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One-year outcomes in cardiogenic shock triggered by ventricular arrhythmia: An analysis of the FRENSHOCK multicenter prospective registry
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Background:

Cardiogenic shock (CS) is a life-threatening condition carrying poor prognosis, potentially triggered by ventricular arrhythmia (VA). Whether the occurrence of VA as trigger of CS worsens the prognosis compared to non-VA triggers remains unclear. The aim of this study was to evaluate 1-year outcomes [mortality, heart transplantation, ventricular assist devices (VAD)] between VA-triggered and non-VA-triggered CS.

Methods:

FRENSHOCK is a prospective multicenter registry including 772 CS patients from 49 centers. One to three triggers can be identified in the registry (ischemic, mechanical complications, ventricular/supraventricular arrhythmia, bradycardia, iatrogenesis, infection, non-compliance). Baseline characteristics, management and 1-year outcomes were analyzed according to the VA-trigger in the CS population.

Results:

Within 769 CS patients included, 94 were VA-triggered (12.2%) and were compared to others. At 1 year, although there was no mortality difference [42.6 vs. 45.3%, HR 0.94 (0.67-1.30), p = 0.7], VA-triggered CS resulted in more heart transplantations and VAD (17 vs. 9%, p = 0.02). Into VA-triggered CS group, though there was no 1-year mortality difference between ischemic and non-ischemic cardiomyopathies [42.5 vs. 42.6%, HR 0.97 (0.52-1.81), p = 0.92], non-ischemic cardiomyopathy led to more heart transplantations and VAD (25.9 vs. 5%, p = 0.02).

Conclusion:

VA-triggered CS did not show higher mortality compared to other triggers but resulted in more heart transplantation and VAD at 1 year, especially in non-ischemic cardiomyopathy, suggesting the need for earlier evaluation by advanced heart failure specialized team for a possible indication of mechanical circulatory support or heart transplantation.

Introduction

Cardiogenic shock (CS) is a life-threatening condition characterized by inadequate cardiac output. CS remains common in intensive cardiac care unit (ICCU) [START_REF] Bohula | Demographics, care patterns, and outcomes of patients admitted to cardiac intensive care units: the critical care cardiology trials network prospective North American multicenter registry of cardiac critical illness[END_REF][START_REF] Berg | Epidemiology of shock in contemporary cardiac intensive care units data from the critical care cardiology trials network registry David[END_REF], carrying a poor prognosis with a mortality rate of 25-35% at 1 month (3) and 45-60% at 1 year [START_REF] Delmas | Predictive factors for long-term mortality in miscellaneous cardiogenic shock: protective role of betablockers at admission[END_REF]. Several prognostic factors for mortality have been established, including age, lactatemia at admission [START_REF] Marbach | Lactate clearance is associated with improved survival in cardiogenic shock: a systematic review and metaanalysis of prognostic factor studies[END_REF], renal replacement therapy, or use of catecholamines [START_REF] Delmas | Predictive factors for long-term mortality in miscellaneous cardiogenic shock: protective role of betablockers at admission[END_REF].

Acute coronary syndrome (ACS) remains the leading underlying heart disease [START_REF] Thiele | Management of cardiogenic shock[END_REF][START_REF] Vahdatpour | Cardiogenic shock[END_REF], and reduces both immediate and long-term survival in case of CS [START_REF] Aissaoui | Long-term outcome in early survivors of cardiogenic shock at the acute stage of myocardial infarction: a landmark analysis from the French registry of Acute ST-elevation and non-STelevation myocardial infarction (FAST-MI) registry[END_REF]. By contrast, CS in nonischemic cardiomyopathy is less studied raising concerns about different prognosis and specific management [START_REF] Berg | Epidemiology of shock in contemporary cardiac intensive care units data from the critical care cardiology trials network registry David[END_REF][START_REF] Schrage | Patient characteristics, and outcome in non-ischemic vs. Ischemic cardiogenic shock[END_REF]. Furthermore, the relationship between VA and heart failure is still under debate [START_REF] Samuel | Ventricular tachycardia burden and mortality: association or causality?[END_REF]. Even if mounting evidence indicates that high VA burden seems closely linked to mortality and outcomes in many settings of chronic heart failure [START_REF] Powell | Survival after shock therapy in implantable cardioverter-defibrillator and cardiac resynchronization therapydefibrillator recipients according to rhythm shocked. The ALTITUDE survival by rhythm study[END_REF][START_REF] Williams | Understanding implantable cardioverter-defibrillator shocks and mortality: on trial[END_REF][START_REF] Vallabhajosyula | Burden of arrhythmias in acute myocardial infarction complicated by cardiogenic shock[END_REF], their significance in the context of CS remains unclear: whether the VA-triggered CS results in worse long-term outcomes than the non-VA-triggered one is not established [START_REF] Santos | Sustained ventricular tachycardia in cardiogenic shock[END_REF].

