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INTRODUCTION

Transcatheter aortic valve replacement (TAVR) procedure has become an indispensable treatment in selected symptomatic patients presenting with aortic stenosis [START_REF] Nishimura | AHA/ACC Focused Update of the 2014 AHA/ACC Guideline for the Management of Patients With Valvular Heart Disease: A Report of the American College of Cardiology/American Heart Association Task Force on Clinical Practice Guidelines[END_REF]. Conduction abnormalities following TAVR are commonly reported and may often require permanent pacemaker implantation (PPM), but little is known on its potential consequences on outcomes in this population [START_REF] Auffret | Conduction Disturbances After Transcatheter Aortic Valve Replacement: Current Status and Future Perspectives[END_REF]. Cardiac pacing is likely to reduce the risk of cardiac death related to severe bradycardia but may have deleterious effects on hemodynamic status and may also increase the risk of atrial fibrillation on a mid-term follow-up. We sought to evaluate outcomes associated with PPM after a TAVR procedure in the systematic analysis of a largescale population of such patients seen at a nationwide level.

METHODS

Data collection

All patients admitted with aortic stenosis in France from January 2010 to June 2019 were screened using the national administrative PMSI database, through The French Data Protection Authority, covering hospital care from the entire French population, and as previously described [START_REF] Nguyen | Implementation of Transcatheter Aortic Valve Replacement in France[END_REF][START_REF] Deharo | Impact of Sapien 3 Balloon-Expandable Versus Evolut R Self-Expandable Transcatheter Aortic Valve Implantation in Patients With Aortic Stenosis: Data From a Nationwide Analysis[END_REF]. The study was conducted retrospectively, with no impact on patients care. Data collection and management were approved by the Commission Nationale de l'Informatique et des Libertés, which ensures that all information remains confidential and anonymous, in compliance with the Declaration of Helsinki (authorization number 1897139).

Study population

From January 2010 to June 2019, a total of 520,662 patients with an age of 18 years or more were hospitalized with an aortic stenosis (ICD-10 codes: I350, I352, I060, and I062) as the principal (i.e., the health problem that justified admission to hospital), the related (i.e., potential chronic disease or health state during the hospital stay), or a significantly associated (i.e., comorbidity or associated complication) diagnosis. In this population, TAVR procedures were identified through one single procedure (CCAM code: DBLF001).

Information regarding demographics, medical history, and events during hospitalization or follow-up was collected. PPI was identified using its CCAM codes, and a cut off at 30 days was used to define post-operative PPM, as currently used in the literature [START_REF] Leon | Transcatheter or Surgical Aortic-Valve Replacement in Intermediate-Risk Patients[END_REF][START_REF] Mack | Transcatheter Aortic-Valve Replacement with a Balloon-Expandable Valve in Low-Risk Patients[END_REF].

Outcomes

Patients were followed until June 2019 for the occurrence of outcomes, starting from date of TAVR procedure. Patients with a follow-up <6 months were excluded. Main outcomes were: all-cause death, cardiovascular death, hospitalization for heart failure (HF), and a combined endpoint of all-cause death and HF hospitalization [START_REF] Kiani | Development of a Risk Score to Predict New Pacemaker Implantation After Transcatheter Aortic Valve Replacement[END_REF]. Hospitalization was considered to be related to HF when HF was recorded as the main diagnosis. Secondary outcomes, potentially related to PPM, were: rehospitalization for new-onset atrial fibrillation (AF), infective endocarditis, worsening mitral regurgitation, and worsening tricuspid regurgitation.

Statistical analyses

Qualitative variables are described as frequency and percentages and quantitative variable as means ± standard deviation (SD). Comparisons between groups were performed using chisquare tests for categorical variables and the Student t test or non-parametric Kruskal-Wallis test, as appropriate, for continuous variables. Incidence rates for outcomes in each group were estimated, and cumulative incidences curves were obtained using Kaplan Meier method. A Cox regression model on all baseline parameters described in Table 1 was used to obtain adjusted hazard ratios (HR). A p value <0.05 was considered statistically significant. All analyses were performed using Enterprise Guide 7.1 (SAS Institute Inc., SAS Campus Drive, Cary, NC, USA) and STATA version 12.0 (Stata Corp, College Station, TX, USA).

