comparisons allow precision of pace-mapping. Exit site of a critical isthmus can be localised by a matched QRS morphology with a short stimulus-to-QRS interval, getting longer when moving to the entrance site. Abrupt transition between a matching paced-QRS to clinical VT and poor correlation identifies the core of a VT isthmus. [START_REF] De Chillou | Pace Mapping to Localize the Critical Isthmus of Ventricular Tachycardia[END_REF] The second approach targets the VT substrate by identifying local abnormal ventricular activities (LAVAs) corresponding to slow conduction areas that could promote VT. Low voltage amplitude < 0,5mV electrograms, fractionation and late P a g e | 16

potentials are targets of catheter ablation. [START_REF] Komatsu | Electrophysiologic characterization of local abnormal ventricular activities in postinfarction ventricular tachycardia with respect to their anatomic location[END_REF] This strategy is associated with better outcomes in patients who had a complete abolition or dissociation of LAVA. [START_REF] Komatsu | Impact of Substrate-Based Ablation of Ventricular Tachycardia on Cardiac Mortality in Patients with Implantable Cardioverter-Defibrillators[END_REF] Other substrate ablation strategies exist, as ablation lines getting around the scar border within the low-voltage area and going through the exit region and ablation lines perpendicular form healthy myocardium from one part of the scar to the other part through the isthmus and unexcitable tissue. [START_REF] Marchlinski | Linear ablation lesions for control of unmappable ventricular tachycardia in patients with ischemic and nonischemic cardiomyopathy[END_REF] Complete scar homogenization have also been

proposed to eliminate all abnormal electrograms [START_REF] Tanawuttiwat | The role of catheter ablation in the management of ventricular tachycardia[END_REF]. Such strategy could be associated with higher success rate [START_REF] Jaïs | Elimination of local abnormal ventricular activities: a new end point for substrate modification in patients with scar-related ventricular tachycardia[END_REF]. The advantage of substrate mapping is that this strategy can be performed in case of non-inducible VT or in case of hemodynamically unstable VT [START_REF] Gatzoulis | Electrical storm is an independent predictor of adverse longterm outcome in the era of implantable defibrillator therapy. Eur Eur Pacing Arrhythm Card Electrophysiol J Work Groups Card Pacing Arrhythm Card[END_REF].

However, no study has shown the superiority of one strategy over the other yet. Both strategies (VT isthmus mapping or substrate ablation) can also be associated [START_REF] Tanawuttiwat | The role of catheter ablation in the management of ventricular tachycardia[END_REF]. Baratto and al. studied a cohort of 64 patients, undergoing an unstable VT catheter ablation procedure under ECLS. After a median follow-up of 21 months, the overall survival was about 88%. ECLS was used as a bridge to LVAD in 6,9% and to heart transplantation in 3,5% of patients [START_REF] Baratto | Extracorporeal Membrane Oxygenation for Hemodynamic Support of Ventricular Tachycardia Ablation[END_REF].

P a g e | 20

4-Objective of the study

The objective of this study was to evaluate the early and late outcomes of patients with structural heart disease with electrical storm undergoing radiofrequency ablation and to identify predictive factors of mortality and recurrence of ventricular arrhythmia.

II-Methods

1-Patient population

We realized a retrospective multicentre study of all patients with a structural heart disease, who underwent a catheter ablation for an electrical storm between 2006 and 2016.

Four different centres from the APHP hospitals in Paris participated to the study: Hôpital Pitié Salpétrière, Hôpital Mondor, Hôpital Bichat and Hôpital Européen Georges-Pompidou.

The heart disease was classified as: chronic ischaemic cardiomyopathy, acute myocardial infarction, dilated cardiomyopathy, hypertrophic cardiomyopathy, valvular cardiomyopathy (with severe organic valvular stenosis or insufficiency) and arrhythmogenic right ventricle dysplasia. Patients with no structural heart disease (idiopathic ventricular fibrillation, short-couplet "torsades-de-pointe", canalopathies)

were excluded from the analysis.