Hence, the aim of this study was to compare 1-year outcomes between VA-triggered CS and non-VA triggered CS, based on the multicenter prospective FRENSHOCK registry.

Materials and methods

Patient population

As previously described [START_REF] Delmas | FRENSHOCK investigators. Design and preliminary results of FRENSHOCK 2016: a prospective nationwide multicentre registry on cardiogenic shock[END_REF], FRENSHOCK is an observational, prospective, multicenter registry, including 772 patients admitted for CS between April and October 2016 in ICU/ICCU in France. All institutions were invited to participate, including university hospitals, general and regional hospitals, public and private hospitals (ICCUs, surgical ICUs, medical ICUs, and general ICUs).

All adult patients (_18 years old) with CS were prospectively included in this registry if they met at least one criterion of each of the following three components: (1) Low cardiac output: low SBP < 90 mmHg and/or the need for maintenance with vasopressors/inotropes and/or a low cardiac index < 2.2 L/min/m2; (2) Left and/or right heart filling pressure elevation, defined by clinical signs, radiology, blood tests, echocardiography, or signs of invasive hemodynamic overload and (3) Signs of organ mal-perfusion, which could be clinical (oliguria, confusion, pale and/or cold extremities, mottled skin) and/or biological (lactate > 2 mmol/L, metabolic acidosis, renal failure, liver insufficiency).

For each patient, investigators were invited to identify one to three triggers among the following: ischemic (type 1 or 2 AMI), mechanical complications (valvular injury, ventricular septal defect), ventricular and supraventricular arrhythmia, severe bradycardia, iatrogenesis (medication induced), infections, nonobservance of previous medication. Underlying cardiopathy was considered ischemic in the presence of at least one culprit lesion hemodynamically significant on coronary angiography (stenosis, thrombosis). VA-triggered CS status was defined by the managing physician.

Data collection

First, general data on cardiological history (heart disease, previous ICD), coexisting conditions (kidney or pulmonary disease, cancer), risk factors (smoking status, hypertension, dyslipidemia, diabetes mellitus), treatments (including antiarrhythmic drugs) were recorded. Clinical, biological and echocardiographic data were collected at admission and 24 h. Clinical assessment included blood pressure, heart rate, sinus rhythm, signs of left and/or right heart failure, mottling, cardiac arrest. Biological data included bilirubin and creatinine levels, serum electrolytes, prothrombin time, hemoglobin, arterial blood gases and arterial lactate, Creactive protein, troponin, BNP/Nt-proBNP. Echocardiographic evaluation mandatorily included left ventricular ejection fraction (visual evaluation or biplane Simpson's method), presence of pericardial effusion and severe valvulopathy (defined as grade IV), in addition to which parameters such as TAPSE or S wave were often described.

Data on CS management included pharmacological treatment at admission, at discharge and at 1 year (catecholamines, beta-blockers, diuretics, ACEi, ARB, MRA, sacubitril/valsartan, antiarrhythmic), organ replacement therapies such as mechanical ventilation (invasive and/or non-invasive), short-term circulatory support (IABP, extracorporeal membrane oxygenation, ImpellaR ) and renal replacement therapy.

Outcomes

Short and long-term outcomes, including all-cause mortality, heart transplantation or ventricular assist devices (VAD), were assessed at 1 month and 1 year. The primary end point was 1-year all-cause mortality. Secondary end points included 1-month all-cause mortality, need for heart transplantation or VAD, rate of re-hospitalizations, and the composite of death, heart transplantation or VAD. We investigated the cause of death in the VA group, distinguishing four possibilities (end-stage heart failure, sudden cardiac death or recurrence of intractable VA, other, unknown). Further comparisons were made between ischemic and nonischemic cardiomyopathy, as well as between patients presenting with acute and chronic coronary syndromes. When done, VA catheter ablation [START_REF] Cronin | HRS/EHRA/APHRS/LAHRS expert consensus statement on catheter ablation of ventricular arrhythmias[END_REF] and myocardial revascularization [START_REF] Neumann | ESC/EACTS guidelines on myocardial revascularization[END_REF] were performed according to the current techniques.

