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Transcatheter aortic valve implantation (TAVI) has become a routine procedure to treat high-risk patients with symptomatic severe aortic stenosis [START_REF] Figulla | Transcatheter aortic valve implantation: evidence on safety and efficacy compared with medical therapy. A systematic review of current literature[END_REF][START_REF] Baumgartner | ESC/EACTS Guidelines for the management of valvular heart disease[END_REF][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] and its indications are extending to lower-risk populations [START_REF] Mack | Transcatheter Aortic-Valve Replacement with a Balloon-Expandable Valve in Low-Risk Patients[END_REF][START_REF] Popma | Transcatheter Aortic-Valve Replacement with a Self-Expanding Valve in Low-Risk Patients[END_REF] . Systemic corticosteroid treatment (SCT) is commonly used for several chronic diseases. Long-term use of SCT has many wellknown side effects, such as tissue fragility, in particular cutaneous and vascular, and delayed wound healing [START_REF] Sholter | Adverse effects of corticosteroids on the cardiovascular system[END_REF][7][START_REF] Liu | A practical guide to the monitoring and management of the complications of systemic corticosteroid therapy[END_REF][START_REF] Wei | Taking glucocorticoids by prescription is associated with subsequent cardiovascular disease[END_REF] . Data from percutaneous coronary interventions have shown a significant increase in the rate of complications in these patients [START_REF] Ellis | Effects of long-term prednisone (≥5 mg) use on outcomes and complications of percutaneous coronary intervention[END_REF] . To date, only few studies have assessed the effects of the use of corticosteroids on outcomes after TAVI, with some discrepancies [START_REF] Fink | Vascular complications in steroid treated patients undergoing transfemoral aortic valve implantation[END_REF][START_REF] Higuchi | Transcatheter aortic valve implantation in patients on corticosteroid therapy[END_REF][START_REF] Oestreich | Exposure to glucocorticoids prior to transcatheter aortic valve replacement is associated with reduced incidence of high-degree AV block and pacemaker[END_REF][START_REF] Havakuk | Steroid therapy and conduction disturbances after transcatheter aortic valve implantation[END_REF] . In the current context of expanding TAVI indications [START_REF] Rahhab | Expanding the indications for transcatheter aortic valve implantation[END_REF] , the identification of predictors of poor outcomes is necessary for a better patient selection to prevent complications and avoid futile procedures. The aim of this study was to describe the impact of chronic use of SCT on the early and late outcomes after TAVI.

Methods

All patients consecutively treated with TAVI in our center between October 2006 and November 2018 were prospectively included in a dedicated local database.

Eligibility for TAVI was based on the judgement of a local Heart Team composed of clinical and interventional cardiologists, anesthesiologists and cardiac surgeons. Patients in the SCT group were defined by the use of oral corticosteroids for at least 30 days before the procedure. Prednisone equivalent was calculated for each of them. Patients treated with a short course of systemic corticosteroids or with inhaled corticosteroids 4 and all other patients without prior SCT were included in the non-SCT group. Followup was achieved by means of outpatient visits or phone contacts at 30 days and 12 months. TAVI procedures were performed in catheterization laboratory by experienced operators using either balloon-expandable heart valves (Edwards SAPIEN, SAPIEN XT or SAPIEN 3 -Edwards Lifesciences, Irvine, CA, USA) or self-expanding devices (CoreValve, Evolut R or Evolut PRO -Medtronic, Minneapolis, MN, USA). Prior to the procedures, a careful assessment of the diameter, tortuosity and degree of calcification of the iliac and femoral arteries was performed for each patient to assess the suitability of the transfemoral access. Antiplatelet (Aspirin and/or clopidogrel) and anticoagulation therapy were administered according to current recommendations. All patients were monitored in the intensive care unit during at least 24 hours after the procedure.

Study endpoints were 30-day vascular and bleeding complications, permanent pacemaker (PPM) implantation, acute kidney injury, stroke and cardiac tamponade, which were defined according to the Valve Academic Research Consortium-2 (VARC-2) criteria and one-year all-cause mortality.

