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Abstract
Aims: The aim of this study was to determine the long-term outcomes of high-risk patients who underwent 
transcatheter aortic valve implantation (TAVI) with the third-generation CoreValve device, according to the 
2017 EAPCI/ESC/EACTS definition of valve durability.

Methods and results: Between 2007 and 2013, 278 consecutive patients were enrolled in our prospective 
single-centre CoreValve registry (mean age 82±6 years, mean STS score 6.4±5.0%). The median follow-
up of survivors was 6.8 years. The Cox proportional hazards model was used to identify independent pre-
dictors of HF rehospitalisation and all-cause mortality. Predictors of HF rehospitalisation were LVEF, MR 
and PVL at the last echocardiographic follow-up. The majority of patients were in NYHA Class I or II and 
showed mild/trivial paravalvular leak throughout follow-up. Mean pressure gradients remained stable over 
time. The overall crude cumulative incidences of structural valve deterioration and bioprosthetic valve fail-
ure were 3.6% and 2.5%, respectively.

Conclusions: Although overall mortality was high in this elderly patient cohort, the CoreValve bioprosthe-
sis showed good durability at seven-year follow-up.
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Abbreviations
AKI acute kidney injury
BVF bioprosthetic valve failure
COPD chronic obstructive pulmonary disease
MPG mean pressure gradient
PVL paravalvular leak
STS Society of Thoracic Surgeons
SVD structural valve deterioration
TAVI transcatheter aortic valve implantation
VARC Valve Academic Research Consortium

Introduction
Transcatheter aortic valve implantation (TAVI) has become the 
standard of care for high-risk and inoperable surgical patients 
and a valid alternative in intermediate-risk patients with severe 
aortic stenosis1-4. The five-year outcomes of the balloon-expand-
able Edwards SAPIEN bioprosthesis (Edwards Lifesciences, 
Irvine, CA, USA)5,6, along with the five-year follow-up of the self-
expanding CoreValve® bioprosthesis (Medtronic, Minneapolis, 
MN, USA)7,8, showed good performance with low rates of pros-
thetic valve degeneration.

The paucity of evidence on the long-term durability of currently 
available transcatheter heart valves is one of the main concerns 
that prevents TAVI from being used in younger and lower-risk 
patients.

Recently, some evidence on longer follow-up of TAVI reporting 
single-centre experiences has been published9-12.

The purpose of this analysis was to assess the outcomes of TAVI 
beyond five years, and the durability of the third-generation self-
expanding CoreValve prosthesis according to the new European 
standardised definitions13.

Patients and methods
PATIENT SELECTION
All consecutive patients (n=278) from our centre included in 
the Clinical Service Project (sponsored by Medtronic Italy; 
ClinicalTrials.gov NCT01007474) who underwent CoreValve 
implantation between September 2007 and July 2013 were ana-
lysed. Preoperative, intraoperative and postoperative follow-up 
data were prospectively recorded in a dedicated database.

Decisions on the indication for TAVI and procedural planning 
were based on the consensus of the Heart Team composed of clini-
cal and interventional cardiologists and cardiac surgeons.

The study complied with the Declaration of Helsinki and was 
approved by the local ethics committee. All patients provided 
informed consent.

DATA AND DEFINITIONS
Functional status was graded according to the New York Heart 
Association (NYHA) classification.

The Society of Thoracic Surgeons predicted risk score (STS 
score), the logistic European System for Cardiac Operative Risk 
Evaluation score (logistic EuroSCORE) and the European System 

for Cardiac Operative Risk Evaluation II (EuroSCORE II) were 
used to calculate the risk of operative mortality and morbidity. 
Three classes of operative risk were defined according to the STS 
score: low (STS <4%), intermediate (STS ≥4% and <8%), and 
high (≥8%).

Postoperative outcomes were recorded according to criteria of 
the updated Valve Academic Research Consortium (VARC-2)14.

