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INTRODUCTION

The number of transcatheter aortic valve implantation (TAVI) procedures is increasing due to the recent extension of indications to patients at lower risk [START_REF] Baumgartner | ESC/EACTS Guidelines for the management of valvular heart disease[END_REF]. However, a substantial number of patients do not benefit from the procedure and rates of early death and repeated readmissions for heart failure (HF) remain an issue [START_REF] Durand | Incidence, Prognostic Impact, and Predictive Factors of Readmission for Heart Failure After Transcatheter Aortic Valve Replacement[END_REF][START_REF] Urena | Late cardiac death in patients undergoing transcatheter aortic valve replacement: incidence and predictors of advanced heart failure and sudden cardiac death[END_REF]. Outcomes can be improved by improving patient selection to avoid futile interventions and by improving treatment strategies in those patients at high residual risk of HF [START_REF] Amat-Santos | Impact of renin-angiotensin system inhibitors on clinical outcomes and ventricular remodelling after transcatheter aortic valve implantation: rationale and design of the RASTAVI randomised multicentre study[END_REF].

Predictors of HF hospitalization after TAVI are not well defined. Few studies have tackled this issue [START_REF] Durand | Incidence, Prognostic Impact, and Predictive Factors of Readmission for Heart Failure After Transcatheter Aortic Valve Replacement[END_REF] and no standardized score is available to predict HF after TAVI. We have recently developed the CAPRI score to predict 1-year post-TAVI cardiovascular and all-cause mortalities [START_REF] Lantelme | Development of a Risk Score Based on Aortic Calcification to Predict 1-Year Mortality After Transcatheter Aortic Valve Replacement[END_REF]. This dedicated score includes thoracic aortic calcification (TAC) volume (assessed by CT scan) in addition to cardiac, vascular, and comorbid conditions. Our demonstration that TAC is predictive of mortality after TAVI independent of classical variables [START_REF] Harbaoui | Aortic calcifications present the next challenge after TAVR[END_REF][START_REF] Harbaoui | Aorta calcification burden: Towards an integrative predictor of cardiac outcome after transcatheter aortic valve implantation[END_REF] has recently been confirmed by other groups [START_REF] Gegeneva | Prognostic Value of Thoracic Aorta Calcification Burden in Patients Treated With TAVR[END_REF].

We hypothesized that CAPRI score could also predict 1-year post-TAVI HF hospitalization since it encompasses several variables potentially involved in HF. Residual HF after TAVI is an even greater concern in low-gradient aortic stenosis (LGAS) patients [START_REF] Durand | Incidence, Prognostic Impact, and Predictive Factors of Readmission for Heart Failure After Transcatheter Aortic Valve Replacement[END_REF]. There is a need for predictors in this population since classical cardiac and valvular parameters have failed to predict clinical outcomes after AS relief [START_REF] Ribeiro | Transcatheter Aortic Valve Replacement in Patients With Low-Flow, Low-Gradient Aortic Stenosis: The TOPAS-TAVI Registry[END_REF]. Because the CAPRI score includes TAC, a surrogate of aortic stiffness, it may be particularly relevant for LGAS which is often associated with high vascular load [START_REF] Cramariuc | Low-flow aortic stenosis in asymptomatic patients: valvular-arterial impedance and systolic function from the SEAS Substudy[END_REF].

The aim of the present study was to assess the prognostic significance of the CAPRI score to predict HF hospitalization during the first year after TAVI in a consecutively treated population. We also tested the prognostic significance in a subset of patients with LGAS.

METHODS

CAPRI-HF was an ancillary study of the C4CAPRI trial (4 Cities for assessing CAlcification

PRognostic Impact NCT02935491), which was a multicenter study, performed in 4 high volume French centers [START_REF] Lantelme | Development of a Risk Score Based on Aortic Calcification to Predict 1-Year Mortality After Transcatheter Aortic Valve Replacement[END_REF].

PATIENTS.

