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Cardiac Resynchronization Therapy Survey II A comparison of cardiac resynchronization therapy implantation practice in Europe and France

de documents scientifiques de niveau recherche, publiés ou non, émanant des établissements d'enseignement et de recherche français ou étrangers, des laboratoires publics ou privés.

Objectif. -L'objectif est de comparer les caractéristiques de la population Française implantée d'une CRT à l'ensemble de la population Européenne.

Méthodes. -Les caractéristiques des patients et des procédures ont été collectées. Les patients recevant un primo-implantation ou un upgrade en CRT ont été inclus dans cette étude et comparés à la population Européenne.

Résultats. -11,088 patients ont été inclus dans cette étude, et 754 sont Français. Les patients Français étaient plus âgés (44,7 % avaient > 75 ans vs 31,1 % en Europe), moins symptomatiques, avaient une fraction d'éjection plus élevée et moins de co-morbidités. Les patients Français présentaient également une durée de QRS plus court (19,1 % avec un QRS < 130 ms vs 12,3 % des patients Européens). Le taux de succès d'implantation était similaire entre les 2 groupes mais avec un temps de procédure et de fluoroscopie plus court en France. A noter qu'en France, moins de patients ont été déclarés avoir reçu une antibioprophylaxie avant procédure et ont présenté un taux plus élevé d'infection précoce. Enfin les Français reçoivent moins fréquemment un traitement optimal de l'insuffisance cardiaque à la sortie de l'hôpital. 

Background

Cardiac resynchronization therapy (CRT) improves mortality, morbidity and quality of life in patients with heart failure (HF) with severe left ventricular ejection fraction (LVEF) impairment and QRS prolongation on the electrocardiogram [START_REF] Abraham | Cardiac resynchronization in chronic heart failure[END_REF][START_REF] Birnie | Impact of QRS morphology and duration on outcomes after cardiac resynchronization therapy: Results from the Resynchronization-Defibrillation for Ambulatory Heart Failure Trial (RAFT)[END_REF][START_REF] Cazeau | Effects of multisite biventricular pacing in patients with heart failure and intraventricular conduction delay[END_REF][START_REF] Cleland | The effect of cardiac resynchronization on morbidity and mortality in heart failure[END_REF][START_REF] Daubert | Prevention of disease progression by cardiac resynchronization therapy in patients with asymptomatic or mildly symptomatic left ventricular dysfunction: insights from the European cohort of the REVERSE (Resynchronization Reverses Remodeling in Systolic Left Ventricular Dysfunction) trial[END_REF][START_REF] Daubert | EHRA/HRS expert consensus statement on cardiac resynchronization therapy in heart failure: implant and follow-up recommendations and management[END_REF][START_REF] Moss | Cardiac-resynchronization therapy for the prevention of heart-failure events[END_REF]. According to the current guidelines, CRT is recommended for appropriately selected patients with HF with a high level of evidence [START_REF] Daubert | EHRA/HRS expert consensus statement on cardiac resynchronization therapy in heart failure: implant and follow-up recommendations and management[END_REF][START_REF] Ponikowski | ESC Guidelines for the diagnosis and treatment of acute and chronic heart failure: The Task Force for the diagnosis and treatment of acute and chronic heart failure of the European Society of Cardiology (ESC). Developed with the special contribution of the Heart Failure Association (HFA) of the ESC[END_REF]. However, as described in the first European Society of Cardiology (ESC) CRT survey (CRT Survey I), implanted patients in routine clinical practice often differ from those enrolled in randomized controlled studies [START_REF] Dickstein | The European cardiac resynchronization therapy survey[END_REF]. Indeed, in CRT Survey I, among the 13 ESC member countries enrolled, implanters often extrapolated the benefits of CRT to a broader population, including older patients (aged > 75 years), those with a shorter QRS interval duration (< 120 ms) or atrial fibrillation (AF), and those upgrading from an existing permanent pacemaker or implantable cardioverter defibrillator (ICD) [START_REF] Dickstein | The European cardiac resynchronization therapy survey[END_REF]. Additionally, this survey emphasized the disparity between regional and national implantation practices.

