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Introduction

Betablockers (BBs) are one of the first-line drug classes recommended to improve morbidity and mortality in patients with chronic heart failure (HF), with reduced left ventricular ejection fraction (LVEF). Data are mainly derived from studies performed in stable outpatients. Recently, the STRONG HF trial showed that an early introduction of full doses of guideline-directed drug treatment (BBs, renin-angiotensin blockers, and mineralocorticoid receptor antagonists) was feasible for patients admitted for acute HF (AHF), after stabilization [START_REF] Mebazaa | Safety, tolerability and efficacy of uptitration of guideline-directed medical therapies for acute heart failure (STRONGHF): A multinational, open-label, randomised, trial[END_REF]. However, no robust data are currently available to guide physicians on whether to keep/reintroduce these therapies in the cardiac care unit (CCU), especially after resolved cardiogenic shock (CS), or even what could be the ideal timing for reintroduction [START_REF] Mebazaa | Safety, tolerability and efficacy of uptitration of guideline-directed medical therapies for acute heart failure (STRONGHF): A multinational, open-label, randomised, trial[END_REF][START_REF] Bristow | Adrenergic Receptor Blockade in Chronic Heart Failure[END_REF][START_REF] Tamaki | Lower In-Hospital Mortality with Beta-Blocker Use at Admission in Patients with Acute Decompensated Heart Failure[END_REF]. Data on BB introduction following CS are very sparse and derived predominantly from the ischemic cardiomyopathy population, with no data regarding CS triggered by other etiologies [START_REF] Chatterjee | Early intravenous beta-blockers in patients with acute coronary syndrome-A meta-analysis of randomized trials[END_REF][START_REF] Lacoursiere | A Retrospective Review of Cardiogenic Shock Development in Patients with ST-Elevation Myocardial Infarction and Percutaneous Coronary Intervention Receiving Early Beta-Blockers[END_REF]. BBs remain contraindicated in states of hemodynamic instability at risk of cardiogenic shock because of their negative inotropic and chronotropic effects [START_REF] Mcdonagh | ESC Guidelines for the diagnosis and treatment of acute and chronic heart failure[END_REF][START_REF] Jondeau | Beta-blocker CONtinuation Vs. INterruption in patients with Congestive heart failure hospitalizED for a decompensation episode[END_REF]. Thus, most physicians are still reluctant to initiate early therapy in the most severe patients, mainly because of the risk of hemodynamic destabilization and its potential negative impact on patient outcomes. However, the early initiation of in-hospital BB therapy is generally well tolerated and results in a high rate of use after discharge at the recommended doses [START_REF] O'connor | Predictors of mortality after discharge in patients hospitalized with heart failure: An analysis from the Organized Program to Initiate Lifesaving Treatment in Hospitalized Patients with Heart Failure (OPTIMIZE-HF)[END_REF][START_REF] Gattis | Predischarge initiation of carvedilol in patients hospitalized for decompensated heart failure[END_REF]. Current guidelines are elusive regarding the best way to start BB therapy in patients hospitalized for AHF. They recommend an early (as soon as possible) introduction. That means with great caution and only when the patient is considered stabilized [START_REF] Mcdonagh | ESC Guidelines for the diagnosis and treatment of acute and chronic heart failure[END_REF]. However, it remains unclear when and how physicians should start administering BBs, resulting in great heterogeneity in the management of patients with more severe AHF [START_REF] Thiele | Management of cardiogenic shock[END_REF]. The current consensus is to continue treatment with BBs in patients who were previously taking them in the absence of hemodynamic instability, since it has been shown that dose reduction or discontinuation of BBs during AHF episodes may result in unfavorable outcomes [START_REF] Prins | Effects of Beta-BlockerWithdrawal in Acute Decompensated Heart Failure[END_REF].

Based on a large, unselected CS registry from all etiologies, we aimed to compare patients taking or not taking BBs and continuing or not continuing BBs 24 h after CS onset regarding baseline characteristics, associated management, and 1-month and 1-year outcomes.

Results

Baseline

Characteristics and CS Management According to the Intake of Betablockers at 24 h Of 772 patients, 79 patients were excluded from the current analysis due to missing data. Thus, 693 patients were enrolled: 95 in the BB group and 598 in the non-BB group (Figure 1). Their clinical characteristics are shown in Table 1. The mean age was 66 +/-14.6 years, with a predominance of men (71.4%).