Structural valve deterioration (SVD) and bioprosthetic valve 
failure (BVF) were defined according to the EAPCI/ESC/EACTS 
definitions13.

PROCEDURE AND FOLLOW-UP
The 18 Fr third-generation CoreValve prosthesis, available in the 
26, 29 and 31 mm sizes, was implanted using the transfemoral 
(n=218), trans-subclavian (n=54) or transaortic (n=6) approach. 
All procedures were performed under fluoroscopic guidance, the 
majority of them under local anaesthesia (n=225); general anaes-
thesia and endotracheal intubation were performed in 53 cases. 
The implantation technique has been described previously15.

Clinical and echocardiographic follow-up data were prospec-
tively collected at discharge, one month, six months and yearly 
thereafter. Data on survival, NYHA class, adverse events and 
echocardiographic evaluation were obtained through outpatient 
visits, telephone interviews, and from collected external medical 
reports.

In case of suspicion of valve thrombosis based on echocardio-
graphy (e.g., leaflet thickening and/or calcification), multi-detector 
computed tomography was performed.

The date of follow-up census was July 2018.

STATISTICAL ANALYSIS
Categorical variables are presented as frequencies and percent-
ages, and continuous data are expressed as mean±standard devia-
tion (SD).

Survival was assessed using the Kaplan-Meier estimator with 
curves plotted along with the 95% confidence interval (CI). A log-
rank test was used for survival comparisons between groups. The 
reverse Kaplan-Meier method was used to calculate the median 
survival time.

Landmark analyses at 30 days and seven years were also per-
formed, and the incidence of the outcomes was assessed using the 
Kaplan-Meier method at landmark points. The cumulative inci-
dence function adjusted for death-competing risks was used to 
estimate the incidence of SVD and BVF.

The Cox proportional hazards regression method was used for 
univariate and multivariate assessment of possible predictors of 
all-cause mortality and of heart failure (HF) rehospitalisation. 
Potential covariates in the multivariate analysis were considered 
because of their statistical significance in the univariate analysis 
and/or because of their described or supposed clinical relevance.

The hazard ratio is presented with 95% CI. A p-value <0.05 was 
considered statistically significant.
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Long-term outcomes and durability of TAVI

The SPSS statistical software package, Version 23 (IBM Corp., 
Armonk, NY, USA), R statistics version 3.3.3 (R Foundation for 
Statistical Computing, Vienna, Austria) and MedCalc version 
14.8.1.0. (MedCalc Software, Ostend, Belgium) were used for sta-
tistical analysis.

Results
Clinical follow-up was available in all patients (100%). A total of 
278 patients (mean age 82.3±5.5 years, mean STS score 6.4±5.0%) 
were included in the study.

All patients had severe symptomatic aortic stenosis (baseline 
mean transaortic pressure gradient 51.9±15.5 mmHg). Baseline 
demographic and periprocedural data are listed in Table 1 and 
Table 2, respectively.

There were 68 survivors (24.5%) at a median follow-up of 
6.83 years, while 210 patients died. The median survival time 
was 4.7 years (95% CI: 4.3-5.1 years). The longest follow-up was 
10.8 years.

The estimated cumulative survival rates at 1, 5, and 8 years were 
82%, 45%, and 20%, respectively (Figure 1A). Survival stratified 
according to STS class of risk showed a stable separation of curves 
(p=0.02) (Figure 1B). When patients who died within 30 days 
(7.5%) were excluded, seven-year all-cause mortality was 68.0%, 
as illustrated by the landmark analyses (Figure 1C, Figure 1D).

Survivors beyond five-year follow-up were 127 (45%), of 
whom 69 (54%) had an echocardiographic annual assessment 
(mean echocardiographic follow-up 6.12 years; longest follow-
up 9.7 years) (Supplementary Figure 1). This subgroup was 

composed of patients with a major incidence of prior acute myo-
cardial infarction (AMI), among baseline characteristics, and of 
cardiovascular rehospitalisations during follow-up. Patients with-
out echo data more frequently had chronic obstructive pulmonary 
disease (COPD) and left ventricular dysfunction (Supplementary 
Table 1).