Each patient was admitted with a diagnosis of electrical storm. Catheter ablation was proposed in case of failure of anti-arrhythmia therapy, according to the recommendations.

P a g e | 21 [START_REF] Priori | ESC Guidelines for the Management of Patients With Ventricular Arrhythmias and the Prevention of Sudden Cardiac Death[END_REF] In case of refractory non tolerated VT with cardiogenic shock, a general anaesthesia was performed and could be associated with a mechanical support such as ECLS.

2-Procedure

Radiofrequency VT ablation was performed with a moderate sedation or under general anesthesia according to operator preference or clinical presentation of the patient, with a direct arterial blood pressure and O2 saturation monitoring. Electroanatomical maps of ventricle were obtained using different 3D electromapping systems as CARTO (Biosense©) or SAINT JUDE MEDICAL© systems (Ensite©, Velocity© and Navix©).

Endocardial and/or epicardial bipolar and unipolar voltage maps were performed to identify scar areas. Late abnormal electrograms and late potential were tagged. When clinical VT was spontaneously present or could be induced by ventricular stimulation and was haemodynamically well tolerated, 3D activation maps and entrainment manoeuvres were performed to characterize the arrhythmia circuit. When possible, pace-mapping was performed to confirm the isthmus location. In case of haemodynamic instability, difficulty of induction or unstable morphology, substrate mapping during sinus rhythm, using electroanatomic mapping system were performed. Mapping and ablation were usually performed with an irrigated-tip catheter. Left ventricle was mapped through a retrograde trans-aortic and/or trans-septal approach. In case of epicardial ablation, coronary angiography or computed tomography was performed to localize coronary arteries and radiofrequency was avoided at less than 5 mm from any vessel. Phrenic nerve was also tagged.
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At the end of the procedure, if the hemodynamic state of the patient was stable, a programmed ventricular stimulation was performed to search for a non-inducibility of any VT. The primary results were classified as complete success in absence of any sustained VT/FV triggered (classe A), intermediate result when clinical VT was no more inducible but with persistant inducibility of sustained non-clinical VT/VF (classe B) and failure when the clinical VT was still inducible (classe C).

3-Collected informations

Collect proceeding

All medical informations were collected from medical records and data files.

Electrophysiologycal informations of radiofrequency procedures were reported from operating reports. Outcome was obtained from medical records and phone calls to the patient or patient family when the patient was lost of view.

Demographic and clinical characteristics of the patient

We collected clinical characteristics of the patient: sex and age, presence of Right and left ventricular functions were evaluated during the hospitalization by TTE.
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Type of cardiomyopathy (chronic ischaemic cardiomyopathy, acute coronary artery disease, dilated cardiomyopathy, hypertrophic cardiomyopathy, valvular cardiomyopathy and arythmogenic right ventricle dysplasia) according to usual definitions and date when the cardiomyopathy was first diagnosed was reported. When electrical storm occurred during the same hospitalization of the myocardial infarction, the underlying cardiomyopathy was defined as acute coronary artery disease.

Electrophysiological and procedural characteristics

We collected the date of onset of tachyarrhythmia and duration of ES, hemodynamic tolerance of VT, the need of hemodynamic support (ECLS, Heartmate and Impella) and its timming, the use of inotropic drugs (Adrenaline, Noradrenaline and Dobutamine). Concerning the procedure, if general anaesthesia was necessary, its indication was reported as: presence of a hemodynamic support, a treatment of an incessant VT despite classical treatment or only for the radiofrequency. Informations of tachyarrhytmia included type (monomorphic or polymorphic VT), origin of VT, number of different morphologies, cycle of VT. The number of inducible VT, strategy of ablation (activation mapping, pace-mapping, LAVAs), type of ablation (substrat or ongoing VT), epicardial ablation, complication of the procedure and result of the catheter ablation after a programmed ventricular stimulation were indicated. Also type of 3D elctromapping system and type of radiofrequency catheter.