The two groups did not differ in terms of the history of cardiomyopathy, the proportion of patients with an implantable cardioverter-defibrillator (ICD), and previous NYHA functional status. The BB group had more hypertension (60% vs. 45.5%, p = 0.01) and diabetes (37.9% vs. 26.6%, p = 0.03), while there was a higher prevalence of males in the non-BB group (73.9% vs. 55.8%, p < 0.01). However, patients in the BB group were taking more anticoagulants (both vitamin K antagonists and direct oral anticoagulants) (41.1% vs. 27.1%, p < 0.01) and loop diuretics (58.9% vs. 47.5%, p = 0.046).

There were no differences between the two groups in terms of major comorbidities nor differences for CS triggers (Table 1). Notably, there were no differences between the two groups in terms of supraventricular tachycardias (13.7% vs. 13.9%, p = 1.00) and ventricular arrhythmias (15.8% vs. 11.9%, p = 0.31) as triggers of CS.

Patients taking BB at 24 h had better LVEF (29.9 +/-13 vs. 26.1 +/-13, p < 0.01), lower lactates (2.2 (1.9-3.0) vs. 3 (2-5) mmol/L, p < 0.01), and better renal function (p = 0.01) but also higher SBP (108.2 +/-21 vs. 101.1 +/-25.6 mmHg, p < 0.01) at admission (Table 1).

In addition, BB patients were less frequently treated with inotropes/vasopressors (62% vs. 85% and 26.3% vs. 56.3%, respectively; p < 0.01 for both), invasive ventilation (15.8% vs. 39.2%, p < 0.01), and aMCS (9.5% vs. 18.8%, p = 0.03) (Table 2).

A trend of reduction in all-cause mortality, although not significant, was observed at 1 month (aHR = 0.61, 95% CI 0.34 to 1.1, p = 0.10) and at 1 year (aHR = 0.74, 95% CI 0.5 to 1.08, p = 0.12) for the BB group after adjustment for clinical and therapeutic severity factors of CS (Figure 2).

Betablockers Non-Discontinuation at 24 h

At admission, 286 patients were on BBs. A total of 223 discontinued BBs during the first 24 h, while 63 did not. The comparison of initial characteristics and CS triggers (shown in Supplementary Tables S1 andS2) showed no substantial differences between these two subgroups, except a greater proportion of males among patients who discontinued BBs (71.3% vs. 44.4%, p < 0.01). Notably, also in this case, there were no differences between the two groups in terms of supraventricular tachycardias (14.3% vs. 17.5%, p = 0.7) or ventricular arrhythmias (14.3% vs. 11.2%, p = 0.51) as CS triggers.

Moreover, patients who discontinued BBs during the first 24 h presented lower LVEF (26.3+/-13.4 vs. 30.2 +/-13.4, p = 0.03), poorer renal function (p = 0.02), and lower SBP at admission (99.1+/-26 vs. 106.7 +/-20.7 mmHg, p < 0.01). This group of patients was also more often treated with inotropes/vasopressors (85.1% vs. 58.7% and 51.4% vs. 22.2%, respectively; p < 0.01 for both) and invasive ventilation (31.5% vs. 12.7%, p < 0.01).

Patients who discontinued BBs at 24 h showed higher 1-month all-cause mortality (aHR = 2.32, 95% CI (1.09-4.96), p = 0.03) than those who continued with BBs (Figure 3), even after adjustment for CS severity factors. In addition, there was a trend toward an increase in 1-year all-cause mortality in patients discontinuing BBs (aHR = 1.55, 95% CI 0.96-2.49, p = 0.07).

Early Betablocker Introduction (<24 h)

Among the 407 patients without BBs at admission, the early introduction (</=24 h) of BB therapy involved 32 patients.

The two subgroups (early versus delayed BBs introduction subgroup) had similar CS triggers and clinical and management characteristics (Supplementary Tables S3 andS4). However, the patients in the early BB introduction subgroup were more likely to have diabetes (40.6 vs. 21.7%, p = 0.03). Notably, there were no differences between the two groups in terms of supraventricular tachycardias (12.5% vs. 11.7%, p = 0.78) and ventricular arrhythmias (18.8% vs. 12.3%, p = 0.28) as CS triggers.

