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Text Introduction

Efficacy of implantable cardioverter-defibrillators (ICD) for primary prevention of sudden cardiac death (SCD) has been well established through a number of large randomized trials, providing consistent results. [START_REF] Moss | Multicenter Automatic Defibrillator Implantation Trial II Investigators, Prophylactic implantation of a defibrillator in patients with myocardial infarction and reduced ejection fraction[END_REF][START_REF] Bardy | Sudden Cardiac Death in Heart Failure Trial (SCD-HeFT) Investigators, Amiodarone or an implantable cardioverterdefibrillator for congestive heart failure[END_REF] Current American and European guidelines (ACC/AHA/ESC) for the management of heart failure state that "ICD therapy is recommended (…) in selected patients (…) who have reasonable expectation of meaningful survival for more than 1 year" [START_REF] Yancy | American College of Cardiology Foundation, American Heart Association Task Force on Practice Guidelines, 2013 ACCF/AHA guideline for the management of heart failure: a report of the American College of Cardiology Foundation/American Heart Association Task Force on Practice Guidelines[END_REF] or "who are expected to survive for at least 1 year with good functional status". [START_REF] Priori | ESC Guidelines for the management of patients with ventricular arrhythmias and the prevention of sudden cardiac death: The Task Force for the Management of Patients with Ventricular Arrhythmias and the Prevention of Sudden Cardiac Death of the European Society of Cardiology (ESC). Endorsed by: Association for European Paediatric and Congenital Cardiology (AEPC)[END_REF] Indeed, the competing risk between arrhythmic sudden cardiac death and non-arrhythmic death could potentially reduce the utility of the ICD, more so, as the average age of patients hospitalized for heart failure is 70 or 80 years with frailty and frequent concomitant comorbidity; thereby probably leading to some futile ICD implantations. [START_REF] Bui | Epidemiology and risk profile of heart failure[END_REF][START_REF] Escande | Outcomes in Guideline-Based Versus Off-Guideline Primary Prevention Implantable Cardioverter-Defibrillator Recipients[END_REF] That being said, accurately identifying subjects at high risk of early mortality is challenging.

One-year mortality after ICD implantation ranges from 11 to 30% according to different studies [START_REF] Bui | Epidemiology and risk profile of heart failure[END_REF] and no criteria have been clearly described to identify high risk patients.

We therefore aimed to describe factors predicting early (≤1 year) mortality among primary prevention ICD recipients in a large, contemporary, real-world French cohort.

Methods

Population

The present analysis is part of the "Defibrillateur Automatique Implantable-Prevention Primaire" (DAI-PP) Program, a multicenter, observational study that enrolled consecutive ICD recipients from 1 January 2002 to 31 December 2012. [START_REF] Escande | Outcomes in Guideline-Based Versus Off-Guideline Primary Prevention Implantable Cardioverter-Defibrillator Recipients[END_REF][START_REF] Algalarrondo | Prophylactic implantable cardioverter defibrillators for primary prevention: From implantation to heart transplantation[END_REF][START_REF] Amara | Implantable cardioverterdefibrillator therapy among patients with non-ischaemic vs. ischaemic cardiomyopathy for primary prevention of sudden cardiac death[END_REF] The study was conducted according to the ethical principles stated in the Declaration of Helsinki, approved by the Institutional Review Board of each participating hospital, registered on ClinicalTrials.gov (NCT01992458), and data file declared to the French data protection committee (Commission Nationale Informatique et Liberté, CNIL, N°913203).

Patients with either ischemic, or non-ischemic cardiomyopathy, receiving an ICD for the primary prevention of SCD were included. Exclusion criteria were secondary prevention ICD implantations and patients with other etiologies (Brugada syndrome, hypertrophic cardiomyopathy …). Primary prevention was defined as no prior history of sudden cardiac arrest and/or ventricular tachycardia/ fibrillation. The choice of ICD type and device settings were left to the discretion of the operator.

As previously described, all variables at the time of the procedure were defined and categorized according to literature or common practice. [START_REF] Defaye | Dual-vs. single-chamber defibrillators for primary prevention of sudden cardiac death: long-term follow-up of the Défibrillateur Automatique Implantable-Prévention Primaire registry[END_REF][START_REF] Perrin | Does defibrillation testing influence outcomes after CRT-D implantation? A cause-of-death analysis from the DAI-PP study[END_REF][START_REF] Ascoeta | Impact of early complications on outcomes in patients with implantable cardioverter-defibrillator for primary prevention[END_REF] In addition to the New York Heart Association (NYHA) functional class, we noted the etiology of the underlying heart disease (ischemic or nonischemic cardiomyopathy). Patients were characterized at the time of ICD implantation. Ischemic cardiomyopathy (ICM) was defined as left ventricular ejection fraction (LVEF) <35% with a documented lesion (stenosis >70%) in at least one of the three main coronary arteries, with or without a history of myocardial infarction and/or revascularization. To classify patients as nonischemic cardiomyopathy, coronary artery disease had to be excluded on coronary angiography. Glomerular filtration rate (GFR), was estimated with the Cockroft-Gault formula and categorized in two categories (≥60 and <60 mL/min); QRS duration was categorized as <120, ≥120 and <150 ms and ≥150 ms. Left ventricular ejection fraction (LVEF) documented during the last 3 months before ICD implantation was collected. Atrial fibrillation (AF) was defined as a history of AF (paroxysmal or persistent), documented on ECG or 24-hour Holter monitoring. Co-morbidities were systematically collected: cancer, chronic obstructive pulmonary disease, chronic renal failure, chronic liver disease, history of transient ischemic neurological attack, and others (including diabetes mellitus). Medication was also collected at baseline.