The present study included 409 consecutive patients from 2 out of the 4 centers (Rouen and Lyon University hospitals), undergoing TAVI between 2010 and 2014 and for whom follow-up data on HF was available. The C4CAPRI cohort has been described elsewhere [START_REF] Lantelme | Development of a Risk Score Based on Aortic Calcification to Predict 1-Year Mortality After Transcatheter Aortic Valve Replacement[END_REF]. Patients were indicated for TAVI in the presence of severe AS when surgical aortic valve replacement was either contraindicated or deemed too high risk by the multidisciplinary Heart Team. To be included in the C4CAPRI cohort, patients had to have a pre-operative CT-scan for TAC assessment and CAPRI score calculation. For the main analysis patients were analyzed according to whether they had undergone HF hospitalization.

For the subanalysis, LGAS was defined as a mean aortic gradient <40 mmHg [START_REF] Clavel | Low-gradient aortic stenosis[END_REF].

OUTCOMES. The primary outcome was HF requiring hospitalization during the first year after TAVI. Follow-up was censored at 1 year following TAVI. Patients deceased during the first year were not considered as having experienced the primary outcome unless a hospitalization for HF had been recorded. Data collection was performed through dedicated web-based case report forms in each center, which were merged for analysis. Range checks to identify extreme values and assessments of internal consistency were applied during upload.

CALCULATION OF CAPRI SCORE. The score has been described elsewhere [START_REF] Lantelme | Development of a Risk Score Based on Aortic Calcification to Predict 1-Year Mortality After Transcatheter Aortic Valve Replacement[END_REF]. Briefly, CAPRI score encompasses TAC burden assessed by CT scanner of the whole thoracic aorta as previously described [START_REF] Lantelme | Development of a Risk Score Based on Aortic Calcification to Predict 1-Year Mortality After Transcatheter Aortic Valve Replacement[END_REF]; cardiac (left ventricle ejection fraction (LVEF); mean aortic gradient, mitral regurgitation, pulmonary systolic artery pressure (PSAP), coronary artery disease), vascular (vascular disease), and comorbid (renal function, and chronic obstructive pulmonary disease) conditions. We adapted the score for cardiovascular mortality and for allcause mortality by adjusting the coefficient of each variable for the specific outcome.

STATISTICAL ANALYSIS.

Variables are summarized as means ± standard deviations, medians with interquartile ranges, or numbers and percentages, as appropriate. CAPRI score was considered as a categorical variable (tertiles) or a continuous variable as appropriate. For the purpose of this study (predicting HF hospitalization during the first year after TAVI), we used the cardiovascular mortality CAPRI score in the main analysis. The performance of the all-cause mortality CAPRI score was used in a sensitivity analysis (presented in the Supplementary materials).

The prognostic value of the CAPRI score was first assessed by building the cumulative incidence curves of HF hospitalization for the three groups defined according to the terciles of CAPRI score, using the Aalen-Johansen estimator in order to take into account the competing risk corresponding to death. The three curves were compared using the Gray's test. The prognostic value of CAPRI score considered as a continuous variable was further quantified and tested in univariable and multivariable Cox regression analysis in order to estimate its cause-specific effect.

Several models were built according to the existent literature [START_REF] Durand | Incidence, Prognostic Impact, and Predictive Factors of Readmission for Heart Failure After Transcatheter Aortic Valve Replacement[END_REF][START_REF] Urena | Late cardiac death in patients undergoing transcatheter aortic valve replacement: incidence and predictors of advanced heart failure and sudden cardiac death[END_REF][START_REF] Chamandi | Long-Term Outcomes in Patients With New Permanent Pacemaker Implantation Following Transcatheter Aortic Valve Replacement[END_REF].

-Model 1 adjusted for Logistic EuroSCORE.

-Model 2 adjusted for significant differences in terms of baseline characteristics.(excluding variables included in the CAPRI score) between the groups of patients with and without HF hospitalization.

-Model 3 adjusted for vascular access, post TAVI aortic regurgitation, post TAVI PASP, post TAVI transfusion, and post TAVI pacemaker implantation.