Patients with early BB introduction showed lower blood lactate values (2 (1.7-2.9) vs. 3 (2-5) mmol/L, p = 0.047) and higher SBP values (111.2 +/-21.2 vs. 102.2 +/-25.3 mmHg, p < 0.01) at admission. In contrast, patients in the non-early BB introduction subgroup were more often treated with inotropes/vasopressors (84.8% vs. 31.3%, p = 0.03; 59.2% vs. 34.4%,p < 0.01, respectively) and with invasive ventilation (43.7% vs. 21.9%, p = 0.02). No differences were found between the groups in terms of a MCS use (18.8% vs. 20.3%, p =1.00).

After adjusting for clinical and therapeutic severity factors for CS, early BB introduction resulted in no difference in 1-month (aHR = 0.96, 95% CI 0.38-2.4, p = 0.93) or 1-year allcause mortality (aHR = 0.67, 95% CI 0.33-1.39, p = 0.28) between group (Figure 4).

Discussion

Based on the largest European prospective, observational, multicenter registry on CS from a wide spectrum of etiologies, we showed several points: (1) the use of BBs within 24 h of CS did not increase 1-month and 1-year all-cause mortality; (2) BB continuation in the early period of CS was not associated with increased short-and long-term mortality, but rather, BB discontinuation was associated with increased 1-month all-cause mortality; (3) early (</=24 h) BB introduction did not significantly improve prognosis but still had a positive trend; and (4) patients treated with BBs within 24 h of CS generally had less severe prior cardiomyopathy and less severe forms of CS.

Despite significant medical advances in recent years, the mortality rate of CS remains high, standing at 49.4% at 30 days, 60.4% at 1 year, and 62.5% in the long term (>/=2 years) [START_REF] Puymirat | Cardiogenic shock in intensive care units: Evolution of prevalence, patient profile, management and outcomes, 1997-2012[END_REF].

The benefits of BBs in chronic HF with reduced ejection fraction are well established [START_REF] Mcdonagh | ESC Guidelines for the diagnosis and treatment of acute and chronic heart failure[END_REF], and there is a strong consensus to continue BB treatment while patients undergo AHF to improve survival [START_REF] Jondeau | Beta-blocker CONtinuation Vs. INterruption in patients with Congestive heart failure hospitalizED for a decompensation episode[END_REF][START_REF] Butler | Beta-Blocker Use and Outcomes among Hospitalized Heart Failure Patients[END_REF][START_REF] Felker | Heart failure etiology and response tomilrinone in decompensated heart failure[END_REF][START_REF] Hernandez | Clinical Effectiveness of Beta-Blockers in Heart Failure[END_REF][START_REF] Fonarow | Influence of Beta-Blocker Continuation or Withdrawal on Outcomes in Patients Hospitalized with Heart Failure[END_REF][START_REF] Farmakis | In-hospital management of acute heart failure: Practical recommendations and future perspectives[END_REF][START_REF] Mebazaa | Recommendations on pre-hospital & early hospital management of acute heart failure: A consensus paper from the Heart Failure Association of the European Society of Cardiology, the European Society of Emergency Medicine and the Society of Academic Emergenc[END_REF]. Dose reduction or discontinuation of BBs in this setting has been shown to cause poor outcomes, and this should be limited to patients with refractory marked congestion, hemodynamic instability, major right ventricular failure, or severe renal impairment [START_REF] Prins | Effects of Beta-BlockerWithdrawal in Acute Decompensated Heart Failure[END_REF][START_REF] Metra | Should beta-blocker therapy be reduced or withdrawn after an episode of decompensated heart failure? Results from COMET[END_REF].

Over the years, evidence has also accumulated for patients with CS. However, to date, no solid data are available to guide physicians in initiating these therapies in patients with resolved CS, especially in ICU/CCU [START_REF] Mcdonagh | ESC Guidelines for the diagnosis and treatment of acute and chronic heart failure[END_REF]. The early initiation of BB therapy in patients with AMI and risk factors for CS does not appear to be associated with an increased risk of shock [START_REF] Lacoursiere | A Retrospective Review of Cardiogenic Shock Development in Patients with ST-Elevation Myocardial Infarction and Percutaneous Coronary Intervention Receiving Early Beta-Blockers[END_REF]. In a subgroup analysis of the DOREMI trial [START_REF] Di Santo | Impact of baseline beta-blocker use on inotrope response and clinical outcomes in cardiogenic shock: A subgroup analysis of the DOREMI trial[END_REF], patients receiving BBs 24 h prior to undergoing CS had fewer episodes of cardiac arrest and lower mortality in the early resuscitative period of CS, compared with those who did not receive BB treatment (despite this, these benefits were not maintained throughout the hospitalization, and there was no difference in mortality at discharge).