RESULTS

Population

Among 49,201 patients, PPM at the time of or after the procedure was reported in 13,218 patients (26.9%) (Supplemental Table 1).

A total of 29,422 patients had a follow-up ≥6 months, or died earlier. This population included 6,362 patients (21.6%) who already had a pacemaker at baseline, and 6,549 (22.3%) who underwent PPM within the first 30 days post-TAVR procedure (Table 1). The latter were older, more likely to be male, had overall more comorbidities, and were more likely to be implanted with auto-expandable valves than those treated without PPM.

Main outcomes

Mean follow-up was 2.0 ±1.5 years (median 1.7, interquartile range 0.9-2.9). Events recorded during follow-up are displayed in Table 2. All-cause death was recorded in 8,454 patients.

Risk of all-cause death was higher both in the group with previous >PPM and with PPM during the first 30 days (HR 1.23 and 1.16, respectively; Figure 1). Rehospitalization for HF was recorded in 8,107 patients and risk was also higher both in the group with previous >PPM and with PPM during the first 30 days (HR 1.59 and 1.22, respectively; Figure 2). The incidence of cardiovascular death and of combined endpoint (death or rehospitalization for HF) was also higher in patients with PPM (Supplemental Figure 1).

After adjustment on all baseline parameters, PPM within 30 days after TAVR procedure was independently associated with higher overall mortality and HF hospitalization (Table 3).

Previous PPM, prior to TAVR procedure, was also independently associated with a higher risk of rehospitalization for HF, but not a higher mortality. In the subgroup of patients with a left bundle branch block, PPM, not CRT, was independently associated with a higher rate of cardiovascular death (Supplemental Table 2).

Secondary outcomes

Results are reported in Table 4 and Supplemental Figure 2. After adjustment, PPM before and after TAVR was independently associated with higher rates of rehospitalization for infective endocarditis, and previous PPM with worsening tricuspid regurgitation.

Of note, cumulative incidence of PPM in TAVR patients was significantly lower during the first 5 years of the study period, as compared with the last 5 years (Supplemental Figure 3).

DISCUSSION

Main results

Our study shows for the first time at a nationwide scale that: (1) PPM before or after TAVR procedure is associated with a higher rate of rehospitalization for HF; (2) PPM in the postoperative period following TAVR procedure independently predicts a higher risk of death of any cause; (3) PPM in TAVR patients is independently associated with a higher risk of major complications, especially infective endocarditis.

We report a rather high rate of PPM of 22% in the post-operative period following TAVR, as previously published [START_REF] Bisson | Pacemaker Implantation After Balloon-or Self-Expandable Transcatheter Aortic Valve Replacement in Patients With Aortic Stenosis[END_REF]. The impact of PPM following TAVR remains unclear in the literature. All-cause mortality at 1 year in newly pacemaker implanted patients ranges between 15.5 and 26.3%, in line with the 14.7% yearly rate found in our study [START_REF] Houthuizen | Left bundle-branch block induced by transcatheter aortic valve implantation increases risk of death[END_REF][START_REF] Buellesfeld | Impact of permanent pacemaker implantation on clinical outcome among patients undergoing transcatheter aortic valve implantation[END_REF][START_REF] Linke | Treatment of aortic stenosis with a selfexpanding transcatheter valve: the International Multi-centre ADVANCE Study[END_REF][START_REF] Urena | Permanent pacemaker implantation after transcatheter aortic valve implantation: impact on late clinical outcomes and left ventricular function[END_REF][START_REF] Nazif | Predictors and clinical outcomes of permanent pacemaker implantation after transcatheter aortic valve replacement: the PARTNER (Placement of AoRtic TraNscathetER Valves) trial and registry[END_REF][START_REF] Mouillet | Outcomes following pacemaker implantation after transcatheter aortic valve implantation with CoreValve(®) devices: Results from the FRANCE 2 Registry[END_REF]. None of these studies found a significant association between PPM and overall mortality, nor a metanalysis on this particular subject [START_REF] Regueiro | Impact of New-Onset Left Bundle Branch Block and Periprocedural Permanent Pacemaker Implantation on Clinical Outcomes in Patients Undergoing Transcatheter Aortic Valve Replacement: A Systematic Review and Meta-Analysis[END_REF]. Only the PARTNER study found a significant impact of PPM on outcomes with an increased rate of rehospitalization [START_REF] Nazif | Predictors and clinical outcomes of permanent pacemaker implantation after transcatheter aortic valve replacement: the PARTNER (Placement of AoRtic TraNscathetER Valves) trial and registry[END_REF].