The ESC CRT Survey II, initiated jointly by the European Heart Failure Association and the European Heart Rhythm Association, was then designed to accurately describe our clinical practice regarding CRT implantation in a larger population drawn from more ESC member countries. A total of 42 countries were enrolled, which highlighted contemporary clinical practice of CRT and provided relevant information to improve adherence to guidelines. The present study aimed to describe the French patients undergoing CRT, and to compare this population with the overall European cohort.

Methods

Study design

The rationale and design of CRT Survey II have been published previously [START_REF] Dickstein | European cardiac resynchronization therapy survey II: rationale and design[END_REF]. Of the 47 ESC member countries detailed in the European Heart Rhythm Association White Book [START_REF] Raatikainen | Statistics on the use of cardiac electronic devices and electrophysiological procedures in the European Society of Cardiology countries: 2014 report from the European Heart Rhythm Association[END_REF], 42 agreed to participate, and 288 individual centres overall were enrolled. All consecutive patients planned for CRT pacemaker/CRT defibrillator (CRT-P/CRT-D) device implantation, de novo or upgrade, in a 15-month period (October 2015 to December 2016) were included, regardless of the success of the procedure.

Generator replacements or revisions of existing CRT devices were excluded. Data were collected prospectively using an online database. A central database was created and maintained at the data management centre at the Institut für Herzinfarktforschung in Ludwigshafen, Germany. The data management centre also performed the analyses. CRT Survey II included two internet-based questionnaires [START_REF] Dickstein | European cardiac resynchronization therapy survey II: rationale and design[END_REF]. The first was a one-time questionnaire completed by participating centres, and provided information on hospital type, size, population served, number and specialty of implanting physicians, infrastructure, facilities, types of imaging equipment employed, implantation routines for their CRT device programme and the follow-up options provided. The second questionnaire was an electronic case report form for each patient, which collected demographic, medical history and clinical data, as well as procedural and postprocedural details. Of note, short-term outcomes, including adverse events and complications during the index hospitalization, were collected, but information on longer-term outcome was not. Importantly, data from unsuccessful CRT implantations were also included.

Ethics approval from the relevant ethics committees in France was obtained. The study protocol complied with the Declaration of Helsinki and Good Clinical Practice.

Statistical analysis

Continuous variables are presented as means with standard deviations, as appropriate. Categorical variables are presented as absolute values and percentages. Continuous variables were compared with non-parametric Mann-Whitney U tests, whereas categorical variables were compared with Pearson's χ 2 test. Descriptive statistics were calculated for the available cases. All P values are the results of two-tailed tests, and a value < 0.05 was considered significant. Statistical analysis was carried out using SAS statistical software, version 9.1 (SAS Institute, Cary, NC, USA).

Results

Baseline characteristics

During the 15-month enrolment period, a total of 11,088 patients were included in CRT Survey II, 754 of whom were recruited at 14 French centres. As described in Table 1, French patients were significantly older than those in the European cohort, with a higher proportion of CRT-P implantation and patients aged ≥ 75 years (44.7% vs 31.1%; P < 0.001). Co-morbidities were less common among the French patients, with significantly lower rates of hypertension, diabetes mellitus and obstructive lung disease. History of myocardial infarction and ischaemic cardiomyopathy aetiology were also less frequent among the French patients, who presented with a higher rate of non-ischaemic aetiology (57.9% vs 49.2%; P < 0.001) associated with less reported valvular heart disease (15.7% vs 28.0%). No significant difference was observed in terms of the serum concentration of cardiac markers, but the French group had more severe renal function. Additionally, both populations had a similar prevalence of AF, although French patients were more likely to experience paroxysmal AF (46.9% vs 33.8%; P < 0.001). In both groups, patients were mostly in New York Heart Association (NYHA) functional class II or III, but there were 3.5 and 1.6 times more French patients in NYHA class I and class IV, respectively, compared with the European population.