Ethics

The study was conducted in accordance with guidelines for good clinical practice and French law. Written consent was obtained for all patients. Recorded data and their storage were approved by the CCTIRS (French Health Research Data Processing Advisory Committee) (no 15.897) and the CNIL (French Data Protection Agency) (no DR-2016-109).

Statistical analysis

Continuous variables are reported as means (SD) or medians and interquartile ranges (IQR) when appropriate. Categorical variables are described in numbers and percentages. Comparisons were made using Mann Whitney non-parametric test for continuous variables and chi-square test or Fisher's exact test for categorical variables. Allcause mortality was assessed using Kaplan-Meier curves, and Cox proportional hazards models were used to determine the HR and 95% confidence interval (CI) for mortality. Log-rank test was carried out to compare survival between groups. An additional propensity score matching analysis was performed with the greedy nearest neighbor algorithm (6:1 ratio) using a multivariable logistic regression model including five covariates (age, sex, history of ischemic heart disease, LVEF +/-40% at admission, previous ICD) that were prognostically important for the outcome and to minimize confounding factors. A second comparison was made in VA-triggered CS group between ischemic and non-ischemic VA. Analysis were performed using R software [version 4.1.2 (2021-11-01)]. A p value < 0.05 was considered statistically significant.

Results

Overall population

Seven hundred seventy-two patients with CS were included in 49 centers, of which 3 were excluded for missing data (Graphical Abstract). Among the 769 patients, 94 were VAtriggered (12.2%). Table 1 summarizes baseline characteristics. Mean age was 65.8+/-14.8 years, with a predominance of men (71.4%). 56% were already known for previous cardiac history (29.9% ischemic and 1% dilated) and cardiovascular risk factors were frequent (respectively, 47.3, 36.1, 28.3, and 27.8% for hypertension, dyslipidemia, diabetes, and current smoking). Ongoing long-term therapies for previous heart failure were common at admission (respectively, 41.1, 37.9, and 13.8% for beta-blockers, ACEi/ARB and aldosterone antagonist). Long-term antiarrhythmic drug therapies (essentially amiodarone) were noted in 17.4% of them. 

As reported in

CS presentation and evolution at 24 h according to VA and non-VA groups

At admission, VA and non-VA triggered CS groups were similar regarding to age, sex, medical history or ongoing medication (Table 1). Only vitamin K antagonist was more frequent in the non-VA group (22.4 vs. 12.8%, p = 0.04).

Among the 675 non-VA triggered CS patients, main additional triggers were ischemic (32%), supra-ventricular tachycardia (14.8%), and infections (13.5%). By contrast, among the 94 VA-triggered CS patients, other most frequently associated triggers were ischemia (42.6%), mechanical complications (5.3%) and conduction disorders (5.3%) without statistical significance (Supplementary Table 1). 2) and 24 h (Supplementary Table 2) except a higher rate of cardiac arrest and a lower rate of sinus rhythm in the VA-triggered group (respectively, 29.8% vs. 7.4%, p < 0.01 and 34 vs. 54.6%, p < 0.01). Non-VA triggered CS patients presented with higher initial Nt-proBNP and CRP (respectively, 10,763 vs. 5,360 pg/ml, p < 0.01 and 29 vs. 15 mg/L, p < 0.01), higher creatinin and poorer prothrombin time at 24 h (respectively, 129 vs. 106 mmol/L, p = 0.04 and 60 vs. 70%, p < 0.01).

Clinical presentation was similar between groups at admission (Table

Echocardiographic evaluation showed similar biventricular dysfunction between groups with 24.4% vs. 26.6% (p = 0.11) and 14.0 vs. 12.0 mm (p = 0.58) for LVEF and TAPSE, respectively, for VA and non-VA triggered groups.