Both patients with a previous PPM and with a new PPM following TAVR had a worse outcome. Patients with underlying conduction system disease may have a higher risk of poor outcomes and higher mortality than those with normal myocardial conduction. This includes conduction disease at the atrioventricular junction or the His-Purkinje system [START_REF] Shaw | Survival in second degree atrioventricular block[END_REF][START_REF] Coumbe | Longterm follow-up of older patients with Mobitz type I second degree atrioventricular block[END_REF][START_REF] Kusumoto | ACC/AHA/HRS guideline on the evaluation and management of patients with bradycardia and cardiac conduction delay: A Report of the American College of Cardiology/American Heart Association Task Force on Clinical Practice Guidelines and the Heart Rhythm Society[END_REF]. Thus, conduction system disease requiring pacemaker implantation may be a marker of more severe myocardial disease, which may in part explain some of our results.

It is recognized that up to 20% of individuals with baseline normal left ventricular systolic function will develop a significant drop in left ventricular ejection fraction within the first years following high-burden right ventricular pacing, i.e. pacing-induced cardiomyopathy (PICM) [START_REF] Kiehl | Incidence and predictors of right ventricular pacinginduced cardiomyopathy in patients with complete atrioventricular block and preserved left ventricular systolic function[END_REF]. In post-TAVR patients requiring permanent pacing, ventricular dyssynchrony may be seen both in patients requiring chronic RV pacing, and in those with a persistent left bundle branch block (LBBB) in case of atrioventricular block resumption. The specific risk of PICM in the TAVR population is unknown and it was not possible to precisely evaluate this issue in our analysis but it should not be underestimated in this high-risk population with a preexisting valvular cardiac disease. Chronic RV pacing and persistent underlying LBBB may have long-term detrimental effects in this population. Indeed, recognized risks factors for PICM include an older age (83 years in our study), a male gender (50%), atrial fibrillation (46%), and a longer intrinsic QRS duration (31% of bundle branch block at baseline). In the PACE study, patients had already a significant deterioration of LV function at 12 months of ventricular apical pacing, especially those with diabetes (31% of patients in our study) and large QRS complexes (25% of patients in our study) [START_REF] Yu | Biventricular pacing in patients with bradycardia and normal ejection fraction[END_REF].

Interestingly, both CRT implantation before and after TAVR were not associated with a higher risk of HF hospitalization in our study. Biventricular pacing might have prevented the development of PICM in these patients. PPM may also induce or worsen a tricuspid valvular disease, for which CRT is usually ineffective [START_REF] Chang | Tricuspid Valve Dysfunction Following Pacemaker or Cardioverter-Defibrillator Implantation[END_REF]. Finally, the fact that balloon-expandable valves are associated with better outcomes than self-expanding ones might be partly explained by the fact they are also associated with lower rates of PPM [START_REF] Deharo | Impact of Sapien 3 Balloon-Expandable Versus Evolut R Self-Expandable Transcatheter Aortic Valve Implantation in Patients With Aortic Stenosis: Data From a Nationwide Analysis[END_REF]. The presence of clinically significant tricuspid regurgitation concomitant with severe aortic stenosis has been shown to be associated with a poor long-term outcome, regardless of the initial treatment strategy [START_REF] Amano | Impact of concomitant tricuspid regurgitation on long-term outcomes in severe aortic stenosis[END_REF]. Finally, long-term complications associated with PPM, especially infections, may also account for the excess of morbidity and mortality observed in the PPM group in our study [START_REF] Sohail | Incidence, Treatment Intensity, and Incremental Annual Expenditures for Patients Experiencing a Cardiac Implantable Electronic Device Infection: Evidence From a Large US Payer Database 1-Year Post Implantation[END_REF][START_REF] Clémenty | Pacemaker complications and costs: a nationwide economic study[END_REF].