Patient follow-up and clinical outcomes

Occurrence of death within the first year of implantation was the assessed outcome. Vital status data were obtained from the hospital or the general practitioner and were systematically corroborated through the French National Institute for Statistics and Economic Research. Causes of death were obtained on Medical Causes of Death (CépiDc-INSERM). The CépiDc-INSERM is an academic public institution focused on the analysis of circumstances and causes of death documented with death certificate and medical records. Causes of deaths were adjudicated by 2 investigators according to the following classification: SCD, cardiovascular non-SCD (including progressive heart failure death and stroke), non-cardiovascular death, ICD complication related death, and "unknown" when the available information did not enable the investigators to appropriately identify the cause of death.

All detected ICD therapies were collected and classified as appropriate or inappropriate.

Appropriate ICD therapy was defined as the successful termination of a sustained ventricular tachycardia or ventricular fibrillation episode by single or multiple shocks, antitachycardia pacing or both.

Peri-operative complications were defined as those that appeared before discharge and early complications were defined as those that appeared during the first 30 days after device implantation. They included lead dislodgment, bleeding or hematoma, sepsis, cardiac tamponade, pneumothorax, and death.

Statistical analysis

Preparation of this report was carried out in accordance with the STrengthening the Reporting of Observational studies in Epidemiology (STROBE) statement. Data are summarized using mean (SD) or median (Q1-Q3) for continuous variables when appropriate and n (%) for categorical variables. Comparisons between groups were performed using Student's t-test or Mann-Whitney test for quantitative variables and using a chi-square test for qualitative variables. The Cox proportional hazard model was used to identify variables independently associated with a survival ≤1 year and significant covariates (P<20%) in univariate analysis entered a stepwise multivariate regression. The model was initially adjusted for the following variables: age, sex, NYHA class, LVEF, atrial fibrillation, early complications and device types (single chamber, dual chambers or CRT devices). Kaplan-Meier curves of survival rate across patients according to the number of risk factors were plotted and compared using the log-rank test and the C-statistic was computed. For all analyses, a two-tailed P-value <0.05 was considered statistically significant. All analyses were performed at the Paris Epidemiology Unit of the Cardiovascular Research Centre of the French Institute of Health and Medical Research using SAS 9.4 (Statistical Analysis System, Cary, NC, USA).

Results

Population characteristics at baseline and follow-up

Overall, among the 5,539 patients enrolled in the program, survival status at 1 year was known for a total of 5,457 primary prevention ICD recipients. For the whole population, mean age was 62.5 ± 11years, and 84.9% of patients were male. A total of 3,304 patients (60.2%) presented with ischemic cardiopathy and median ejection fraction was 25 [22; 30] %. 1,258 (22.9%) patients were implanted with single-chamber ICD, 1,280 (23.3%) with dual-chamber ICD, and 2,952 (53.8%) had cardiac resynchronization therapy associated with ICD.

Mean follow-up was 3.1 ± 2.2 years. Amongst the 5,457 patients included for analysis, 230 (4.2%) patients died within the first year following ICD implantation vs. 596 [3.52 per 100 person-years] subsequently. Baseline characteristics of patients according to the 1-year vital status are listed in Table 1. When compared to patients who survived more than 1 year, patients who died within the first year following ICD implantation were older, were more likely to be NYHA class III-IV (48% vs. 74%, P<0.0001), had lower LVEF, longer QRS duration, higher rate of atrial fibrillation, lower renal function, were more likely to have a concomitant respiratory failure and to receive a cardiac resynchronization therapy (Table 1).

Follow-up and survival analysis

Peri-operative complications were more common in patients who died early compared to those who did not (18.3 vs. 13.2% respectively; P=0.03) (see Table 2). In the same way, sepsis after implantation was more frequent in the group of patients who died within the first year of implantation compared to those who did not (5.1 vs. 2.7% respectively; P=0.04).

Causes of death were similar in the two groups, with the leading cause of death being related to terminal heart failure (52% in the group with early mortality vs. 48% in the other group).