-Model 4 adjusted for the variables in models 2 and 3.

The interaction between mean aortic gradient and CAPRI score was tested and found significant at p<0.05. This justified the subanalysis in LGAS patients.

Further sensitivity analysis was performed after exclusion of patients who didn't have a transfemoral TAVI.

Finally, in order to assess the ability of the CAPRI score to predict recurring HF hospitalization ordinal multivariate regression analyses were performed at 3 levels; no HF (reference subgroup), 1 HF occurrence, ≥2 HF occurrences. A similar analysis was performed for the CAPRI score for all-cause death.

All analyses were performed using SPSS software, release 20.0.0 (SPSS, Chicago, USA and R software, version 3.6.1). A p value <0.05 was considered statistically significant.

RESULTS

BASELINE DATA. Among the 409 patients, 14 peri-procedural deaths and 3 patients lost to follow-up were excluded. Thus, 392 patients were included in the study. 78 (19.9%) patients experienced at least one HF hospitalization. 60(15.3%) patients died during the follow-up, respectively 28(35.9%) patients of the 78 who experienced HF hospitalization and 32(10.2%) patients of the 314 who didn't experience HF hospitalization, p<0.001. Table 1 summarizes the characteristics of the cohort as well as according to the hospitalization of HF. On average, patients were 83.7 ± 7.3 years old, 183 (46.7%) were men, mean LVEF was 59.1 ± 14.3% and mean aortic gradient was 45.9 ± 15.6 mmHg. TAVI was performed with femoral access in 339 (86.5%) patients. Patients with HF hospitalization were more prone to have diabetes, atrial fibrillation, renal dysfunction, lower mean aortic gradient, higher PSAP and higher logistic EuroSCORE (p<0.05 for all associations). Though levels of TAC and several individual variables in the CAPRI score (LVEF, coronary artery disease, vascular disease, and chronic obstructive pulmonary disease) did not differ significantly between patients with HF and without HF, the CAPRI score was significantly higher in patients who experienced HF (p<0.05).

Table S1 summarizes patients' characteristics according to mean aortic gradient.

LGAS patients were more often women and had higher rates of diabetes atrial fibrillation, peripheral vascular disease or pacemaker use. The CAPRI score was higher in LGAS patients, p<0.001; the same trend was noticed for the EUROSCORE, p=0.048.

PROGNOSTIC POWER OF THE CAPRI SCORE.

At the 1-year follow-up, 78 (19.9%) patients recorded one or more HF hospitalizations. Figure 1 displays the cumulative incidence curves according to the three groups defined according to the terciles of CAPRI score for all patients and according to aortic gradient.. CAPRI score ranges were -2.288 to -0.188 for group 1; -0.188 to 0.344 for group 2 and 0.344 to 1.685 for group 3. Higher CAPRI scores were associated with greater risk of HF hospitalization, p<0.001 (Figure 1). Analyzing subgroups according to mean aortic gradient, the same trend was found in LGAS patients, p=0.007. In patients with mean aortic gradient ≥ 40 mm Hg, cumulative incidence curves did not differ significantly between the three groups (p=0.1).

Table 2 summarizes univariate and multivariate Cox analyses in all patients and in LGAS patients. CAPRI score was predictive of HF hospitalization in all models. In the model adjusted for logistic EuroSCORE, the CAPRI score considered as a continuous variable was the sole predictor of HF hospitalization. The hazard ratio (HR) for each 0.1 CAPRI score increase was 1.066, 95% confidence interval (CI) 1.024-1.062. In the adjusted multivariate Cox analysis only CAPRI score was predictive of HF: HR for each 0.1 CAPRI score increase 1.068, 95% CI 1.021-1.065. The results were similar in LGAS patients (Table 2).

When restricting the analysis to patients with transfemoral TAVI, results remained very similar (Tables S2) Similar results were obtained with the CAPRI score for all-cause death when performing the cox regression analysis (Supplementary data, Table S3).