From a pharmacological point of view, the concomitant use of BBs and inotropic support could appear contradictory. However, in the setting of AHF patients requiring inotropic support, BBs have been shown to reduce the rate of vasopressor/inotrope-induced ventricular arrhythmias and the rates of premature ventricular contractions [START_REF] Mert | Effects of ivabradine and beta-blocker therapy on dobutamine-induced ventricular arrhythmias[END_REF]. Moreover, Böhm and colleagues showed in a multicenter, randomized, double-blinded study that in patients with AHF who required inotropes, BBs at admission and discharge resulted in lower mortality at 31 days [START_REF] Böhm | Beneficial association of _-blocker therapy on recovery from severe acute heart failure treatment: Data from the Survival of Patients with Acute Heart Failure in Need of Intravenous Inotropic Support trial*[END_REF]. Additionally, in a retrospective single-center study, Delmas and al. demonstrated a protective association between BBs at admission and long-term mortality in patients with CS [START_REF] Delmas | Predictive factors for long-term mortality in miscellaneous cardiogenic shock: Protective role of beta-blockers at admission[END_REF]. Finally, medically guided therapy for HF (including, of course, BBs) in CS survivors significantly reduced one-year mortality (in press).

In our study, we compared the patients taking or not taking BB at 24 h after the CS event. The two groups showed overlapping characteristics regarding major comorbidities, although patients in the BB group had more hypertension and diabetes, which are recognized strong predictors of mortality. Although the study could not answer why patients were previously taking BBs (e.g., heart failure, arrhythmias, myocardial infarction, etc.), no differences were found in terms of CS triggers between the two groups. In fact, the two groups of patients did not differ in terms of history of heart disease and CS triggers. However, it is noteworthy that patients without BBs at 24 h showed generally more severe clinical features than those taking BBs (worse LVEF, greater use of inotropes/vasopressors, invasive ventilation, and a MCS). BB use at 24 h was not associated with short-or long-term mortality. We did not show significant differences between groups in 1-month and 1-year all-cause mortality after adjustment but only positive trends (aHR = 0.61, 95% CI 0.34-1.1, p = 0.10 and aHR = 0.74, 95% CI 0.5-1.08, p = 0.12, respectively).

In this observational study, BB prescription at 24 h rather correlated with a modest shock grade, which is in line with the negation of the BB effect on mortality after adjustment for shock severity factors. Importantly, a protective role of BB continuation in the acute phase of CS is suggested here by the lower mortality at 1 month even after adjustment for CS severity factors (aHR 0.43, 95% CI 0.2-0.92, p = 0.03), in line with previous literature [START_REF] Di Santo | Impact of baseline beta-blocker use on inotrope response and clinical outcomes in cardiogenic shock: A subgroup analysis of the DOREMI trial[END_REF][START_REF] Delmas | Predictive factors for long-term mortality in miscellaneous cardiogenic shock: Protective role of beta-blockers at admission[END_REF][START_REF] Gattis | Clinical outcomes in patients on beta-blocker therapy admitted with worsening chronic heart failure[END_REF]. The explanations for this protective effect of BBs have not yet been fully elucidated. Underlying it could be an adrenergic rebound effect in response to abrupt BB discontinuation [START_REF] Prins | Effects of Beta-BlockerWithdrawal in Acute Decompensated Heart Failure[END_REF][START_REF] Koracevic | Beta blocker rebound phenomenon is important, but we do not know its definition, incidence or optimal prevention strategies[END_REF], damage to cardiac contractility [START_REF] Gorre | Beta-blockers: Focus on mechanism of action Which betablocker, when and why?[END_REF], or even increased sensitivity to endogenous (or exogenous) catecholamines [START_REF] Ross | Adrenergic hypersensitivity after beta-blocker withdrawal[END_REF][START_REF] Levy | Epinephrine Versus Norepinephrine for Cardiogenic Shock After Acute Myocardial Infarction[END_REF]. Such an analysis is beyond the scope of our study, and randomized clinical trials remain mandatory to address this issue. Nevertheless, BB continuation is associated with reduced mortality, supporting their use in patients with less severe disease.