In hospital management according to VA and non-VA groups Table 3 summarizes in hospital management. Inotropes were used in 89.8%, without difference between VA and non-VA groups (respectively, 86.2 vs. 90.3%, p = 0.21). Dobutamine was the most frequently used (82.2% overall, 76.6 vs. 83.0%, p = 0.13), whereas norephinephrine was given in 53.5% (60.6 vs. 52.5%, p = 0.14) and levosimendan in 7.5% (5.3 vs. 7.7%, p = 0.4). Invasive ventilation was more frequently needed for VA-triggered CS (51.1 vs. 36.1%, p < 0.01). Short-term mechanical circulatory support needs were similar between groups for all categories, with 7.5 vs. 6.1% (p = 0.78) for IABP, 2.1 vs. 3.6% (p = 0.76) for ImpellaR and 17 vs. 10.1% (p = 0.07) for ECLS. Renal replacement therapy was also equally used in the two groups (13.8 vs. 16.2%, p = 0.67).

Antiarrhythmic therapy

All data related to anti-arrhythmic management are reported in Table 4. During initial care, data revealed similar use for all antiarrhythmic drugs, including amiodarone, betablockers and class 1 antiarrhythmic.

Twenty-four hours after admission, amiodarone (51.9 vs. 30.9%, p < 0.01) and others antiarrhythmic drugs (class 1 or sotalol) (15 vs. 6.9%, p = 0.02) were more frequently used in the VA group, unlike Beta-blockers (18.1 vs. 13.2%, p = 0.23).

At discharge as at 1 year, no difference was shown about the use of any antiarrhythmic drug.

An ICD had been previously implanted in 14.9% for the VA group and 16.8% for the non-VA group (p = 0.65). Within 1 year after CS, ICD implantation was required for 11.8% of the VA-group against 4.1% for the non-VA group (p < 0.01). VA catheter ablation was performed for 13 patients of the VA group and 3 of the non-VA group because of occurrence of VA after admission in this group (14 vs. 0.5%, p < 0.01).

Short and long-term outcomes

The Table 3 and Figure 1 show the absence of between-group difference in early or longterm all-cause mortality (26.6 vs. 25.8% and 42.6 vs. 45.3%, respectively, at 1-month and 1year for VA and non-VA groups) nor in terms of 1-year rehospitalization (47.7 vs. 44.6% for VA and non-VA groups). LVEF at discharge was lower in the non-VA group (34.5 vs. 38.8%, p = 0.04) but VA-triggered CS resulted in more heart transplantation or need for VAD at one year compared to non-VA (17 vs. 9%, p = 0.02) (Table 3). The matched cohort included 658 patients (respectively, 94 and 564 for VA-and non-VA groups), with good balance between groups [all standardized mean differences below 0.1 after matching (Supplementary Tables 3,4)], and did not show mortality difference, neither at 1 month [26.6 vs. 25.2%, HR 0.91 (95% CI 0.72-1.68), p = 0.67], nor at 1 year [42.6% vs. 44%, HR 0.98 (95% CI 0.70-1.37), p = 0.89] (Supplementary Figure 1).

VA-triggered cardiogenic shocks

Among the 94 VA-triggered CS, 40 (42.6%) revealed at least one unknown culprit lesion on coronary angiography, respectively, located on LAD, RCA, LMCA, and LCX for 20 (50%), 10 (25%), 7 (17.5%), and 1 (2.5%) (2 unknown). Culprit lesion's revascularization was performed for 36 (90%). At baseline, history of ICD implantation (25.9 vs. 0%, p < 0.01) and beta-blockers (53.7 vs. 22.5%, p < 0.01) were more frequently encountered for non-ischemic VA-triggered CS. Other baseline characteristics were similarly distributed (Supplementary Table 5).

While clinical and echocardiographic parameters were similar, biological presentation of the non-ischemic VA triggered CS appeared worse, with higher median levels of creatinine (138 vs. 115 mmol/L, p = 0.03), bilirubin (21 vs. 12, p < 0.01) and NtproBNP (6,787 vs. 1,520 pg/ml, p = 0.046) and lower PT (53.5 vs. 71%, p < 0.01) (Supplementary Table 5). All clinical, biological and echocardiographic data 24 h after admission are reported in Supplementary Table 6.