DISCUSSION

The present study demonstrates that the CAPRI score designed to predict one-year mortality after TAVI also predicts HF hospitalization. CAPRI score has been shown to be valuable for risk stratification before TAVI [START_REF] Lantelme | Development of a Risk Score Based on Aortic Calcification to Predict 1-Year Mortality After Transcatheter Aortic Valve Replacement[END_REF], and the present analysis indicates its utility in the followup of patients at risk of HF.

Despite procedural success, the risk of developing HF remains high after TAVI: HF hospitalization was experienced by 19.9% of patients in the present study and by up to 40% in other studies [START_REF] Durand | Incidence, Prognostic Impact, and Predictive Factors of Readmission for Heart Failure After Transcatheter Aortic Valve Replacement[END_REF][START_REF] Urena | Late cardiac death in patients undergoing transcatheter aortic valve replacement: incidence and predictors of advanced heart failure and sudden cardiac death[END_REF]. HF reduces patients' wellbeing and prognosis, especially in older people like those typically treated with TAVI [START_REF] Durand | Incidence, Prognostic Impact, and Predictive Factors of Readmission for Heart Failure After Transcatheter Aortic Valve Replacement[END_REF][START_REF] Urena | Late cardiac death in patients undergoing transcatheter aortic valve replacement: incidence and predictors of advanced heart failure and sudden cardiac death[END_REF][START_REF] Van Riet | Epidemiology of heart failure: the prevalence of heart failure and ventricular dysfunction in older adults over time. A systematic review[END_REF]. It is further associated with depression ( 14), lower quality of life [START_REF] Guyatt | Measurement of health-related quality of life in heart failure[END_REF], and increased mortality [START_REF] Durand | Incidence, Prognostic Impact, and Predictive Factors of Readmission for Heart Failure After Transcatheter Aortic Valve Replacement[END_REF]. In the present study we again stress the association of HF and mortality. Improved identification of patients at high risk of HF would help focus management efforts on those patients post-TAVI who need the greatest vigilance, as well as reduce the risk of futile procedures.

Many factors are involved in HF ( 16) and some predictors have been identified in other studies, notably new pacemaker implantation (12) mitral regurgitation, low LVEF, atrial fibrillation, blood transfusion or renal insufficiency [START_REF] Durand | Incidence, Prognostic Impact, and Predictive Factors of Readmission for Heart Failure After Transcatheter Aortic Valve Replacement[END_REF][START_REF] Urena | Late cardiac death in patients undergoing transcatheter aortic valve replacement: incidence and predictors of advanced heart failure and sudden cardiac death[END_REF]. Some of these variables are part of the CAPRI score which includes cardiac, vascular and comorbid conditions, e.g., renal insufficiency, which is more prevalent in patients with HF and is an independent prognostic factor in diastolic and systolic dysfunction [START_REF] Damman | The kidney in heart failure: an update[END_REF]. The CAPRI score is unique in that it includes TAC, a surrogate of aortic stiffness and consequently high afterload, and impaired myocardial perfusion. This suggests a pathophysiological role for TAC in HF, especially HF with preserved LVEF [START_REF] Mitchell | Arterial stiffness and cardiovascular events: the Framingham Heart Study[END_REF][START_REF] Kawaguchi | Combined ventricular systolic and arterial stiffening in patients with heart failure and preserved ejection fraction: implications for systolic and diastolic reserve limitations[END_REF]. In the present cohort no significant difference of TAC was observed between HF and non-HF patients conversely to what has been previously observed with a longer follow-up of 1000 days. Yet, a greater proportion or heavily calcified patients (third tercile) are represented in the HF than in the non-HF subgoups (data not shown). [START_REF] Harbaoui | Aorta calcification burden: Towards an integrative predictor of cardiac outcome after transcatheter aortic valve implantation[END_REF]. Aortic stiffness has also been linked to HF [START_REF] Mitchell | Arterial stiffness and cardiovascular events: the Framingham Heart Study[END_REF] in other settings. Post-TAVI, high vascular load will continue to exert a detrimental effect on LV function [START_REF] Harbaoui | Aortic calcifications present the next challenge after TAVR[END_REF][START_REF] Harbaoui | Aorta calcification burden: Towards an integrative predictor of cardiac outcome after transcatheter aortic valve implantation[END_REF][START_REF] Yotti | Systemic vascular load in calcific degenerative aortic valve stenosis: insight from percutaneous valve replacement[END_REF] contributing to HF.