Predictors of all-cause mortality are listed in Table 1, Table 2, 
and Supplementary Figure 2.

Causes of death in the study population are listed in 
Supplementary Table 2.

FUNCTIONAL OUTCOME AND PREDICTORS OF HF 
REHOSPITALISATION
Freedom from cardiovascular rehospitalisation at 1, 5 and 
8 years was 80%, 57% and 40%, respectively (Figure 2A). 
Rehospitalisation due to cardiovascular reasons after discharge 
occurred in 41% (115) of patients and, among all 157 rehospitali-
sations, more than half (85) were due to worsening HF (Figure 2B, 
Supplementary Table 3). Among baseline and periprocedural fea-
tures, none was significantly associated with increased HF rehos-
pitalisations, both at univariate and at multivariate analysis. 
Among echocardiographic data available at last follow-up, left 
ventricular ejection fraction (LVEF) (p=0.04), mitral regurgitation 
(MR) (p=0.03) and paravalvular leak (PVL) (p=0.04) were inde-
pendent predictors of HF rehospitalisation at multivariate analysis 
(Figure 3A, Figure 3B, Supplementary Table 4).

Significant clinical improvement was demonstrated in the 
majority of patients who were in NYHA Class I or II early post 

Table 1. Baseline demographics and univariate Cox regression analysis of baseline predictors for all-cause mortality.

Baseline demographic variable
All  

n=278
Alive  

n=68 (24.5)
Dead  

n=210 (75.5)
Univariate Cox regression HR  

(95% CI)
p-value

Age, years 82.26±5.51 82.3±5.14 82.24±5.63 1.003 (0.979-1.027) 0.82

Male gender, n (%) 132 (47.48) 32 (46.38) 100 (47.85) 0.940 (0.716-1.233) 0.65

BMI 26±4.38 26±3.98 26±4.49 0.994 (0.962-1.027) 0.72

CAD, n (%) 130 (46.76) 30 (43.48) 100 (47.85) 1.121 (0.854-1.472) 0.41

PAD, n (%) 82 (29.5) 19 (27.5) 63 (30.14) 0.960 (0.710-1.298) 0.79

Hypertension, n (%) 234 (84.2) 58 (84.05) 176 (84.21) 1.075 (0.739-1.564) 0.71

Statin treatment, n (%) 71 (25.5) 29 (42) 42 (20.1) 0.641 (0.456-0.899) 0.01

Diabetes, n (%) 84 (30.22) 21 (30.43) 63 (30.14) 1.034 (0.769-1.391) 0.83

Prior AMI, n (%) 40 (14.4) 7 (10.15) 33 (15.8) 1.144 (0.788-1.661) 0.48

Severe COPD, n (%) 46 (16.55) 4 (5.8) 42 (20.1) 1.538 (1.095-2.160) 0.01

Logistic EuroSCORE 19.7±12.6 17±9.5 20.62±13.39 1.005 (0.989-1.021) 0.572

EuroSCORE II 5.8±4.6 5.06±3.24 6.01±4.93 1.045 (1.013-1.077) 0.005

STS score 6.36±4.95 6.14±4.89 6.43±4.98 1.034 (1.006-1.062) 0.016

Creatinine 1.35±0.92 1.25±0.4 1.38±1.04 1.160 (1.010-1.332) 0.036

Baseline LVEF <50%, n (%) 104 (37.4) 19 (27.5) 85 (40.67) 1.404 (1.064-1.853) 0.017

MR >mild, n (%) 128 (46.04) 30 (43.48) 98 (46.89) 1.286 (0.975-1.697) 0.075

NYHA IV, n (%) 14 (5.04) 3 (4.35) 11 (5.3) 2.008 (1.090-3.697) 0.025

AMI: acute myocardial infarction; BMI: body mass index; CAD: coronary artery disease; COPD: chronic obstructive pulmonary disease; LVEF: 
left ventricular ejection fraction; MR: mitral regurgitation; NYHA: New York Heart Association; PAD: peripheral artery disease; STS: Society of 
Thoracic Surgeons
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TAVI and throughout follow-up. At seven-year follow-up, 50% 
and 42% of surviving patients were in NYHA Class I and II, 
respectively (Supplementary Figure 3).