Consistently, the early introduction (within 24 h) of BB therapy after CS was not associated with changes in both 1-month (aHR = 0.96, 95% CI 0.38-2.4, p = 0.93) and 1-year all-cause mortality (aHR = 0.67, 95% CI 0.33-1.39, p = 0.28). However, looking at the mortality curves, it seems that the introduction of BBs before discharge, rather than early introduction within 24 h, may have a strong positive impact on prognosis. This finding is in line with the literature, in which the intra-hospital use of BBs could help to achieve the cardioprotective effect of this class of drugs earlier and titrate optimal medical therapy with a prognostic impact on these patients at high risk of death.

Strengths and Limitations

Our work prospectively included 772 consecutive CS patients (the larger European cohort) from a broad spectrum of etiologies. In addition, we used a contemporary and pragmatic definition of CS that considerably strengthens our results. However, the more current SCAI SHOCK stage classification [START_REF] Naidu | SCAI SHOCK Stage Classification Expert Consensus Update: A Review and Incorporation of Validation Studies[END_REF] was not used for group classification, as this score was not available at the time of the study.

We acknowledge the following limitations. First, this was an observational study with its associated, well-known bias, but it reflects real-life practice in different settings based on many investigating centers and units. Real-world registries are an important source for exploring optimal medical treatments; nevertheless, the results from our analysis should be considered only as hypothesis-generating. Consistently, inclusion criteria were not too stringent to give a real-life picture of patients considered as presenting CS. We cannot exclude a bias with the recruitment of patients on the edge of CS as classically defined. This is not a real limitation regarding this work, as the discontinuation of patients considered in the continuum of the wide spectrum of patients admitted for AHF leading to CS remains a real concern in clinical practice. Second, this prospective analysis of FRENSHOCK lacks information on the achieved up-titrated drug doses and on guideline-directed medical therapy changes during follow-up. Third, we are unable to distinguish the type of BB used (e.g., bisoprolol, metoprolol, and propranolol), so the results are about a class effect and not about the specific drug. Fourth, the duration of BB therapy before hospitalization is not known, and the duration of BB therapy beyond the time of discharge was not collected. It is likely that in the group of patients who discontinued BBs, there are patients to whom BBs were introduced at hospital discharge or later during follow-up, which creates a confounding bias. In addition, we do not know the duration of pre-existing treatments, so our conclusions should be cautiously interpreted. Finally, although we attempted to assess the relationship between CS and post-hospital outcomes by adjusting for a broad range of clinical factors and treatments, the possibility of confounding by unmeasured covariates remains.

Materials and Methods

Patient Population and Data Collection

This was an ancillary analysis of the FRENSCHOCK registry, which is a prospective, observational, and multicenter registry (NCT02703038) conducted over a 6-month period in France between April and October 2016, including patients admitted for CS in the intensive care unit (ICU) and CCU at 49 centers in France, coming from all types of institutions (from primary to tertiary centers, both university and non-university, and public and private hospitals) [START_REF] Delmas | Design and preliminary results of FRENSHOCK 2016: A prospective nationwide multicentre registry on cardiogenic shock[END_REF][START_REF] Delmas | Baseline characteristics, management, and predictors of early mortality in cardiogenic shock: Insights from the FRENSHOCK registry[END_REF].

All patients (n = 772) presenting with CS were included if they met at least one criterion of each of the following: (1) low cardiac output: low systolic blood pressure (SBP) < 90 mmHg, the need for maintenance with vasopressors/inotropes, and/or a low cardiac index <2.2L/min/m 2 ; (2) left and/or right heart filling pressure elevation, defined using clinical signs, radiology, blood tests, echocardiography, or signs of invasive hemodynamic overload; and (3) signs of organ malperfusion, which could be clinical (oliguria, confusion, pale and/or cold extremities, and mottled skin) and/or biological (lactate > 2 mmol/L, metabolic acidosis, renal failure, and liver insufficiency). Patients could be included regardless of CS etiology and whether CS was present at admission or developed during their in-hospital course. Exclusion criteria were refusal to participate, shock from a non-cardiac origin, and post-cardiotomy CS.