Other post TAVI parameters may promote HF such as PASP >60 mm Hg, aortic regurgitation, vascular access, or pacemaker implantation [START_REF] Durand | Incidence, Prognostic Impact, and Predictive Factors of Readmission for Heart Failure After Transcatheter Aortic Valve Replacement[END_REF][START_REF] Urena | Late cardiac death in patients undergoing transcatheter aortic valve replacement: incidence and predictors of advanced heart failure and sudden cardiac death[END_REF][START_REF] Chamandi | Long-Term Outcomes in Patients With New Permanent Pacemaker Implantation Following Transcatheter Aortic Valve Replacement[END_REF]. Yet taking these variables into account in the multivariate model did not reduce the prognostic value of the CAPRI score. In contrast, the EUROSCORE, which was developed for patients undergoing cardiac surgery and not calibrated on TAVI patients [START_REF] Watanabe | Is EuroSCORE II better than EuroSCORE in predicting mortality after transcatheter aortic valve implantation? Catheterization and cardiovascular interventions : official journal of the Society for[END_REF], did not predict HF, further confirming the value of the CAPRI score.

Predicting outcomes may be particularly important in LGAS patients since they are known to be at higher risk of morbidity and mortality than non-LGAS patients [START_REF] Harbaoui | Aorta calcification burden: Towards an integrative predictor of cardiac outcome after transcatheter aortic valve implantation[END_REF][START_REF] Gegeneva | Prognostic Value of Thoracic Aorta Calcification Burden in Patients Treated With TAVR[END_REF][START_REF] Ribeiro | Transcatheter Aortic Valve Replacement in Patients With Low-Flow, Low-Gradient Aortic Stenosis: The TOPAS-TAVI Registry[END_REF] and are more prone to suffer from HF after TAVI [START_REF] Durand | Incidence, Prognostic Impact, and Predictive Factors of Readmission for Heart Failure After Transcatheter Aortic Valve Replacement[END_REF][START_REF] Urena | Late cardiac death in patients undergoing transcatheter aortic valve replacement: incidence and predictors of advanced heart failure and sudden cardiac death[END_REF]. LGAS is a complex condition, in which the valvular impediment may be intertwined with other pathophysiological determinants such as systolic and diastolic dysfunction [START_REF] Briand | Reduced systemic arterial compliance impacts significantly on left ventricular afterload and function in aortic stenosis: implications for diagnosis and treatment[END_REF] and high vascular load [START_REF] Cramariuc | Low-flow aortic stenosis in asymptomatic patients: valvular-arterial impedance and systolic function from the SEAS Substudy[END_REF]. This makes the prediction of outcomes based on classical parameters, mainly valvular criteria, extremely challenging [START_REF] Ribeiro | Transcatheter Aortic Valve Replacement in Patients With Low-Flow, Low-Gradient Aortic Stenosis: The TOPAS-TAVI Registry[END_REF]. Possibly because of the multifactorial pathophysiology, CAPRI score seems to be particularly adapted to predict HF after TAVI in LGAS patients.

Clinical implications

Calculation of CAPRI score may be a useful addition to the initial work-up for a more personalized evaluation of candidates for a TAVI procedure [START_REF] Mack | TAC for TAVR: What Is the Score?[END_REF][START_REF] Pibarot | Imaging Is the Cornerstone of the Management of Aortic Valve Stenosis[END_REF]. For some patients, TAVI can be a futile intervention even after procedural success. In patients with a high CAPRI score in whom TAVI is still considered necessary, close monitoring and intensification of medical treatment after the procedure may be indicated. This may be even truer in LGAS patients.