Follow-up
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Data concerning follow-up were retrospectively collected from medical records or by phone call to achieve a 1 year follow-up. The recurrence of VT was diagnosed during the telemetry watching during hospitalization or at ICD consultation. Vital status, heart transplantation or LVAD were evaluated. Events were separated in early outcomes when occurring within 30 days, and late outcomes when occurring between 30 days and one year.

III-Statistical analysis

Categorical variables were reported as n (%) and continuous variables were displayed as means and standard deviations (SD). Correlation studies were performed using the Pearson correlation coefficient and p-values<0.05 were considered as statistically significant. A survival analysis of early and late VT recurrences and death was performed using the Kaplan-Meier and cumulative survival rates were compared with the log-rank test. A backward stepwise univariate and multivariate Cox regression was performed to identify parameters independently associated with the occurrence of early recurrences of VT and early and late mortality in the waiting list. All variables with p<0.10 in univariate analysis were included in the multivariate model. A p<0.05 was considered as statistically significant. Statistical analyses were performed using the SPSS 22.0 software. presented with an ARVD, 11 patients (13%) had an IDCM, 3 patients (4%) had a valvular cardiomyopathy, 2 patients (2%) had an HCM and one had previous myocarditis (1%).

IV-Results

62 patients (73%) where on Beta-blocker treatment, 29 patients (33%) were treated by Amiodarone before the electrical storm and 59 patients (68%) already had an ICD implantation at the time of admission (Figure 4). 

Ablation datas

Overall, they underwent 108 procedures (median 1.5 [START_REF] Gao | Electrical storm: definitions, clinical importance, and treatment[END_REF][START_REF] Maruyama | Management of electrical storm: The mechanism matters[END_REF][START_REF] Exner | Electrical storm presages nonsudden death: the antiarrhythmics versus implantable defibrillators (AVID) trial[END_REF][START_REF] Credner | Electrical storm in patients with transvenous implantable cardioverter-defibrillators: incidence, management and prognostic implications[END_REF][START_REF] Gatzoulis | Electrical storm is an independent predictor of adverse longterm outcome in the era of implantable defibrillator therapy. Eur Eur Pacing Arrhythm Card Electrophysiol J Work Groups Card Pacing Arrhythm Card[END_REF][START_REF] Priori | ESC Guidelines for the Management of Patients With Ventricular Arrhythmias and the Prevention of Sudden Cardiac Death[END_REF][START_REF] Bella | Management of Ventricular Tachycardia in the Setting of a Dedicated Unit for the Treatment of Complex Ventricular ArrhythmiasClinical Perspective[END_REF][START_REF] Carbucicchio | Catheter ablation for the treatment of electrical storm in patients with implantable cardioverter-defibrillators: short-and long-term outcomes in a prospective singlecenter study[END_REF][START_REF] Kozeluhova | Catheter ablation of electrical storm in patients with structural heart disease. Eur Eur Pacing Arrhythm Card Electrophysiol J Work Groups Card Pacing Arrhythm Card Cell[END_REF][START_REF] Brigadeau | Clinical predictors and prognostic significance of electrical storm in patients with implantable cardioverter defibrillators[END_REF][START_REF] Izquierdo | Ablation or conservative management of electrical storm due to monomorphic ventricular tachycardia: differences in outcome[END_REF]). The mean delay between beginning of ES and catheter ablation was 7 days (± 6 days). 21 of them (24%) had a previous CA for VT or ES, among them 7 patients (8%) were referred for CA in one of the four study-centers after failure of a first catheter ablation for this electrical storm. 28 patients (32%) needed an inotropic treatment and 13 patients (15%) benefited from a haemodynamic support.

Most of patients had a monomorphic VT (71 patients, 82%) with only one morphology (59 patients, 66%). The origin of VT was the left ventricle in 66 patients (76%) and both ventricles for 1 patient. 9 epicardial ablations were performed (10%) and 18 patients (21%) had repeat catheter ablation because of a ventricular arrhythmia recurrence including 15 patients (17%) who had repeat ablation within 30 days for early VT recurrence. Acute success of the procedure was obtained in 49 patients (56%) with non inducibility of any VT .