Survival analyses did not show difference of all-cause mortality at 1 month [30% vs. 24.1%, HR 0.76 (95% CI 0.35-1.67), p = 0.5] and 1 year [42.5 vs. 42.6%, HR 0.97 (95% CI 0.52-1.81), p = 0.92] (Figure 2) between ischemic and non-ischemic groups. At 1 year, heart transplantation or VAD were needed for 14 patients (25.9%) of the non-ischemic group versus 2 (5%) of the ischemic group (p = 0.02) (Supplementary Table 7). 1-year rehospitalizations rate was similar (45.9 vs. 49.0%, p = 0.95).

All data relating to in-hospital management and antiarrhythmic drugs are reported in Supplementary Tables 7,8.

Among the 94 patients of the VA-group, 40 died at 1 year: death cause was available for 30 of them. 15 (50%) died because of end-stage heart failure, 11 (36.7%) because of other lifethreatening conditions (sepsis, neoplasia, etc.) and 3 (13.3%) due to sudden cardiac death or recurrence of intractable VA.

Additional analyses showed no difference in 1-month or 1-year all-cause mortality when VA triggered CS patients with acute ischemia were compared to remaining patients with stable ischemic heart disease (Supplementary Figure 2). However, there was a trend toward a poorer outcome in patients with acute ischemia defined by elevated troponin (with a threshold value of 10 mUI/L for standard troponin I, 200 mg/L for high sensitivity troponin I, and 2,000 ng/mL for high sensitivity troponin T) even if it did not reach statistical significance (Supplementary Figure 3 and Supplementary Table 9).

Discussion

To the best of our knowledge, FRENSHOCK is the largest European prospective, observational, multicenter registry on CS, representing a real-world cohort from a broad spectrum of etiologies. Even though VA is a well-known trigger of CS, only few studies have compared their long-term outcomes to other triggers. To date, this is the largest series analyzing such a great number of CS managed in routine practice and enabling to distinguish VA-triggered CS from others.

Primary endpoint of 1-year all-cause mortality did not show any difference between VA and non-VA triggered CS. This lack of difference could be linked to the poor outcomes, regardless the cause of CS (global all cause-mortality at 1-year of 42-44%). It might be also explained by many confounding factors which cannot be corrected in this registry. First, it was not certain if VAtriggered CS represented a homogeneous population (CS truly triggered by VA or bystander VA in presence of CS induced by other causes): if the second situation was frequent, then the lack of difference is not surprising. Second, the information of electrical storm as a trigger for CS was not available in this registry: since such patients should have been aggressively treated either by ablation or efficient medical therapy, it is thus also not surprising that outcome is not poorer, since electrical storm does not convey higher mortality when successfully treated [START_REF] Carbucicchio | Catheter ablation for the treatment of electrical storm in patients with implantable cardioverter-defibrillators[END_REF][START_REF] Vergara | Successful ventricular tachycardia ablation in patients with electrical storm reduces recurrences and improves survival[END_REF].

In the current study, VA-triggered CS resulted in more heart transplantation and VAD. Similarly, into the VA-triggered CS group, although no all-cause mortality difference was shown between ischemic and non-ischemic cardiomyopathies, underlying nonischemic heart disease resulted in more heart transplantation and ventricular assist devices.

Several hypotheses can be formulated to explain this trend. First, we hypothesized that patients from the VA-triggered group suffered from more severe pre-existing heart failure. However, rates of heart failure's long term pharmacological treatments (beta blockers, ACE and ARN inhibitors, MRA) were equally distributed between groups.

Moreover, even if gathering all non-VA triggers in a single group was intentionally made to avoid selection bias, it could generate a misclassification risk since it includes a wide range of etiologies (ischemic, myocarditis, sepsis, etc.) whose prognosis is sometimes radically different, as previously shown [START_REF] Delmas | Baseline characteristics, management, and predictors of early mortality in cardiogenic shock : insights from the FRENSHOCK registry[END_REF]. Further studies could target the prognosis of other frequent CS' triggers.

Hence, the more frequent need for heart transplantation or VAD in the VA group without mortality difference suggest considering the occurrence of life-threatening VA as a pejorative turning point in heart failure, indicating a progression through the stages of disease severity. A retrospective monocentric study [START_REF] Santos | Sustained ventricular tachycardia in cardiogenic shock[END_REF] directed on 222 patients (with 14 VT triggered CS) found similar results, emphasizing that even if VA can have a hemodynamic impact, it does not seem to increase early mortality. However, others reported that end-stage heart failure was the main cause of death after an electrical storm [START_REF] Ninni | Incidence and predictors of mortality after an electrical storm in the ICU[END_REF] which is consistent with our results considering all types of ventricular arrhythmia. That highlights that ventricular arrhythmia is a marker of advanced heart failure that could lead to discussion of advanced heart failure therapies like VAD and heart transplantation.