HAEMODYNAMIC VALVE PERFORMANCE AND DURABILITY
A complete echocardiographic assessment was available for 
23 patients up to seven years of follow-up; fewer patients had 

longer echocardiographic follow-up available. In the majority of 
patients, PVL at discharge and throughout follow-up was none/
trace or mild. A variable proportion of patients (between 14% and 
30%) exhibited moderate PVL throughout seven years of follow-
up. Longer follow-up (eight and nine years) showed non-signi-
ficant PVL (mild or trivial/none), although data were available 
only for a few patients at these time points. From 0.6% to 1.0% 
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Figure 1. Kaplan-Meier estimates of death. A) Death from any cause plotted with 95% confidence intervals (CI). B) Death from any cause 
according to STS score classes (blue line: STS <4%; green line: STS ≥4% and <8%; red line: STS ≥8%). Landmark analyses: death from any 
cause at 30 days (C) and seven years (D) with 95% CI.

Table 2. Periprocedural outcomes and univariate Cox regression analysis of procedure-related predictors of all-cause mortality.

Periprocedural variable
All  

n=278
Alive  
n=68

Dead  
n=210

Univariate Cox regression
HR (95% CI)

p-value

Stroke/TIA, n (%) 6 (2.2) 1 (1.5) 5 (2.4) 2.500 (1.029-6.078) 0.044

Permanent PM implantation, n (%) 98 (35.3) 24 (35.3) 74 (35.24) 1.028 (0.772-1.370) 0.85

PVL >mild, n (%) 59 (21.22) 14 (20.59) 45 (21.43) 1.014 (0.727-1.415) 0.933

Major vascular complication, n (%) 44 (15.83) 9 (13.24) 35 (16.7) 0.972 (0.675-1.400) 0.879

Life-threatening bleeding, n (%) 38 (13.67) 7 (10.3) 31 (14.76) 1.111 (0.758-1.630) 0.589

AKI, n (%) 60 (21.58) 9 (13.24) 51 (24.29) 1.351 (1.101-1.658) 0.004

AKI: acute kidney injury; PM: pacemaker; PVL: paravalvular leak; TIA: transient ischaemic attack
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Long-term outcomes and durability of TAVI

of patients at one-month and two-year follow-up showed severe 
PVL. The degree of PVL over time is shown in Figure 4A.

Mean pressure gradient (MPG) decreased from 52±16 mmHg 
(pre TAVI) to 9±5 mmHg (at discharge) (p<0.001). Postoperative 
MPG remained low and stable throughout follow-up (Figure 4B). 
At seven and nine years, MPG was 9±3 mmHg and 9±2 mmHg, 
respectively.

Definite late BVF, defined as severe haemodynamic SVD 
(>30 days after TAVI procedure) and/or valve dysfunction requir-
ing reintervention, occurred in five patients (1.8%). Of these, 
three underwent reintervention: one patient underwent successful 

valve-in-valve implantation for severe stenosis (day 1,693); two 
patients underwent surgical aortic valve replacement (SAVR), one 
because of endocarditis (day 858), and one because of severe PVL 
(day 156). The remaining two patients with prosthesis failure did 
not undergo further interventions; both patients presented with 
severe stenosis and regurgitation (day 1,973 and day 2,465, respec-
tively) and died of HF (day 3,569 and day 2,961, respectively).