Electrophysiological study at the end of the procedure was not tested or triggered only non-clinical VT in 33 patients (38%) clinical VT remained inducible in 3 patients (3%).

(Table 2 

2-Short-Term results

Recurrence of VT within 30 days

A total of 37 patients (43%) presented a VT recurrence within 1 month after the first CA performed in one of the four study-centers. 45 patients (52%) had a early recurrence after the first ablation when previous CA for the same episode were included.

Overall, 17 patients underwent multiple CA (mean 1.5 [START_REF] Gao | Electrical storm: definitions, clinical importance, and treatment[END_REF][START_REF] Maruyama | Management of electrical storm: The mechanism matters[END_REF][START_REF] Exner | Electrical storm presages nonsudden death: the antiarrhythmics versus implantable defibrillators (AVID) trial[END_REF][START_REF] Credner | Electrical storm in patients with transvenous implantable cardioverter-defibrillators: incidence, management and prognostic implications[END_REF][START_REF] Gatzoulis | Electrical storm is an independent predictor of adverse longterm outcome in the era of implantable defibrillator therapy. Eur Eur Pacing Arrhythm Card Electrophysiol J Work Groups Card Pacing Arrhythm Card[END_REF][START_REF] Priori | ESC Guidelines for the Management of Patients With Ventricular Arrhythmias and the Prevention of Sudden Cardiac Death[END_REF][START_REF] Bella | Management of Ventricular Tachycardia in the Setting of a Dedicated Unit for the Treatment of Complex Ventricular ArrhythmiasClinical Perspective[END_REF][START_REF] Carbucicchio | Catheter ablation for the treatment of electrical storm in patients with implantable cardioverter-defibrillators: short-and long-term outcomes in a prospective singlecenter study[END_REF][START_REF] Kozeluhova | Catheter ablation of electrical storm in patients with structural heart disease. Eur Eur Pacing Arrhythm Card Electrophysiol J Work Groups Card Pacing Arrhythm Card Cell[END_REF][START_REF] Brigadeau | Clinical predictors and prognostic significance of electrical storm in patients with implantable cardioverter defibrillators[END_REF][START_REF] Izquierdo | Ablation or conservative management of electrical storm due to monomorphic ventricular tachycardia: differences in outcome[END_REF]). Among them, 10 presented no recurrence within 30 days after the last CA, including 2 patients who died within 30 days of cardiogenic shock. Overall, 48 patients (55%) did not have early VT recurrence after the last CA.

Most VT recurrences occurred within five days after the procedure. Among the 37 patients with VT recurrence, 23 patients had a recurrence of the clinical VT, 12 patients presented with another VT. 16 patients had another electrical storm. 5). ES occurring in the setting of acute CAD had higher risk of CA failure than other cardiomyopathies (figure 7).

P Compared with patients without structural heart disease, patients with underlying cardiomyopathy were at higher risk of early death (figure 9). Patients with electrical storm and acute CAD had a lower survival than other cardiomyopathies. No difference was P a g e | 33

observed between stable CAD and IDCM. Patients with other cardiomyopathies (mostly ARVC) presented no early death (figure 10). In univariate cox analysis, male gender, acute CAD, LVEF, low hemodynamic tolerance of VT, hemodynamic support before ablation, general anaesthesia before or during CA, polymorphic VT, multiple morphologies of clinical VT, CA-related complication and VT recurrence after first or last ablation were predictors of early death.

In multivariate analysis, only male gender, low tolerance of VT, general anaesthesia and VT recurrence after first CA were independent predictors of early death within one month P a g e | 36

(table 6 and figure 11). General anaesthesia was widely used as an anti-arrhythmia treatment in patients with refractory electrical storm. Thus it was closely correlated with acute CAD, low tolerance of VT, use of a hemodynamic support and inotropic drugs (p<0.001). Patients with electrical storm in context of acute CAD had a more severe clinical presentation with more frequent use of inotrope drugs (p=0.012), general anaesthesia (p<0.001) and hemodynamic support (p<0.001). Within the group of patients with VT recurrence after the first catheter ablation, repeat procedure was not associated with better outcome (figure 12). 