Other surveys focused on mortality prognosis factors in CS. First, the CardShock study [START_REF] Harjola | Clinical picture and risk prediction short-term mortality in cardiogenic shock[END_REF] identified short-term mortality prognosis such as prior CABG, etiology, confusion, previous myocardial infarction, blood lactate, LVEF, age and systolic blood pressure, which were all equally distributed between VA non-VA triggered CS in our study. Thereafter, the FAST-MI registry (8) revealed long term mortality prognosis such as age, diabetes mellitus or history of kidney disease, also fairly distributed between the two groups studied here.

Whether the ischemic nature of the underlying heart disease worsens the prognosis remains unclear. Indeed, while some studies found that non-ischemic CS was associated with higher mortality and use of catecholamines [START_REF] Schrage | Patient characteristics, and outcome in non-ischemic vs. Ischemic cardiogenic shock[END_REF], other showed up to four times higher risk of death for ischemic heart disease [START_REF] Narins | Arrhythmic and mortality outcomes among ischemic versus nonischemic cardiomyopathy patients receiving primary ICD therapy[END_REF][START_REF] Beiert | Increased mortality and ICD therapies in ischemic versus non-ischemic dilated cardiomyopathy patients with cardiac resynchronization having survived until first device replacement[END_REF]. These surveys considered CS regardless of the additional trigger and sometimes with differences in baseline characteristics between groups [such as BMI or sex ratio [START_REF] Beiert | Increased mortality and ICD therapies in ischemic versus non-ischemic dilated cardiomyopathy patients with cardiac resynchronization having survived until first device replacement[END_REF]]. In our study, when CS was triggered by VA, non-ischemic cardiomyopathy required more heart transplantation and VAD compared to ischemic cardiomyopathy, without all-cause mortality difference. In another study [START_REF] Zeppenfeld | Clinical outcomes in patients with dilated cardiomyopathy and ventricular tachycardia[END_REF], early VT recurrence after ablation in non-ischemic cardiomyopathy resulted in higher risk for mortality or heart transplantation, urging to screening for mechanical circulatory support or heart transplantation, consistent with our results. However, several elements, such as more frequent previous ICD or even the more common use of beta-blockers could indicate that the group of non-ischemic VA-triggered CS was made up with more severe pre-existing heart failure, which may partly explain their poorer outcomes.

Limitations

As previously described (3), the FRENSHOCK registry might be affected by selection bias related to non-consecutive inclusions or exclusion of the most severe cases. Moreover, the specific inclusion and exclusion criteria limit the applicability to all patients with CS. Another limitation to mention is that SCAI SHOCK Stage Classification was not used for the group classification, given that this score was not yet available at the time of the study [START_REF] Baran | SCAI clinical expert consensus statement on the classification of cardiogenic shock: this document was endorsed by the American college of cardiology (ACC), the American heart association (AHA), the society of critical care medicine (SCCM), and the society of thoracic surgeons (STS) in April 2019[END_REF]. From available data, we defined the ischemic status as the presence of at least one culprit lesion on coronary angiography. Nevertheless, we were unable to separate STEMI, NSTEMI, and chronic coronary syndrome, whereas it is established that each of them carries different prognosis [START_REF] Aissaoui | Long-term outcome in early survivors of cardiogenic shock at the acute stage of myocardial infarction: a landmark analysis from the French registry of Acute ST-elevation and non-STelevation myocardial infarction (FAST-MI) registry[END_REF].

Even if major bias existed in some coding and biological data in this registry, additional analysis also revealed that, when considering acute ischemia as elevated troponin at the time of CS (thresholds at 10 mUI/L for standard troponin I, 200 mg/L for high sensitivity troponin I, and 2,000 ng/mL for high sensitivity troponin T) patients had a trend toward poorer outcome compared to VA triggered CS in stable ischemic heart disease, without reaching statistical significance. This seems surprising since VA in the setting of acute ischemia are not known to be a risk factor for the occurrence of late events. Confounding parameters probably explain this paradox, and especially elevated troponins could reflect more severity of CS and not only the cause.