Regarding echocardiographic data, LVEF was significantly higher in the French group, with a higher rate of patients with LVEF > 35% (17.1% vs 12.7%), despite there being fewer patients with permanent pacemaker indications. Conversely, mitral regurgitation was less common in French patients, as > 50% had no mitral regurgitation compared with < 20% in the European population.

Preprocedural baseline electrocardiogram characteristics

Baseline electrocardiogram characteristics are described in Table 2. In both groups, there were similar proportions of patients in sinus rhythm and AF, with distributions of two-thirds and one-third of patients, respectively. Compared with the European group, French patients had a longer PR interval duration, but a significantly shorter QRS interval duration (154 ± 29 vs 157 ± 27 ms). Indeed, 19.1% of the French population had a QRS < 130 ms compared with 12.3% of the overall European cohort. In addition, a lower proportion of French patients had a QRS > 150 ms compared with the European group (62.9% vs 69%). A similar proportion of left bundle branch block was found in the two populations, but right bundle branch block QRS morphology was more usually present among the French CRT candidates at the time of implantation (9.2% vs 6.4%).

Perprocedural CRT implantation characteristics

As described in Table 3, a total of 760 CRT procedures were performed among the 754 patients enrolled in the French group and 10,456 procedures were performed in the 10,334 patients in the European group. Successful device implantation rates were 97.6% in France and 97.3% in Europe. In France, a CRT-P was more frequently implanted compared with in the European population (34.5% vs 29.9%).

Nevertheless, a CRT-D was the most common device implanted in both groups. Procedural duration was significantly shorter in France (89.2 ± 37.8 vs 100.5 ± 46.7 minutes; P < 0.001), and was associated with a shorter fluoroscopy time (16.1 ± 15.4 vs 17.9 ± 17.2 minutes; P < 0.001). A multipolar left ventricular lead was more frequently implanted in the French group than in the European group (70.5% vs 56.1%).

Administration of prophylactic antibiotics was reported significantly less frequently in France (95.9% vs 98.8%).

Regarding left ventricular lead site implantation, lateral and posterior placements were equally distributed between the two groups (lateral: 83.6% in France vs 84.2%; posterior: 10.8% in France vs 11.6%), but the middle left ventricular segment was more commonly achieved in France (76.5% vs 70.9%). Of note, coronary sinus venogram with or without occlusion was performed less often by French physicians. Additionally, despite a higher rate of left ventricular position optimization with QLV delay or biventricular paced QRS duration, French patients experienced less of a decrease in QRS interval duration: biventricular paced QRS duration of 140 (120, 160) in France vs 136 (120, 150) ms. Indeed, the French group had a lower difference between paced and intrinsic QRS duration compared with the European population: median -13 (interquartile range -34, 5) ms vs -20 (-40, -2) ms, respectively. Furthermore, 38.7% of the French patients exhibited a residual paced QRS > 150 ms compared with 30.6% of the European group.

Outcomes and hospital discharge

Periprocedural complication rates were similar between in both groups (5.0% vs 5.7%), but coronary sinus dissection was twofold lower in France, giving an important message for analysis of quality control.

Similarly, there was no difference in the overall rates of periprocedural device-related complications (3.8% vs 4.1%), but the French population exhibited 3.5 times more device-associated infections compared with the European cohort (0.6% vs 0.2%) (Table 4). Lastly, French patients experienced higher rates of major adverse events during postprocedural hospitalization (7.0% vs 4.6%) -especially infections (1.3% vs 0.5%). Consequently, the total postprocedural duration of hospitalization was higher in France: median 4 (interquartile range 3, 7) vs 3 (2, 7) days (Table 4).