We are in need for more accurate screening algorithms determining optimal indications for PPM in the post-TAVR population, and evaluation of alternative pacing approaches when PPM cannot be avoided [START_REF] Rodés-Cabau | Management of Conduction Disturbances Associated With Transcatheter Aortic Valve Replacement: JACC Scientific Expert Panel[END_REF]. The higher risk of PPM with TAVR as compared with conventional surgery will also have to be taken into account in lower-risk patients [START_REF] Koshy | Outcomes of Transcatheter Versus Surgical Aortic Valve Replacement in Low-Risk Patients[END_REF].

Limitations

Beside the retrospective, observational nature of the study and its potential biases, it was also based on administrative data obtained and manually filled by physicians and administrators.

However, the large scale of the database, and the fact it underlies reimbursement, are likely to compensate some of these potential biases. Analyses were restricted to the variables coded in the database, excluding for instance echocardiographic measurements or use of medications.

Comparisons between groups might not be fully appropriate, as the presence of other missing confounding factors cannot be ruled out. Data on lead placement, device programming, or percentage of ventricular pacing were not available. As ventricular pacing burden may be directly related to the development of PICM, it is difficult to assert the relation with worse outcomes.

Conclusions

In patients with aortic stenosis treated with TAVR, our systematic analysis at a nationwide level found high rates of PPM. Both PPM at baseline and during the first 30 days post TAVR was associated with higher risks of death and rehospitalization for HF. Further studies are needed to see whether a strategy aiming at reducing the rate of PPM can improve outcomes in patients treated with TAVR. 

TABLES

Figure 1 .

 1 Figure 1. Cumulative incidence of all-cause death in patients treated with TAVR, according to the absence of pacemaker, previous PPM or PPM within 30 days post-TAVR.

Figure 2 .

 2 Figure 2. Cumulative incidence of hospitalization for heart failure in patients treated with TAVR, according to the absence of pacemaker, previous PPM or PPM within 30 days post-TAVR.

Figure 2 .

 2 Figure 2.

  

Table 1 .

 1 Characteristics of patients treated without pacemaker implantation (No PPM) or already implanted with a pacemaker at baseline (PPM) or during the post-operative period (first 30 days) following a TAVR procedure.Values are mean ± standard deviation, or n (%). BBB, bundle branch block; CABG, coronary artery bypass graft; CRT, cardiac resynchronization therapy device; ICD, implantable cardioverter-defibrillator; PCI, percutaneous coronary intervention; PM, pacemaker; PPM, permanent pacemaker implantation; SD, standard deviation; TAVR, transcatheter aortic valve replacement.