Finally, two cases of probable BVF (supposed valve-related 
death) were recorded: one patient with documented moder-
ate stenosis (day 2,193) died because of HF (day 2,288), while 
another patient with moderate SVD (worsening intraprosthetic 
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Figure 2. Functional assessment: Kaplan-Meier estimates of rehospitalisation. A) Rehospitalisation for cardiovascular reasons (95% CI). 
B) Rehospitalisation for heart failure (95% CI) (time to first event).

 HR p-value

LVEF <50% (pre TAVI) 1.189 0.57
Systolic pulmonary 
artery pressure 1.014 0.22

Severe MR 1.572 0.36
Mean pressure 
gradient (pre TAVI) 0.991 0.34

COPD 1.515 0.18
LVEF <50% (discharge) 1.250 0.48
Moderate-severe PVL 0.888 0.69
Severe patient-prosthesis 
mismatch 0.322 0.12

 HR p-value

LVEF <50% (last echo) 1.805 0.04
MR > mild (last echo) 1.904 0.03
PVL > mild (last echo) 1.919 0.04
Mean pressure gradient
(last echo) 1.024 0.14

A

B

0.01 0.1 101
HR

0.1 101
HR

Figure 3. Predictors of HF rehospitalisation. Multivariate Cox regression analysis of (A) baseline and periprocedural and 
(B) echocardiographic data at last available follow-up.
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regurgitation from mild to moderate at day 555) and HF died at 
day 1,197.

Three other patients showed moderate SVD, all due to wors-
ening regurgitation from mild to moderate, and died because of 
non-cardiovascular diseases. Valve thrombosis or late valve embo-
lisation was not observed.

Cases of SVD and BVF are listed in Supplementary Table 5.
At eight years, the overall crude cumulative incidence of SVD 

and of BVF was 3.6% and 2.5%, respectively. Freedom from 
BVF at actual analysis (cumulative incidence) was 97.5% and the 
Kaplan-Meier estimate (actuarial analysis) was 82% at eight years 
(Figure 5).

Discussion
TAVI is recommended in current guidelines as the first choice 
treatment for patients with aortic stenosis who are at high risk 
for conventional aortic valve replacement16, based on the results 
of two randomised clinical trials demonstrating that TAVI is at 
least non-inferior to surgery at one to three years of follow-up in 
this patient subset1,2. Although numerous studies have reported 

favourable short-term and midterm outcomes with TAVI in high-
risk patients, few long-term data on durability are available. 
Moreover, the issue of prosthesis durability is key to extending 
TAVI to younger patient cohorts at lower surgical risk. Indeed, 
the 2017 European Guidelines on Valvular Heart Disease propose 
TAVI as an alternative to surgery in “intermediate-risk” patients, 
based on recent studies4,16, but caution against the use of TAVI 
in patients younger than 75 years of age and in low surgical risk 
patients.

To the best of our knowledge, our study represents one of the 
largest long-term follow-up studies on the CoreValve prosthesis9,12, 
with a median follow-up of nearly seven years and a sizeable 
number of echocardiographic data beyond five years of follow-up.

In our series of 278 consecutive patients, we found a seven-
year survival rate of 24.5% which is comparable to that recently 
reported in a similar population9. The high mortality we observed 
during follow-up is not surprising, considering the old age and the 
multiple comorbidities of our population.

We observed favourable long-term clinical outcomes: rehospi-
talisations due to cardiovascular reasons after discharge occurred 
in 41% of patients.

The one- and five-year freedom from cardiovascular events was 
consistent with the rate previously reported7; our study is the first 
to describe the freedom from cardiovascular events at eight years, 
which was about 40%. Interestingly, among all studied variables, 
LVEF, MR and PVL detected at last echocardiographic follow-
up were found to be independent predictors of HF rehospitalisa-
tion: this result would suggest that, only when these parameters 
tend to stabilise during follow-up, they may be related with long-
term clinical events and gain a prognostic meaning for HF rehos-
pitalisation. It is well known, indeed, that all these factors have 
shown a variable pattern (stable, improvement or deterioration) in 
the periprocedural period of TAVI11,15,17.
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Moderate-to-severe PVL was associated with an increased 
five-year cardiovascular mortality, but not with all-cause mortal-
ity in the PARTNER 1B trial6. In our study, we confirmed that 
moderate-to-severe PVL at discharge was not associated with 
increased overall mortality (Supplementary Figure 2), though 
significant PVL at follow-up was associated with HF rehospitali-
sation (Figure 3B).