A high CAPRI score may be defined as higher than 0.7 as it corresponds to the mortality cutoff proposed in the pivotal trial [START_REF] Lantelme | Development of a Risk Score Based on Aortic Calcification to Predict 1-Year Mortality After Transcatheter Aortic Valve Replacement[END_REF] and as it also selects patients belonging to the tertile associated with the highest risk of HF.

STUDY LIMITATIONS

HF hospitalization wasn't assessed in 2 of the 4 centers involved in the CAPRI study, however the number of patients included in the CAPRI HF study and the number of events allowed a robust analysis. The diagnosis of HF may be challenging [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 retaining only HF requiring hospitalization has certainly strengthened the robustness of the outcome. It has allowed us to check that the clinical judgment and the paraclinical tests were consistent with this diagnosis. Natriuretic peptides would have been interesting in this respect but unfortunately they were not available in this cohort. Yet, in the particular setting of TAVI patients, the diagnostic value of NT-proBNP remains uncertain because of the numerous confounders that may alter its significance (left ventricular hypertrophy, atrial fibrillation, renal failure…) and because of the lack of unequivocal threshold [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]. A more precise classification of HF would have been valuable but this was not assessed. It would have been interesting to assess the stroke volume index in order to better categorize LGAS patients.

CONCLUSIONS

The CAPRI score is predictive of HF hospitalization after TAVI, including LGAS patients.

Calculation of CAPRI scores may be valuable as part of the initial work-up for a more personalized evaluation of TAVI candidates. The score allows a better identification of poor responders to a TAVI procedure as well as of patients at high residual HF risk post-procedure.

LEGENDS Figure 1

Cumulative incidence curves according to the three groups defined according to groups defined on tertiles of CAPRI score for all patients and in subgroups according to mean aortic gradient. 
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 24 Adjusted for pre-TAVI parameters: diabetes, atrial fibrillation d Model 3 Adjusted for post-TAVI parameters: vascular access (femoral Y N), blood transfusion or severe vascular access leakage, aortic regurgitation >2, pulmonary systolic blood pressure (high, low, undefined), new pacemaker implantation Adjusted for both pre and post TAVI parameters: diabetes, atrial fibrillation, vascular access (femoral Yes, No), blood transfusion, aortic regurgitation >2, pulmonary artery systolic pressure (high, low, undefined), new pacemaker implantation

Table 1 . Patient's baseline characteristics (CAPRI HF cohort)

 1 BMI, body mass index; GFR, glomerular filtration rate; CAD, coronary artery disease; PVD, peripheral vascular disease; TIA, transient ischemic attack; COPD, chronic obstructive pulmonary disease; NYHA, New York Heart Association; TTE, transthoracic echography; LVEF, left ventricular ejection fraction; LGAS, low gradient aortic stenosis; MR, mitral regurgitation; TAC, thoracic aortic calcifications, nonmes, non-measurable; PASP pulmonary artery systolic pressure *mean ± sd

	All	No Hospitalization for HF	Hospitalization for HF	p

Table 2 . Relative risk of HF hospitalization in unadjusted and adjusted Cox regression models.

 2 

		Hospitalization for HF	Hospitalization for HF
		All N=392		LGAS N=132
		HR [95% CI]	p	HR [95% CI]	p
	CAPRI score +0.1 unit a	1.072 [1.032-1.112] <0.001 1.084[1.022-1.149]	0.007
	CAPRI score +0.1 unit b	1.066 [1.024-1.110] 0.002	1.080[1.012-1.151]	0.020
	CAPRI score +0.1 unit c	1.060 [1.019-1.101] 0.003	1.085[1.021-1.152]	0.008
	CAPRI score +0.1 unit d	1.072 [1.030-1.115] 0.001	1.097[1.028-1.170]	0.005
	CAPRI score +0.1 unit e 1.065 [1.021-1.110] 0.003	1.098[1.028-1.172]	0.005

HF, heart failure; HR, hazard ratio; CI, confidence interval; LGAS, low gradient aortic