Additionally, significant differences were noted regarding HF drug therapy at hospital discharge (Table 5). Indeed, French patients were significantly less likely to receive beta-blockers, angiotensinconverting enzyme inhibitors/angiotensin II receptor blockers and mineralocorticoid receptor antagonists than European patients (79.0% vs 89.7%, 75.1% vs 87.2% and 29.8% vs 65.6%, respectively).

Discussion

The main findings of this French CRT survey were that French CRT candidates differ from European CRT candidates, especially in terms of a lower QRS duration, and that perioperative management in France is suboptimal, with less reported use of antibiotic prophylaxis, more complications and fewer patients on optimal medical therapy for HF.

Patient selection in France

Our results showed that French CRT candidates seem to be in "better health" than the European population. Despite being older, their HF was less advanced, with a higher proportion having NYHA class I/II clinical status, a higher baseline LVEF at implantation associated with lower mitral regurgitation and more paroxysmal AF. Additionally, the French cohort exhibited fewer co-morbidities overall, but had more severe chronic renal dysfunction. This result is supported by the French CeRtiTude CRT registry, which observed an increase in the proportion of elderly patients receiving a CRT device in the past decade. Indeed, among 1705 French CRT candidates enrolled in CeRtiTude registry between 2008 and 2010, fewer patients were aged > 75 years (33%) compared with almost half (44.7%) of the French population in CRT Survey II performed between 2015 and 2016 [START_REF] Marijon | Causes-of-death analysis of patients with cardiac resynchronization therapy: an analysis of the CeRtiTuDe cohort study[END_REF]. Similarly, the analysis of 400,000 CRT procedures performed between 2003 and 2013 in the USA showed that the mean age at implantation increased over the study period, especially for CRT-Ps [START_REF] Hosseini | Utilization and in-hospital complications of cardiac resynchronization therapy: trends in the United States from 2003 to 2013[END_REF]. These results are supported by a recent work that compared the long-term survival of 1775 patients implanted with a CRT-P or CRT-D. Indeed, the authors described that patients with CRT-Ps were significantly older than those receiving CRT-Ds. However, this work importantly highlighted that both groups had similar 5-year survival rates. Additionally, the rate of sudden cardiac death was similar in patients with or without an ICD combined with CRT, whereas progressive HF still represents the most common cause of death in patients surviving the first 5 years after CRT implantation [START_REF] Barra | Very long-term survival and late sudden cardiac death in cardiac resynchronization therapy patients[END_REF]. These results may reflect a greater certainty of CRT benefit in higher age groups overall, especially CRT-P implantation. Of note, current French guidelines suggest that CRT may remain effective despite advanced age in selected patients, provided that they have few co-morbiditiesparticularly septuagenarians and octogenarians [START_REF] Fauchier | Position paper for management of elderly patients with pacemakers and implantable cardiac defibrillators: Groupe de Rythmologie et Stimulation Cardiaque de la Societe Francaise de Cardiologie and Societe Francaise de Geriatrie et Gerontologie[END_REF].