Death within 1 year

After 1 year of follow-up, the death-rate is about 24 patients (29%) with 9 deaths because of tachyarrhythmia, 6 because of heart failure, 8 of non-cardiovascular etiology and 1 with an unknown cause.

There was no difference in mortality at one 1 year between type of cardiomyopathy (Figure 15). Patients with other cardiomyopathy as ARVC or HCM had better long term outcomes.

Survival at one year was not influenced by repeated ablation. (figure 14) 8 patients (10%) get to a ventricular assistance or a heart transplant.

V-Limitations

There are inherent limitations linked to the retrospective design of the study.

However this study is one of the largest recent study in that setting.

As we included only patients with catheter ablation, we cannot compare catheter ablation efficacy to medical strategy.

P a g e | 44 [START_REF] Arya | Catheter ablation of electrical storm due to monomorphic ventricular tachycardia in patients with nonischemic cardiomyopathy: acute results and its effect on long-term survival[END_REF]. Two others studies evaluated the place of catheter ablation in structural heart disease, in very limited cohort (5 and 9 patients) [START_REF] Peichl | Catheter ablation of arrhythmic storm triggered by monomorphic ectopic beats in patients with coronary artery disease[END_REF].

VI-Discussion

In our study, recurrence of VT occurred in 43% of patients, which is similar to the results of different studies with the same population, that is between 38,5% and 52%(8) (9) [START_REF] Arya | Catheter ablation of electrical storm due to monomorphic ventricular tachycardia in patients with nonischemic cardiomyopathy: acute results and its effect on long-term survival[END_REF]. The predictive factors of VT recurrence found in our cohort were electrical storm occurring in patient with acute coronary artery disease and inducible VT at the end of the procedure. Success of the procedure is a recurrent predictive factor of absence of VT recurrence found in different studies.
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Catheter ablation of ventricular tachycardia for ES evolved into a prior treatment because of data suggesting an increased mortality due to ICD shocks(25) [START_REF] Li | The Significance of Shocks in Implantable Cardioverter Defibrillator Recipients[END_REF].

Suppressing ventricular tachycardia could decrease mortality due to ventricular arrhythmias and consequences of ICD shocks [START_REF] Bunch | Patients treated with catheter ablation for ventricular tachycardia after an ICD shock have lower long-term rates of death and heart failure hospitalization than do patients treated with medical management only[END_REF]. But analyzing different studies, the mortality does not decrease despite a significant reduction in ventricular tachycardia recurrence and ICD-therapies. General anesthesia was found as an independent predictor of early death, probably witnessing the more severe clinical presentation of patients necessitating general anesthesia because of low tolerance of VT or hemodynamic support. Thus, the decision to perform catheter ablation in these patients should be carefully stated by a multidisciplinary team and alternative strategies as emergency heart transplantation should be discussed in case of CA failure. In the same way, electrical storm could be the sign of advanced cardiomyopathy that could be candidate for heart transplantation or assistance devices. Most of death occurred within the first month after CA and 47% of deaths were directly linked to VA. Very interestingly, we found that VA recurrence after the first CA was independently associated with higher early mortality and repeat procedure was not associated with better outcome. Similar results were found in previous studies. Nagashima and al that studied VT CA ablation of 370 patients found that early recurrence was an independent predictor of mortality and repeat procedure did not modify the outcome [START_REF] Nagashima | Correlates and prognosis of early recurrence after catheter ablation for ventricular tachycardia due to structural heart disease[END_REF]. As in the present study, early VA recurrence was associated with acute failure or no final induction test. Kozeluhova et al also showed that recurrence of ES was associated with higher mortality and heart transplantation [START_REF] Kozeluhova | Catheter ablation of electrical storm in patients with structural heart disease. Eur Eur Pacing Arrhythm Card Electrophysiol J Work Groups Card Pacing Arrhythm Card Cell[END_REF]. As groups with repeat and no repeat ablation were not randomized, it is difficult to access the efficacy of repeat ablation procedures but the inner and previous studies suggest no clear benefice. In Nagashima and al study, comparing 44 patients who underwent repeat ablation and 37 patients without repeat ablation, there was no significant difference in survival [START_REF] Nagashima | Correlates and prognosis of early recurrence after catheter ablation for ventricular tachycardia due to structural heart disease[END_REF].
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In case of catheter ablation failure, alternative strategies to repeat CA should be discussed. However, apart from acute CAD and severity of the initial presentation with low tolerated VT and need for general anesthesia, no clear clinical predictive factors of early mortality was found. This underlies how difficult it is to identify patients at high risk that would better benefit from emergency heart transplantation than first line or repeat CA. In this high risk population, CA was associated with frequent CA-related complications (26% of procedures) and two patients directly died of CA-related complications. This result suggests that catheter ablation in these high-risk patients is not a benign procedure. In our cohort, even if a second procedure was associated with less recurrence of VT (61% of patients without any recurrence of VT within 1 month after CA), it didn't lead to better survival.