Categorical variables are presented as numbers and percentages. Continuous variables are expressed as means ± standard deviation if normally distributed, as median and interquartile range if not normally distributed. Comparisons between the two groups (SCT and non-SCT) were performed using the two-sided chi-square or Fisher's exact tests for categorical data. For continuous data the Student's t-test or Wilcoxon test were performed according to data distribution. Statistical significance was considered for pvalues < 0.05. Survival rates were estimated by Kaplan-Meier analysis, and groups were compared using the log-rank tests. Cox proportional hazard stepwise regression analysis was carried-out to identify independent predictors of 1-year all-cause mortality. All univariate predictors of 1-year mortality with p<0.05 were included in the final model.

Statistical analyses were performed using the Statistical Package for Social Sciences version 22 (SPSS Inc., IBM, New York, USA)

Results

Between October 2006 and November 2018, a total of 1299 patients underwent TAVI in our institution. Among them, 48 (3.7%) received chronic SCT treatment at the time of intervention. The median daily prednisone equivalent dose was 7.5 [5 to 10] mg.

Table 1 shows the main demographic and echocardiographic characteristics at baseline, according to the use of chronic SCT. Indications for SCT use are listed in Table 2.

Overall, the mean age of the study population was of 81 ± 10 years with no difference between both groups. Patients with SCT tended to be more frequently women (60% vs 47%; p=0.08) and were more often treated with dialysis (12% vs 3% p=0.002). All other comorbidities and baseline echocardiographic data were similar between both groups.

As well, computed tomography, which was performed in 93% of the patients, did not show any difference between groups in femoral minimal luminal diameters of patients treated via a transfemoral access.

Procedural findings are shown in Table 3. Most procedures were performed under conscious sedation and loco-regional anaesthesia (68%), using the transfemoral access, without differences between the SCT and non-SCT groups (85% vs 81% respectively, p=0.57). Balloon-expandable and self-expanding prostheses were similarly used in both groups. There was no difference regarding procedural outcomes.
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Thirty-day outcomes are displayed in Figure 1 and Table 4. The SCT group had more frequently major vascular complications, major or life-threatening bleedings and cardiac tamponades than the non-SCT group. These differences remained significant after adjustment by the need for dialysis before the procedure: major vascular complications: Hazard Ratio (HR): 2.52, (95% Confidence Interval [CI]: 1.14-5.9), p=0.023; major or life-threatening bleedings, HR: 2.02 (95%CI: 1.00-4.08), p=0.050; cardiac tamponades, HR: 4.05, (95%CI: 1.35-12.15), p<0.001. The causes of tamponade in the SCT-group were left ventricle perforations due to the guide wire in 3 cases and annulus rupture in 1 case. Moreover, patients receiving corticosteroids were less frequently discharged to home than those without. No significant difference was observed between both groups regarding other complications, although there were trends towards higher rates of mortality, stroke and myocardial infarction, and lower rates of pacemaker implantation in the SCT than in the non-SCT group.

At one-year follow-up, 18 (37%) patients had died in the SCT group versus 157 (12%) in the non-SCT group (log-rank p<0.0001) (Figure 2 and Table 4). Of the 175 deaths observed at one year in overall population, 132 (75%) were cardiovascular. The leading cause of death in the SCT-group was cardiovascular (55%). However, compared to the non-SCT group, the non-cardiovascular mortality rate was higher in the SCTgroup (44% vs 22%, p=0.047). Univariate and multivariate predictors of 1-year allcause mortality are shown in Table 5. The use of chronic SCT was an independent predictor of all-cause mortality (HR 2.29 (95%CI 1.16-4.50), p=0.017) at one-year.

Discussion

The present study is the largest among the few studies on TAVI patients using chronic systemic corticosteroid treatment reported to date. The main findings suggest an association between the use of chronic SCT and worse clinical outcomes. It increases the rates of procedural and early major complications of TAVI and represents an independent predictor of 1-year mortality, related to non-cardiovascular deaths in nearly 50% of the patients.