		No PPM	PPM at baseline	p vs no PPM	PPM day 0-30 post TAVR	p vs no PPM
		(n=16,511)	(n=6,362)		(n=6,549)	
	Age, years	82.2±7.2	83.0±6.8	<0.0001	82.6±6.7	<0.0001
	Sex (male)	7,671 (46.5)	3,783 (59.5)	<0.0001	3,291 (50.3)	<0.0001
	EuroSCORE II	3.7±1.0	4.1±1.1	<0.0001	3.8±1.0	0.002
	Charlson comorbidity index	4.7±2.9	5.3±2.8	<0.0001	4.8±2.9	0.18
	Frailty index	11.3±9.4	12.5±9.7	<0.0001	11.4±9.4	0.4
	Hypertension	14,384 (87.1)	5,735 (90.1)	<0.0001	5,815 (88.8)	0.001
	Diabetes mellitus	5,370 (32.5)	2,278 (35.8)	<0.0001	2,212 (33.8)	0.07
	Heart failure with congestion	9,312 (56.4)	4,503 (70.8)	<0.0001	3,817 (58.3)	0.01
	Coronary artery disease	10,892 (66.0)	4,646 (73.0)	<0.0001	4,357 (66.5)	0.42
	Previous myocardial infarction	2,302 (13.9)	1,175 (18.5)	<0.0001	961 (14.7)	0.15
	Previous PCI	4,536 (27.5)	1,989 (31.3)	<0.0001	1,886 (28.8)	0.04
	Previous CABG	1,415 (8.6)	781 (12.3)	<0.0001	557 (8.5)	0.87
	Vascular disease	6,148 (37.2)	2,748 (43.2)	<0.0001	2,383 (36.4)	0.23
	Mitral regurgitation	3,162 (19.2)	1,529 (24.0)	<0.0001	1,210 (18.5)	0.24
	Aortic regurgitation	1,963 (11.9)	952 (15.0)	<0.0001	866 (13.2)	0.01
	Tricuspid regurgitation	630 (3.8)	364 (5.7)	<0.0001	258 (3.9)	0.66
	Atrial fibrillation	7,224 (43.8)	3,796 (59.7)	<0.0001	3,021 (46.1)	0.001
	Left BBB	2,562 (15.5)	913 (14.4)	0.03	1,323 (20.2)	<0.0001
	Right BBB	851 (5.2)	688 (10.8)	<0.0001	726 (11.1)	<0.0001
	Previous ICD	0 (0.0)	262 (4.1)	<0.0001	0 (0.0)	-
	Previous CRT	0 (0.0)	317 (5.0)	<0.0001	0 (0.0)	-
	ICD in 30-day post TAVR	0 (0.0)	37 (0.6)	<0.0001	64 (1.0)	<0.0001
	CRT in 30-day post TAVR	0 (0.0)	63 (1.0)	<0.0001	202 (3.1)	<0.0001
	Ischemic stroke	928 (5.6)	358 (5.6)	0.98	371 (5.7)	0.89
	Smoker	1,614 (9.8)	650 (10.2)	0.32	651 (9.9)	0.7
	Dyslipidemia	8,492 (51.4)	3,607 (56.7)	<0.0001	3,558 (54.3)	0.0001
	Obesity	4,798 (29.1)	2,006 (31.5)	0.0002	2,172 (33.2)	<0.0001
	Alcohol related diagnoses	980 (5.9)	406 (6.4)	0.21	408 (6.2)	0.4
	Abnormal renal function	2,914 (17.6)	1,562 (24.6)	<0.0001	1,292 (19.7)	0.0002
	Lung disease	4,184 (25.3)	1,783 (28.0)	<0.0001	1,670 (25.5)	0.8
	Sleep apnea syndrome	1,478 (9.0)	727 (11.4)	<0.0001	595 (9.1)	0.75
	Liver disease	928 (5.6)	386 (6.1)	0.19	341 (5.2)	0.21
	Thyroid diseases	2,290 (13.9)	998 (15.7)	0.0004	883 (13.5)	0.44
	Anemia	4,828 (29.2)	2,106 (33.1)	<0.0001	1,919 (29.3)	0.93
	Previous cancer	3,277 (19.8)	1,282 (20.2)	0.61	1,300 (19.9)	1
	Edwards Sapien XT	2,213 (13.4)	747 (11.7)	0.001	826 (12.6)	0.11
	Edwards Sapien 3	8,205 (49.7)	2,788 (43.8)	<0.0001	2,884 (44.0)	<0.0001
	Medtronic Corevalve	2,238 (13.6)	1,244 (19.6)	<0.0001	1,159 (17.7)	<0.0001
	Medtronic Evolut	3,855 (23.3)	1,583 (24.9)	0.01	1,680 (25.7)	0.0002

Table 2 .

 2 Events during follow-up in patients treated with (PPM) or without (No PPM) pacemaker implantation during the post-operative period (first 30 days) following a TAVR procedure.