More off-guideline CRT indications in France

This real-life survey in France has highlighted a higher proportion of off-guideline CRT indications. Indeed, up to 10% of the French patients were in NYHA class I, and experienced no symptoms and no activity limitation. This is not in accordance with the current guidelines, but we do not have data about the results of the exercise test that is performed frequently in France. Occasionally "asymptomatic" patients may exhibit significant limited performance during an exercise test. It may be possible that such patients were implanted because of a primary ICD indication or that these patients had previously had more symptomatic HF, which had improved with drug therapy. Additionally, 10.2% of CRT candidates had a QRS < 120 ms, and 19.2% had an intrinsic QRS interval duration < 130 ms. This is in accordance with the 2013 ESC guidelines on pacing and CRT, which were used when the survey started, with a cut-off value of 120 ms; now, according to the 2016 guidelines, this QRS duration theoretically represents a CRT contraindication (Class III, Level A), and has been previously associated with an increase in mortality [START_REF] Ponikowski | ESC Guidelines for the diagnosis and treatment of acute and chronic heart failure: The Task Force for the diagnosis and treatment of acute and chronic heart failure of the European Society of Cardiology (ESC). Developed with the special contribution of the Heart Failure Association (HFA) of the ESC[END_REF][START_REF] Ruschitzka | Cardiac-resynchronization therapy in heart failure with a narrow QRS complex[END_REF]. Furthermore, the French group had 2.5 times more patients with a normal ejection fraction at the time of implantation than European group. Lastly, 17.1% of French patients with HF had an LVEF > 35%, three times more than in the CeRtiTude cohort (5.3%), suggesting a current off-label extension of the CRT indication in France over the last decade [START_REF] Marijon | Causes-of-death analysis of patients with cardiac resynchronization therapy: an analysis of the CeRtiTuDe cohort study[END_REF]. However, we must remember that patients implanted with permanent AF or upgrading indications may have an LVEF > 35%, but do not have off-label indications. These results are consistent with the first clinical indication for CRT in France, which is HF or left ventricular dysfunction with ICD indication. Unlike in the European population, HF with wide QRS is not the major CRT indication in France.

CRT Survey II has confirmed that French clinicians are not in concordance with the other countries regarding indications. Clinical practice should be guided by clinical trials, but clinicians may have their own impression of "optimal treatment", and offer it to individual patients, many of whom do not fulfil the criteria in the guidelines. Accordingly, in France, many devices were implanted in asymptomatic patients (NYHA class I) with mild LVEF impairment. Nevertheless, the overall French population had a Class I CRT indication, with symptomatic HF, severe LVEF impairment and wide left bundle branch block > 150 ms.

Need to improve perioperative management in France

Importantly, our work has highlighted that French patients experienced a higher rate of early in-hospital complications than the European group -especially device-related infections (0.6% vs 0.2%). This poor outcome is probably driven by the significantly lower proportion of use of prophylactic antibiotics reported in France, and calls for discussion and improvements. Indeed, a lack of antibiotic prophylaxis has been described as an independent predictor of infection [START_REF] Polyzos | Risk factors for cardiac implantable electronic device infection: a systematic review and meta-analysis[END_REF]. Similarly, a meta-analysis of antibiotic prophylaxis, using a regimen of preprocedural and postprocedural administration, suggested a significant reduction in the incidence of infection, and is recommended in the current guidelines [START_REF] Brignole | ESC Guidelines on cardiac pacing and cardiac resynchronization therapy: the Task Force on cardiac pacing and resynchronization therapy of the European Society of Cardiology (ESC). Developed in collaboration with the European Heart Rhythm Association (EHRA)[END_REF]. Additionally, advanced age has been described as independent predictor of device infection, and patients aged > 60 years have a 2.5-fold increased risk of infection [START_REF] Cengiz | Permanent pacemaker and implantable cardioverter defibrillator infections: seven years of diagnostic and therapeutic experience of a single center[END_REF]. Furthermore, several publications have concluded that early complications are increased in elderly patients [START_REF] Fauchier | Effect of age on survival and causes of death after primary prevention implantable cardioverter-defibrillator implantation[END_REF][START_REF] Lee | Evaluation of early complications related to De Novo cardioverter defibrillator implantation insights from the Ontario ICD database[END_REF], suggesting that careful geriatric assessment should be performed before device implantation, to ensure that undernutrition, frailty, cognitive impairment and weak autonomy are not disregarded [START_REF] Barra | Very long-term survival and late sudden cardiac death in cardiac resynchronization therapy patients[END_REF].

CRT Survey II also highlighted that the French population less often received optimal HF drug therapy at hospital discharge, as 79.0%, 75.1% and 29.8% received beta-blockers, angiotensin-converting enzyme inhibitors/angiotensin II receptor blockers and mineralocorticoid receptor antagonists, respectively, compared with 89.7%, 87.2% and 65.6% in the European group. Optimal medical therapy in association with CRT is crucial in patients with HF, and has been associated with a lower risk of death or HF than in CRT recipients without optimal treatment in follow-up [START_REF] Alvarez-Alvarez | Cardiac resynchronization therapy outcomes in patients under nonoptimal medical therapy[END_REF]. However, introducing and titrating HF drugs may be challenging in elderly patients with renal dysfunction, which may explain this suboptimal medical management [START_REF] Cobretti | Medication regimen complexity in ambulatory older adults with heart failure[END_REF].