As we only included patients treated with CA, we were not able to compare CA to medical strategy alone. Izquierdo and al compared outcomes of patients who underwent a catheter ablation for ES, versus a medical treatment alone. There was no difference in mortality and in ES recurrence after a median follow-up of 28 months. They showed only a decreased ES recurrence in the population with LVEF > 25% who underwent a catheter ablation (21%) compared to the population with medical treatment (62%). Leading to the idea that catheter ablation is less effective in patients with severe heart failure. None of patients in this study benefited of repeat catheter ablation [START_REF] Izquierdo | Ablation or conservative management of electrical storm due to monomorphic ventricular tachycardia: differences in outcome[END_REF].

It is not clear if catheter ablation failure is caused by the severity of the underlying disease or incomplete procedure. Our results with others suggest that CA ablation of all VT should be performed to obtain negative ventricular stimulation as a primary end-point as this parameter was associated with less VA recurrence. However, this parameter was not associated with early mortality, even in univariate analysis. A more aggressive P a g e | 48

strategy, using epicardial mapping if necessary (in particular in ICDM and ARVC) and ablation of all VTs, may improve outcome. In a population of 13 patients with IDCM who had a catheter ablation for ES, 8 patients had a failure of endocardial ablation and four of them had an epicardial CA. In this population who underwent an epicardial CA, 3 patients had a complete success of the procedure. Finally, a successful CA was associated with improved survival [START_REF] Arya | Catheter ablation of electrical storm due to monomorphic ventricular tachycardia in patients with nonischemic cardiomyopathy: acute results and its effect on long-term survival[END_REF].

VII-Conclusions

Catheter ablation is an effective treatment of electrical storm in patients with structural heart disease. In this study, nearly 50% of patients were free of VA after the first procedure and 55% after the last procedure. Electrical storm in patients with recent P a g e | 49 myocardial infarction and severe clinical presentation with low tolerated VT and general anesthesia was associated with higher early ventricular arrhythmia recurrence and mortality. Early recurrence after the first CA was also independently associated with higher early-mortality and repeat procedure did not influence significantly the outcome.

Absence of early VA recurrence was predicted by negative elctrophysiological study at the end of the procedure. Identification of patients that would benefit better from alternative strategies as emergency heart transplantation or ventricular assistance remain difficult. These options should be multidisciplinary discussed in case of catheter ablation failure on higher risk patients.