Our findings show that the chronic use of SCT is associated with an increased rate of major vascular complications, major or life-threatening bleedings and tamponades related to perforation of the left ventricle by the wire in patients undergoing TAVI. The tissue fragility induced by the treatment can probably explain this excess risk. The longer hospital stay of this population further reflects its high-risk profile. Our results slightly differ from those of Fink et al. [START_REF] Fink | Vascular complications in steroid treated patients undergoing transfemoral aortic valve implantation[END_REF] who found an excess of only minor vascular complications after TAVI in steroid-treated patients, but their work had several limitations. Only 25 patients received corticosteroid therapy and most of them (52%) were treated with inhaled corticosteroids for chronic obstructive pulmonary disease or asthma, which may have underestimated the complications related to the systemic effect of corticosteroids. Indeed, recent robust data from randomized controlled studies and meta-analyses show that inhaled corticosteroids have an excellent safety profile and no impact on cardiovascular outcomes [START_REF] Brook | Cardiovascular outcomes with an inhaled beta2agonist/corticosteroid in patients with COPD at high cardiovascular risk[END_REF][START_REF] Jing | Risk of Cardiovascular Events Associated with Inhaled Corticosteroid Treatment in Patients with Chronic Obstructive Pulmonary Disease: A Meta-Analysis[END_REF] . The 30-day outcomes in the overall study population are consistent with those found in randomized trials [START_REF] Leon | Transcatheter or Surgical Aortic-Valve Replacement in Intermediate-Risk Patients[END_REF][START_REF] Reardon | Surgical or Transcatheter Aortic-Valve Replacement in Intermediate-Risk Patients[END_REF] or real-world registries [START_REF] Walther | Perioperative Results and Complications in 15,964 Transcatheter Aortic Valve Replacements: Prospective Data From the GARY Registry[END_REF][START_REF] Auffret | Temporal Trends in Transcatheter Aortic Valve Replacement in France: FRANCE 2 to FRANCE TAVI[END_REF] regarding major vascular complications (4.1 to 7.9%), major or lifethreatening bleeding (10.4 to 26.3%), cardiac tamponade (1.0 to 2.0%), PPM implantation (8.5 to 25.9%) and all-cause death (2.2 to 5.4%).
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At one-year follow-up, the chronic use of SCT appears to be an independent predictor of all-cause mortality. The excess mortality observed in the SCT group, which was non-significant at discharge, progressively increased with time, reflecting the impact of frailty and the severity of comorbidities present in this population. This statement is supported by the large proportion of non-cardiovascular deaths in the latter (44%, vs only 22% in patients not receiving SCT), in the context of frequent severe underlying diseases. The estimated cumulative survival rate at one-year in the whole population (86%) is close to that described in the literature [START_REF] Leon | Transcatheter or Surgical Aortic-Valve Replacement in Intermediate-Risk Patients[END_REF][START_REF] Reardon | Surgical or Transcatheter Aortic-Valve Replacement in Intermediate-Risk Patients[END_REF] .

Conduction disturbances after TAVI have various causes including baseline conduction defects, annulus size, type of prosthesis, calcification of the left ventricular outflow tract and depth of implantation. However, this adverse event remains largely unpredictable. Due to mechanical compression, the implanted aortic bioprosthesis induces a local inflammatory reaction and edema with potential secondary conduction disorders. Based on this pathophysiology, the anti-inflammatory properties of corticosteroids have been studied in this setting. Havakuk et al. studied a cohort of 39 patients who received a loading dose of prednisone the day prior to the TAVI procedure, followed by intravenous administration of hydrocortisone 1 hour prior to the procedure, mostly because of an allergy to iodine. No difference was found regarding the incidence of new conduction defects and the need for PPM implantation [START_REF] Havakuk | Steroid therapy and conduction disturbances after transcatheter aortic valve implantation[END_REF] . However, Oestreich et al. recently found a lower rate of 30-day PPM implantation in 16 patients receiving corticosteroids prior to TAVI procedure, supporting the antiedematous theory [START_REF] Oestreich | Exposure to glucocorticoids prior to transcatheter aortic valve replacement is associated with reduced incidence of high-degree AV block and pacemaker[END_REF] . Our findings do not fully support this theory. However, although the difference was not statistically significant, there was a trend toward a lower 30-day PPM implantation rate in the SCT than in the non-SCT group (17% vs 23%). The implantation of PPM after TAVI remains a concern since many patients only require the pacemaker during the first weeks/months and do not use it anymore afterwards. The reversibility of these conduction disorders supports the hypothesis of a transient inflammation of the septal myocardium. Further large-scale studies will be needed to assess the place of inflammation modulating drugs and try to decrease the number of patients requiring PPM implantation. TAVI has generated enthusiasm for the treatment of patients with severe aortic stenosis in the last decade. Given its rapid development and the increased lifeexpectancy of the population, the risk stratification of the procedure will become even more crucial. Indeed, a substantial number of patients still do not really benefit from TAVI because of procedural complications or severity of their comorbidities [START_REF] Puri | TAVI or No TAVI: identifying patients unlikely to benefit from transcatheter aortic valve implantation[END_REF] .