The benefit of catheter ablation in electrical storm has already been demonstrated, proving its superiority to medical therapy in reducing arrhythmic burden [START_REF] Carbucicchio | Catheter ablation for the treatment of electrical storm in patients with implantable cardioverter-defibrillators[END_REF][START_REF] Vergara | Successful ventricular tachycardia ablation in patients with electrical storm reduces recurrences and improves survival[END_REF][START_REF] Sapp | Ventricular tachycardia ablation versus escalation of antiarrhythmic drugs[END_REF][START_REF] Bella | Does timing of ventricular tachycardia ablation affect prognosis in patients with an implantable cardioverter defibrillator? Results from the multicenter randomized partita trial[END_REF][START_REF] Tung | First-line catheter ablation of monomorphic ventricular tachycardia in cardiomyopathy concurrent with defibrillator implantation: the PAUSE-SCD randomized trial[END_REF]. In our cohort, we don't have enough data about VA to sort them between electrical storm and single isolated episodes. Further studies could specifically focus on detailed characteristics of ventricular arrhythmia and their impact on long-term outcomes.

In our study, 13 of the 94 VA-triggered CS had an ablation procedure. Such a low rate can explained by different reasons. First, our study included many general hospitals in which facilities for carrying out an ablation are less developed. Moreover, the cohort was conducted in 2016, when this type of procedure was less common than today. Finally, we can assume that some patients did not necessarily need an ablation procedure, especially those with concomitant acute curable etiology (ACS, hypokalemia). Further studies could focus on the contribution of VA catheter ablation in advanced heart failure and the prospect of deferring transplantation or VAD in case of success.

Conclusion

Ventricular arrhythmia is a common trigger of CS, which remains associated with high mortality outcomes comparable to non-VA-triggered CS. By contrast, it resulted in more heart transplantation and VAD at 1 year, especially in nonischemic cardiomyopathy, suggesting the need for earlier evaluation by advanced heart failure specialized team for a possible indication of mechanical circulatory support or heart transplantation.

  

  

  

  

  

  

  

Table 2 ,

 2 mean SBP was 101.3 +/-25.2 mmHg, with mottling in 39%. Initial echocardiographic data revealed mean LVEF of 26.3 +/-13.4%, median TAPSE of 13mm[START_REF] Samuel | Ventricular tachycardia burden and mortality: association or causality?[END_REF][START_REF] Powell | Survival after shock therapy in implantable cardioverter-defibrillator and cardiac resynchronization therapydefibrillator recipients according to rhythm shocked. The ALTITUDE survival by rhythm study[END_REF][START_REF] Williams | Understanding implantable cardioverter-defibrillator shocks and mortality: on trial[END_REF][START_REF] Vallabhajosyula | Burden of arrhythmias in acute myocardial infarction complicated by cardiogenic shock[END_REF][START_REF] Santos | Sustained ventricular tachycardia in cardiogenic shock[END_REF][START_REF] Delmas | FRENSHOCK investigators. Design and preliminary results of FRENSHOCK 2016: a prospective nationwide multicentre registry on cardiogenic shock[END_REF][START_REF] Cronin | HRS/EHRA/APHRS/LAHRS expert consensus statement on catheter ablation of ventricular arrhythmias[END_REF] and median PSVtdi of 8 cm/s[START_REF] Thiele | Management of cardiogenic shock[END_REF][START_REF] Vahdatpour | Cardiogenic shock[END_REF][START_REF] Aissaoui | Long-term outcome in early survivors of cardiogenic shock at the acute stage of myocardial infarction: a landmark analysis from the French registry of Acute ST-elevation and non-STelevation myocardial infarction (FAST-MI) registry[END_REF][START_REF] Schrage | Patient characteristics, and outcome in non-ischemic vs. Ischemic cardiogenic shock[END_REF][START_REF] Samuel | Ventricular tachycardia burden and mortality: association or causality?[END_REF][START_REF] Powell | Survival after shock therapy in implantable cardioverter-defibrillator and cardiac resynchronization therapydefibrillator recipients according to rhythm shocked. The ALTITUDE survival by rhythm study[END_REF].
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