Patients who died early had less appropriate and inappropriate ICD therapies than patients who lived >1 year after ICD implantation (respectively 14 vs. 23%; P=0.004 and 2 vs. 7%; P=0.009).

Similarly, the rate of appropriate schocks was 281.86 (171.37 ; 392.344) per 1000 person-years for patients with early mortality vs. 75.56 (70.91 ; 80.22) per 1000 person-years for the patients who lived longer (p<0.0001 between the two groups).

Prediction of 1-year mortality after implantation

In multivariate analysis, the following factors were independently and significantly associated with early mortality: age ≥70 years, NYHA class III-IV and atrial fibrillation (see Table 3). The 1-year survival following ICD implantation was 98.34% for patients with no risk factors and decreased significantly according to the number of the preoperative risk factors, up to 87.27% for patients with all 3 risk factors (see Figure 1; log-rank, P<0.0001). The C-statistic of the score to predict the early mortality was 0.68. Finally, the DAI-PP registry was also used to develop the ScREEN score, a multivariate tool that ranged from 0 to 5 and that was able to predict higher CRT response and survival as it increased. [START_REF] Providencia | Usefulness of a clinical risk score to predict the response to cardiac resynchronization therapy[END_REF] When the early mortality was calculated for each value of the ScREEn score, it appeared that early mortality decreased progressively as the ScREEN score increased, that is to say for the highest expected rate of CRT response (see the e-Table 1). For the CRT-D population, the C-statistic of the ScREEN score for discriminating early mortality was 0.647. In this specific population, the discrimination of the early mortality score was slightly lower (C-statistic: 0.603). However, if we compare the 2 scores in the population of patients with single or dual chamber ICDs, ScREEN performed worse than the early death score (C-statistics were respectively 0.616 for the ScREEN score and 0.659 for the early death score).

Discussion

In this large, real world observational study of primary prevention ICD recipients, 4.2% of the patients died within the first year following ICD implantation. Early mortality was especially high for patients with older age, advanced NYHA class and atrial fibrillation. Thus it may be possible to identify patients less likely to benefit from primary prevention ICDs due to high competing risk for early mortality.

Avoiding ICD implantation in subjects at risk of early mortality

The 1-year death rate found in our series was comparable to those previously reported in the ICD arm of major randomized trials: 5% for MADIT, 6% for SCD-Heft and 8% for MADIT-II. [START_REF] Bardy | Sudden Cardiac Death in Heart Failure Trial (SCD-HeFT) Investigators, Amiodarone or an implantable cardioverterdefibrillator for congestive heart failure[END_REF][START_REF] Moss | Multicenter Automatic Defibrillator Implantation Trial II Investigators, Prophylactic implantation of a defibrillator in patients with myocardial infarction and reduced ejection fraction[END_REF] This suggests that even in real world settings, ICD candidates are highly selected based on favorable clinical profile, from the general population of patients suffering from heart failure. We found that early mortality was associated with older age, advanced NYHA class and atrial fibrillation. Nevertheless, these factors might change as patient populations selected for ICD implantation continue to evolve over time and with advances in heart failure medical therapy. [START_REF] Allen | Council on Cardiovascular Surgery and Anesthesia, Decision making in advanced heart failure: a scientific statement from the American Heart Association[END_REF] Our results confirm previous studies that challenged the usefulness of ICD implantation in patients with advanced NYHA class or older age [START_REF] Santangeli | Meta-analysis: age and effectiveness of prophylactic implantable cardioverter-defibrillators[END_REF], but we also report that presence of a single prognostic factor affected survival only in a very modest way. Conversely, there was a cumulative effect of each comorbidity on survival, which strengthens the need for comprehensive evaluation and shared decision-making in this patient population. [START_REF] Allen | Council on Cardiovascular Surgery and Anesthesia, Decision making in advanced heart failure: a scientific statement from the American Heart Association[END_REF] Finally, even in this large cohort, there was no single powerful clinical feature predicting early mortality after ICD implantation as only 12.7% of patients having all the 3 risk factors died within the first year following ICD implantation.