1 -

 1 Context and definitionAn electrical storm (ES) is defined as (a) three or more episodes of ventricular tachyarrhythmia (ventricular tachycardia (VT) or ventricular fibrillation (FV)), separated by more than 5min in sinus rhythm, or (b) three or more appropriate implantable cardioverter device (ICD) therapies for VT/FV occurring within 24 hours.(1) It is associated with high mortality and morbidity[START_REF] Maruyama | Management of electrical storm: The mechanism matters[END_REF]. In AVID trial, occurrence of electrical storm was associated with a higher mortality (RR=2,4 ; p=0,003), compared to patients with VT/VF or without arrhythmia.(3) Treatment of electrical storm also lead to more frequent and prolonged hospitalizations. Credner and al. retrospectively studied a cohort of patients receiving an ICD, electrical storm occurred in 14 patients (10%) and 12 patients needed a hospitalization for intravenous treatment.[START_REF] Credner | Electrical storm in patients with transvenous implantable cardioverter-defibrillators: incidence, management and prognostic implications[END_REF] 
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 171 Figure 1. Endocardic catheter ablation of a critical isthmus as determined by pacemapping in patient with an ischemic cardiomyopathy

Figure 2 .Figure 3 .Figure 4 .

 234 Figure 2. Catheter ablation of an electrical storm in a patient with a dilated cardiomyopathy, endocardial activation mapping on left side and epicardial voltage mapping on right side

  comorbidities (renal failure, respiratory disease, and diabetes), first episode of VT, previous catheter ablation and previous catheter ablation for this episode, medication used at the time of ES occurrence and medication used to control the electrical storm, and presence of an ICD and cardiac resynchronization therapy. The diagnosis of the cardiomyopathy was made by performing a trans-thoracic echocardiography (TTE), a coronary angiogram, a right ventriculography or a magnetic resonance imaging (MRI).
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 2511 Characteristics of the population at the time of ES87 patients (77 men with a mean age of 59 ± 13 years) with electrical storm treated by catheter ablation and structural heart disease were identified. The mean left ventricle (LV) ejection function was 31 ± 14 %. 36 patients (43%) had a chronic coronary artery disease (CAD), 20 patients (23%) had a an acute coronary artery disease, 14 patients (16%)

Figure 5 .

 5 Figure 5. Distribution of structural heart disease

Firgure 6 .

 6 Kaplan-meier event-free for recurrence of VT; VT: Ventricular tachycardia Acute CAD, multiple morphologies of clinical VT and negative ventricular stimulation at the end of CA were predictors of early VT recurrence in Cox regression univariate analysis. Only acute CAD and negative ventricular stimulation at the end of CA remained predictors of early VT recurrence in multivariate cox regression analysis (Table

Figure 7 .

 7 Figure 7. Kaplan-meier event-free for early ventricular tachycardia recurrence within 30 days according to the cardiomyopathy; VT: Ventricular tachycardia; ICM: Ischemic cardiomyopathy, DCM: Dilated cardiomyopathy, MI: Myocardial infarction

Figure 8 . 12 Figure 9 .Figure 10 .

 812910 Figure 8. Cause of death within the 87 patients
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 11121314 Figure 11. Early death within 30 days according to ventricular tachycardia recurrence after the first VT catheter ablation; VT: Ventricular tachycardia

1Figure 15 .

 15 Figure 15. Death within 1 year depending on cardiomyopathy; ICM: Ischemic cardiomyopathy, DCM: Dilated cardiomyopathy, MI: Myocardial infarction
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 421632 Figure 16. Long term death within one year in the 45 patients with ventricular tachycardia recurrence after the first ablation according to repeated ablation or not.

  

  

  

  

  

Table 1 . Baseline clinical and demographic characteristics of the study population ; LV : left ventricle ; CAD : coronary artery disease ; ARVD : Arrhythmogenic right ventricular cardiomyopathy ; IDCM : Idiopathic dilated cardiomyopathy ; HCM : Hypertrophic cardiomyopathy ; ICD : Implantable cardioverter device

 1 

	Chronic CAD
	Acute CAD
	ARVD
	IDCM
	Valvular cardiomyopathy
	HCM
	Myocarditis

Table 2 . Electrophysiological and procedural characterictics of the study population ; ES : Electrical storm ; VT : Ventricular tachycardia ; LAVA : Local abnormal ventricular activity ; PVC : Premature ventricular complex; Classe A: no inducible VT; Classe B: simulation pacing not performed or persistant non-clinical VT; Classe C: Inducible clinical VT