Therefore, one challenge ahead is to better identify the predictors for poor outcomes after TAVI and establish an accurate risk stratification for each individual patient. Chronic use of SCT is present in almost 4% of TAVI patients in our experience. Our findings suggest that this is an important parameter to be considered when stratifying the risk of TAVI candidates, and that procedural complications should be particularly anticipated and prevented in this specific population.

Despite careful collection of prospective data, this is a non-randomized, observational study based on a single-center experience. Moreover, the sample size of steroids-treated patients was relatively small and the number of events that occurred was quite low. These limitations did not allow us to perform other analyses according to the treatment doses or the nature of underlying diseases. They precluded performing a propensity score matching analysis integrating potential confounding factors to provide some evidence of causality. Even more, we cannot exclude that these finding are a play 10 of chance. The study results should be seen rather as hypothesis generating than a true finding.

In conclusion, although no evidence of causality can be provided, this study suggests that the chronic use of SCT is a marker of risk of early major complications and of 1year all-cause mortality after TAVI. In the light of these results, particular attention should be paid when discussing TAVI to adequately anticipate and prevent procedural complications and assess the estimated life expectancy to avoid futile interventions in this high-risk population.
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FIGURE LEGENDS FIGURE 1:

Thirty-day outcomes after TAVI according to the use of chronic systemic corticosteroid therapy.

FIGURE 2:

One-year survival estimated by Kaplan-Meier analysis according to the use of chronic systemic corticosteroid therapy 

  

  

Tableau 5. Cox hazard regression analysis for predictors of one-year all-cause mortality.

  

		Univariate analysis	Multivariate analysis
	Variable				
		HR (95% CI)	p-value	HR (95% CI)	p-value
	Age, years	1.00 (0.99-1.02)	0.99		
	Female	0.96 (0.71-1.29)	0.77		
	BMI (kg/m 2 )	0.96 (0.93-0.99)	0.011	0.96 (0.92-0.99)	0.046
	Euroscore II (%)	1.05 (1.05-1.06)	<0.0001	1.07 (0.98-1.05)	0.26
	NYHA class III or IV	1.74 (1.10-2.75)	0.017	1.09 (0.64-1.86)	0.75
	Diabetes mellitus	1.16 (0.83-1.61)	0.38		
	Coronary artery disease	1.56 (1.16-2.10)	0.004	1.17 (0.77-1.79)	0.46
	Previous cardiac surgery	1.40 (1.01-1.93)	0.047	0.93 (0.55-1.56)	0.78
	Coronary bypass	1.22 (0.63-2.33)	0.56		
	Previous TIA/Stroke	0.82 (0.50-1.36)	0.45		
	Atrial fibrillation/Flutter	1.77 (1.31-2.39)	<0.0001	1.31 (1.06-1.62)	0.014
	Pacemaker	1.43 (0.99-2.05)	0.055		
	Peripheral artery disease	1.88 (1.37-2.59)	<0.0001	1.76 (1.15-2.67)	0.009
	Chronic obstructive pulmonary disease	1.27 (0.86-1.88)	0.22		
	eGFR (ml/min)	0.99 (0.99-1.00)	0.11		
	Dialysis	1.99 (1.05-3.78)	0.034	1.67 (0.70-3.95)	0.25
	LVEF (%)	0.98 (0.97-0.99)	0.003	0.99 (0.98-1.01)	0.80
	Mean transaortic gradient (mmHg)	0.99 (0.97-0.99)	0.001	1.00 (0.99-1.00)	0.078
	PASP (mmHg)	1.02 (1.00-1.03)	0.016	1.00 (0.99-1.02)	0.98
	Chronic systemic corticosteroid treatment	2.84 (1.74-4.62)	<0.0001	2.29 (1.16-4.50)	0.017
	BMI: body mass index; CI: confidence interval; eGFR: estimated glomerular filtration rate; HR: hazard
	ratio; LVEF: left ventricular ejection fraction; NYHA: New York heart association class, PASP:
	Pulmonary artery systolic pressure; TIA: transient ischemic attack