Comparison to previous studies

Our results could be compared with those of previous studies that addressed the question of predicting early deaths in primary prevention ICD candidates. e-Table 2 summarizes the main findings of these two studies and ours. In 2012, Kramer and colleagues first built a risk score to identify patients at risk of death early after ICD implantation in a population of 2,717 ICD recipients. [START_REF] Kramer | Development and validation of a risk score to predict early mortality in recipients of implantable cardioverter-defibrillators[END_REF] Of note, their study population was more heterogeneous than ours, as 25.3% of the patients were implanted for secondary prevention of SCD and thus were potentially more prone to experience recurrences of arrhythmic events and appropriate ICD therapies. The following factors were found to predict early mortality: peripheral arterial disease, age >70 years, creatinine >2.0 mg/dL, and ejection fraction <20%. In another study, Kraaier et al developed and externally validated a 4-variable score, incorporating glomerular filtration rate <30ml/mn/1.73m 2 , age (≥75 years), LVEF ≤ 20% and history of atrial fibrillation, that aimed to identify patients at high risk of early death among prophylactic ICD candidates. [START_REF] Kraaier | Early mortality in prophylactic implantable cardioverterdefibrillator recipients: development and validation of a clinical risk score[END_REF] By applying their score, they identified a subset of patients with high mortality rate (38.9% in the prediction cohort and 46.3% in the validation cohort). Although their one-year mortality rate was more than threefold compared to our high-risk group (12.7%), the diagnostic accuracies of all these scores have been low (positive predictive values < 50%) and therefore cannot be readily recommended for use in daily practice to contraindicate ICD implantation for the identified patients.

The residual risk of early mortality after ICD implantation

The abovementioned risk factors for early mortality notwithstanding, there is still likely to be some residual risk for early death even among well selected candidates for ICD implantation. The fact that early mortality rates have been largely consistent across studies reflects to some extent an element of non-modifiable risk for death within the first year after ICD implantation which may not be possible to completely eliminate. Nevertheless, this probably impacts only a small proportion of the overall population eligible for ICD implantation and careful candidate selection based on clinical profile can maximize the impact of the ICD.

Limitations

This study is one of the largest to address risk for early mortality after ICD implantation; however, some limitations need be mentioned. Mortality and risk factors were assessed in a population already selected for ICD implantation which would have relatively lesser comorbidity.

Therefore, it would be interesting to study not only ICD recipients but all potential ICD candidates, that is to say all-comers patients having a reduced ejection fraction, to have an overall picture and risk assessment for early death. Secondly, the retrospective feature of this study did not allow collection of specific data that may help refine risk prediction such as N-terminal pro brain natriuretic peptide or co-morbidities.

Conclusions

Using a large real-world population, we describe factors predicting mortality occurring during the first year after ICD implantation. Clinical selection for primary prevention ICD implantation for heart failure in contemporary real-world practice seems largely appropriate with <5% mortality within the first year. Elderly patients (≥70 years) with advanced NYHA class (III-IV) and atrial fibrillation appear to constitute a particularly high-risk group for early mortality and warrant careful decision-making in this scenario. 
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 1 Figure 1: Multivariate Kaplan-Meier curves of survival during the first year post ICD

Table 1 : Baseline characteristics comparison between patients who died within the first year following ICD implantation vs. patients who did not.

 1 

		Patients with	Patients with	
	Variables	survival	survival	P-value
		>1 year	≤1 year	
	Number of patients	N = 5227	N = 230	
	Age (year)	62.3 ± 11.2	66.9 ± 9.6	<0.0001
	Male sex	4428 (84.7)	205 (89.1)	0.07
	Ischemic cardiomyopathy	3111 (60.1)	145 (64.2)	0.22
	NYHA class:			
	I	460 (10.7)	7 (3.7)	
	II III	1788 (41.5) 1915 (44.5)	42 (22.1) 110 (57.9)	<0.0001
	IV	141 (3.3)	31 (16.3)	
	Chronic kidney disease	443 (11.17)	35 (24.65)	<0.0001
	Neoplasia	297 (7.49)	12 (8.45)	0.67
	Stroke	197 (4.97)	12 (8.45)	0.06
	Chronic respiratory	477 (12.03)		0.006
	failure		28 (19.72)	

Results are expressed as mean ± SD, median (IQR) or number of patients (%).

Table 2 : Follow-up comparison between patients who died within the first year following ICD implantation vs. patients who did not.
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	Variables	N	Patients with survival >1 year	Patients with survival ≤1 year	P-value
	Number of patients	5457	5227	230	
	Peri-operative complications	5143			
	Lead dysfunction		134 (2.72)	8 (3.57)	0.45
	Bleeding/Hematoma		241 (4.90)	8 (3.57)	0.37
	Sepsis		47 (0.96)	3 (1.34)	0.48
	Tamponade		4 (0.08)	0	1.00

Table 3 : Multivariate analysis of the preoperative variables significantly associated with a ≤ 1-year survival.
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				Number of patients	Early mortality
	Variables	HR (IC95%) P-value	n,(%)	prevalence (%)
		1.80 (1.34;		1617 (29.66)	6.12
	Age ≥70 years	2.43)	0.0001	
		2.74 (1.95;		2197 (48.89%)	6.42
	NYHA class III-IV	3.84)	<0.0001	
		1.53 (1.12;		1115 (24.00%)	6.28
	Atrial fibrillation	2.09)	0.008	

Table 4 : Main publications that studied the early mortality after ICD implantation (<1year) in primary prevention ICD candidates and that built a risk score.
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