 2 ).
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Table 3 . Complications of catheter ablation; CA: catheter ablation

 3 

Table 4 . Univariate and multivariate analysis for ventricular tachycardia recurrence at 1month ; MI : Myocardial infarction ; LVEF : Left ventricle ejection function ; CA : Catheter ablation ; VT : Ventricular tachycardia ; LV VT : Left ventricule ventricular tachycardia
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				95,0% CI			95,0% CI
		p	OR	Lower Higher	p	OR	Lower Higher
	Sex	.552	.751	.292 1.929		
	Age	.532	1.008	.983 1.034		
	Recent MI	.043	2.049	1.024 4.098 .019 2.343 1.149 4.778
	LVEF	0.922	1.001	0.979 1.023		
	Inotropic drugs	.887	1.051	.528 2.094		
	Haemodinamic support before CA	.807	1.115	.465 2.674		
	Hemodynamic tolerance of VT	.828	.931	.485 1.784		
	Monorphic VT	.440	1.383	.607 3.149		
	≥1 morphology	.053	1.906	.992 3.660 .318 1.425	.711 2.856
	LV VT	.391	1.393	.653 2.969		
	≥1 inducible VT	.616	1.192	.599 2.374		
	CA in VT	.562	.846	.482 1.487		
	Epicardial CA	.808	1.138	.403 3.213		
	No VT inducible at the					
	end of procedure (class	.035	.496	.258 .952 .012 .425	.218 .828
	B/C)					
	General anesthesia	.417	1.313	.680 2.533		

Table 5 . Univariate and multivariate analysis for early death at 1 month; CAD: coronary artery disease; LVEF: Left ventricle ejection function; HD: Hemodynamic; VT: ventricular tachycardia; CA: Catheter ablation

 5 
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Table 6 : Univariate Cox analysis of long term survival; ES: Electrical storm; IDCM: Idiopathic dilated cardiomyopathy; MI: Myocardial infarction; LVEF: Left ventricle ejection function; VT : Ventricular tachycardia ; CA : Catheter ablation

 6 

	In univariate Cox analysis, idiopathic dilated cardiomyopathy, LVEF and
	epicardial CA were predicting factors of late death within one year. In multivariate
	analysis, there was no persistent predicting factor (Table7).

  Mallidi J and al. did a meta-analysis on 457 patients from five studies, and catheter ablation was associated with a decreased VT recurrence of 35 % without any effect on mortality.[START_REF] Mallidi | Meta-analysis of catheter ablation as an adjunct to medical therapy for treatment of ventricular tachycardia in patients with structural heart disease[END_REF] The VTACH tri al enrolled 107 patients with previous myocardial infarction to catheter ablation associated with ICD or ICD alone.
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	mortality than other cardiomyopathies (p=0,027). Long term mortality was mostly drived
	by hemodynamic factors as LVEF or ICDM and was not associated with catheter ablation
	success. Patients with recent myocardial infarction had a more severe clinical presentation
	and a worst outcome with higher risk of VA recurrence and early mortality.
	Freedom of VT/VF recurrence of higher in the ICD and ablation group (46%) versus the
	ICD group (29%). Nine patients died during the follow-up, without difference between
	the two groups. (29)
	Regarding patients with structural heart disease, suppression of VTs does not
	guarantee a good prognosis and does not prevent death due to progression of heart failure.
	This suggests that cardiac damage is apparently too extensive, and VT recurrence is more
	likely to reflect severity of the cardiomyopathy. (30) (29)
	Mortality was high, around 29% during the first year and mostly occurring during
	the first month, decreased slowly during the follow-up. The high mortality in patients
	with ES would reflect the deterioration of heart function and evolution of the
	cardiomyiopathy(31). Early-mortality rate during the first month was about 20% and
	predictive factors of death were male gender, low hemodynamic tolerance of the VT,
	general anesthesia and recurrence of VT after the first catheter ablation. Beside, when we
	analyze mortality depending on the cardiomyopathy, it seems that a recent myocardial
	infarction complicated with an electrical storm is associated with significantly higher