		No PPM	Previous PPM	Incidence rate ratio vs no PPM	p vs no PPM	PPM day 0-30 post TAVR	Incidence rate ratio vs no PPM	p vs no PPM
		(n=16,511)	(n=6,362)	(95%CI)		(n=6,549)	(95%CI)	
	Major bleeding events at day 30*	483 (2.9)	194 (3.1)	1.04 (0.88-1.24)	0.62	225 (3.4)	1.18 (1.01-1.39)	0.04
	Long-term follow-up							
	Death	4,452 (13.1)	2,031 (16.1)	1.23 (1.16-1.29)	<0.0001	1,971 (15.2)	1.16 (1.10-1.22)	<0.0001
	Cardiovascular death	1,955 (5.8)	918 (7.3)	1.26 (1.17-1.37)	<0.0001	849 (6.5)	1.14 (1.05-1.23)	0.002
	Rehospitalization for HF	4,045 (13.9)	2,198 (22.1)	1.59 (1.51-1.67)	<0.0001	1,864 (17.0)	1.22 (1.16-1.29)	<0.0001
	Death or rehospitalization for HF	7,079 (24.4)	3,350 (33.7)	1.38 (1.33-1.44)	<0.0001	3,100 (28.3)	1.16 (1.11-1.21)	<0.0001
	Mitral regurgitation	808 (2.4)	347 (2.8)	1.16 (1.02-1.32)	0.02	313 (2.5)	1.01 (0.89-1.15)	0.86
	Tricuspid regurgitation	215 (0.6)	134 (1.1)	1.69 (1.35-2.11)	<0.0001	78 (0.6)	0.95 (0.72-1.24)	0.70
	Infective endocarditis	573 (1.7)	267 (2.2)	1.26 (1.08-1.46)	0.002	261 (2.0)	1.20 (1.03-1.39)	0.02

Values are n (incidence rate, %/year). CI=confidence interval; TAVR=transcatheter aortic valve replacement. * values are n (%) and odds ratios for bleeding events at day 30.

Table 3 .

 3 Independent predictors of main outcomes during the whole follow-up in patients treated with TAVR. <0.0001 1.084 (0.998-1.177) 0.06 1.155 (1.091-1.221) <0.0001 1.109 (1.062-1.157) <0.0001 CRT, cardiac resynchronization therapy device; HR, hazard ratio; ICD, implantable cardioverter-defibrillator; PM, pacemaker; TAVR, transcatheter aortic valve replacement. Adjustment was performed on the following baseline characteristics: age, sex, EuroSCORE II, Charlson comorbidity index, frailty index, hypertension, diabetes mellitus, heart failure with congestion, coronary artery disease, previous myocardial infarction, previous percutaneous coronary intervention, previous coronary artery bypass graft, vascular disease, aortic, mitral and tricuspid regurgitation, atrial fibrillation, left and right bundle branch blocks, ischemic stroke, smoking status, dyslipidemia, obesity, alcohol related diagnoses, abnormal renal function, lung disease, sleep apnea syndrome, liver disease, thyroid disease, anemia, previous cancer, and valve model.

		All-cause death		Cardiovascular death	HF hospitalization	HF and all-cause death
	Multivariable Model							
		Adjusted HR (95%CI)	p	Adjusted HR (95%CI)	p	Adjusted HR (95%CI)	p	Adjusted HR (95%CI)	p
	Previous PM or ICD (n=6,362)	1.014 (0.960-1.072)	0.62	0.988 (0.909-1.074) 0.78 1.250 (1.184-1.320) <0.0001 1.116 (1.069-1.165) <0.0001
	Previous ICD (n=122)	1.444 (1.156-1.803)	0.001	1.526 (1.136-2.050) 0.005 1.264 (1.022-1.564)	0.03	1.219 (1.023-1.454)	0.03
	Previous CRT (n=317)	0.746 (0.596-0.933)	0.01	0.846 (0.624-1.148) 0.28 0.881 (0.723-1.074)	0.21	0.846 (0.717-0.999)	0.05
	PM/ICD in 30-day post TAVR (n=6,549) 1.120 (1.061-1.182) ICD in 30-day post TAVR (n=64) 0.649 (0.386-1.092)	0.10	0.323 (0.102-1.017) 0.05 0.796 (0.505-1.254)	0.33	0.700 (0.475-1.032)	0.07
	CRT in 30-day post TAVR (n=220)	1.119 (0.875-1.432)	0.37	1.048 (0.715-1.535) 0.81 1.236 (0.967-1.580)	0.09	1.145 (0.941-1.394)	0.18
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