Study limitations

Although the number of patients enrolled in this survey was large, there were substantial differences between countries. Overall, investigators estimated that about 11% of patients implanted with CRT in participating countries were enrolled in the survey, but they could not assess the degree of selection bias in the choice of enrolled patients. In France, 6.3% of total implantations were captured during the survey.

Sites may have been less likely to report unsuccessful implantations or cases with a poor outcome, accounting for low rates of complications and mortality. Additionally, patient characteristics and early postprocedural outcomes should be interpreted carefully. Indeed, long-term follow-up data were not collected, and the impact of larger biventricular paced QRS on patient survival in France is unknown.

Indeed, this survey focused on the early postimplantation period, and future CRT response, left ventricular reverse remodelling, HF events and quality of life cannot be extrapolated from the postprocedural biventricular paced QRS duration.

Conclusions

Compared with the European population, French patients were more often asymptomatic, associated with higher rates of QRS < 130 ms and LVEF > 35% at the time of CRT implantation. Importantly, a higher rate of early device-related infection occurred, probably driven by less antibiotic prophylaxis administration.

This survey provides important information about our daily clinical practice, and is a plea for greater adherence to guidelines for better management of patients with HF, and improved quality control programmes.
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Conclusion. -

 - Abbreviations: AF, atrial fibrillation; CRT, cardiac resynchronization therapy; CRT-P, cardiac resynchronization therapy pacemaker; CRT-D, cardiac resynchronization therapy defibrillator; ESC, European Society of Cardiology; HF, heart failure; ICD, implantable cardioverter defibrillator; LVEF, left ventricular ejection fraction; NYHA, New York Heart Association.

Table 1

 1 Baseline characteristics of the French and European groups.

	France	Europe	P	OR (95% CI)
	(n = 754)	(n = 10,334)		

Data are expressed as mean ± standard deviation or n/N (%). AF: atrial fibrillation; BNP: B-type natriuretic peptide; CI: confidence interval; CRT: cardiac resynchronization therapy; eGFR: estimated glomerular filtration rate; HF: heart failure; ICD: implantable cardioverter-defibrillator; LV: left ventricular; LVEF: left ventricular ejection fraction; LVEDD: left ventricular end-diastolic dimension; NT-proBNP: N-terminal prohormone of Btype natriuretic peptide; NYHA: New York Heart Association; OR: odds ratio; PPM: permanent pacemaker.

Table 2

 2 Preprocedural electrocardiogram characteristics.

	France	Europe	P	OR (95% CI)
	(n = 754)	(n = 10,334)		

Table 3

 3 Perprocedural cardiac resynchronization therapy implantation characteristics.Data are expressed as n/N (%), mean ± standard deviation or Median (interquartile range) unless otherwise indicated. AF: atrial fibrillation; AV:

	France	Europe	P	OR (95% CI)
	(n = 754)	(n = 10,334)		

atrioventricular; CI: confidence interval; CRT-D: cardiac resynchronization therapy defibrillator; CRT-P: cardiac resynchronization therapy pacemaker; ECG: electrocardiogram; HF: heart failure; ICD: implantable cardioverter-defibrillator; LV: left ventricular; NA: not applicable; OR: odds ratio; RV: right ventricular.

Table 4

 4 Periprocedural complications.

	France	Europe	P
	(n = 754)	(n = 10,334)	
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Data are expressed as mean ± standard deviation or n/N (%). AF: atrial fibrillation; AV: atrioventricular; CI: confidence interval; OR: odds ratio.