For each patient, investigators had to specify one to three CS triggers among the following: ischemic (type 1 or 2 acute myocardial infarction (AMI)), mechanical complications (valvular injury or ventricular septal defect), ventricular and supraventricular arrhythmia, severe bradycardia, iatrogenesis (medication-induced), infections, and non-observance of previous medication.

Past medical history, ongoing treatments, and clinical, biological, and echocardiographic data were collected at admission and at 24 h, as previously described [START_REF] Delmas | Design and preliminary results of FRENSHOCK 2016: A prospective nationwide multicentre registry on cardiogenic shock[END_REF][START_REF] Delmas | Baseline characteristics, management, and predictors of early mortality in cardiogenic shock: Insights from the FRENSHOCK registry[END_REF]. In-hospital CS management (especially inotropes/vasopressors, mechanical ventilation, renal replacement therapy, and acute mechanical circulatory support (aMCS)) was also reported.

Study Endpoints and Follow-Up

The primary and secondary endpoints were all-cause mortality at 1 month and 1 year, respectively. The follow-up was completed on the last medical interview date, the last examination date, or the date when the outcome event occurred. At 1 month and at 1 year, follow-up was performed using the following sequential procedures: first, consult the registry office of the patient's birthplace for death certificates; next, contact the patient's general practitioner and/or cardiologist; and finally, contact the patient or their direct relatives.

Statistical Analysis

Continuous variables were presented as mean and standard deviation (SD) or medians and interquartile ranges (IQRs) when appropriate. Categorical variables were summarized in terms of counts and percentages. Comparisons of continuous variables between groups were performed with the Mann-Whitney non-parametric test. Categorical variables were compared with the chi-square test or Fisher's exact test when suitable. Paired data were analyzed with the Wilcoxon signed-rank test.

The main analysis was a comparison between CS patients with and without BB treatment after 24 h of management. To investigate other common scenarios, further analyses were conducted regarding non-discontinuation and early introduction of BBs at 24 h.

To determine independent predictors for each primary and secondary outcome, multivariate stepwise logistic regression analysis was performed. The covariates included in the model consisted of all baseline characteristics (age, sex ratio, body mass index, cardiovascular risk factors, comorbidities, New York Heart Association (NYHA) functional class, history of previous heart disease, medications, initial cardiac arrest, and sinus rhythm), as well as treatment modalities (diuretics, norepinephrine, epinephrine, dobutamine, renal replacement therapy, aMCS, and invasive and non-invasive ventilation), CS triggers (ischemic, mechanical complication, ventricular and supraventricular arrhythmia, infections, non-observance, and iatrogenesis), and markers of CS severity (LVEF >/=30%, lactates </= 4 mmol/L, and estimated glomerular filtration rate (eGFR)>/= 30 mL/min). First, the association between these characteristics and each outcome of interest was assessed using univariable logistic regression analyses. Thereafter, all significant independent predictors were integrated into multivariable analyses for each outcome and then reduced to only significant characteristics (p>/= 0.05). Finally, these significant characteristics were incorporated in multivariable models as fixed covariates for each adjusted outcome analysis. Significant risk factors were reported with their respective odds ratios (ORs) and 95% confidence intervals (CIs). The variance inflation factor was used to rule out multicollinearity among the variables. Primary and secondary outcomes were assessed using Kaplan-Meier time-to-event analysis, and Cox proportional hazards models were used to determine the adjusted hazard ratio (aHR), 95% CI, and p values.

Analyses were performed using R software (version 4.1.2 (2021-11-01)). Ap value < 0.05 was considered statistically significant.

Conclusions

In patients with CS from multiple etiologies, BBs were not associated with an increase in early all-cause mortality. By contrast, the discontinuation of BB therapy was associated with an increase in 1-month mortality and an increasing trend in 1-year all-cause mortality. Considering all of these data, the impact of BBs appears promising although challenging in CS patients. Some limitations (details on the drugs, durations, doses, etc.), however, prevent firm conclusions. These results support the proposal for a randomized clinical trial that could definitively provide answers on the management of betablockers in patients with cardiogenic shock.
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