Finally, concomitant significant MR is usually reported in 
patients with severe aortic stenosis with discordant results on the 
clinical effect of baseline MR on outcomes after TAVI17. In our 
series, the persistence or the occurrence of moderate-to-severe MR 
during follow-up was associated with a worse long-term clinical 
outcome (Figure 3B).

VALVE PERFORMANCE
One of the most important findings of this study concerns valve 
performance that was good at seven years, with SVD observed in 
only 10 patients.

Notably, only five cases of definite late BVF (1.8%) occurred, 
in which severe prosthesis dysfunction with clinical correlates was 
present. Two further cases of probable late BVF were observed.

Toggweiler et al5 reported favourable five-year outcomes after 
TAVI, with signs of moderate prosthetic valve failure in 3.4% of 
patients and no cases of severe prosthetic regurgitation or stenosis, 
according to VARC-1 criteria. Similarly, in the Italian CoreValve 
registry7, late BVF occurred in five cases (1.4%), as assessed 
according to VARC-1 criteria.

Gerckens et al8 reported a post hoc analysis on durability in 
860 patients after TAVI with a CoreValve bioprosthesis, confirm-
ing a good midterm durability according to VARC-2 criteria.

However, those results are not comparable due to the different 
definitions of SVD and BVF used.

More recently, some authors have reported single-centre expe-
riences beyond five years9-12 defining BVF and SVD according 
to the new standardised criteria13 and using actual analysis to 
establish freedom from BVF. Deutsch et al9 reported a cumula-
tive incidence of SVD of 14.9% at seven years: they analysed 
two different transcatheter heart valves (CoreValve and SAPIEN) 
with a more favourable outcome for the CoreValve TAVI (11.8% 
against 22.6%; p=0.01). Although they found a greater incidence 
of SVD compared to our study, the BVF rate was still low (overall 
11 patients [3.6%] and only three cases among CoreValve [1.4%]).

Eltchaninoff et al10 reported a low rate of SVD and of BVF 
(3.2% and 0.58%, respectively) in a series of 378 patients who 
underwent balloon-expandable TAVI.

Finally, Holy et al11 reported a cumulative rate of BVF at eight 
years of 4.5% in a series of 152 patients treated with a CoreValve 
implantation.

Although the number of patients surviving and with an 
echocardiographic follow-up beyond five years was rela-
tively small, our study is the largest analysing solely long-term 
CoreValve behaviour. Furthermore, our study is the first to 
describe detailed functional outcome at eight years after TAVI, 

including rehospitalisation for cardiovascular events and for HF 
and its possible predictors among clinical and echocardiographic 
variables.

In the present analysis, we report satisfactory long-term valve 
performance in terms of MPG, which remained steady over time.

Freedom from BVF at actual analysis (cumulative incidence 
function) was 97.5% and at Kaplan-Meier estimate (actuarial 
analysis) 82% at eight years.

Several large series have reported the long-term outcomes of 
surgical bioprostheses, with 10-year freedom from valvular fail-
ure in the range of 60% to 95%, depending on prosthesis type and 
patient characteristics18-20. Importantly, patients undergoing SAVR 
were on average younger and at lower risk than patients included 
in TAVI studies, making indirect comparisons of long-term dura-
bility inappropriate. Indeed, it is well established that age is 
inversely related to SVD19. Moreover, some surgical series evalu-
ate durability in terms of survival or freedom from reintervention; 
others also include worsening of haemodynamic parameters with-
out standardised definitions20,21.

The five-year results of the NOTION trial, comparing TAVR 
versus SAVR in low-risk patients, presented at the ACC Scientific 
Session 2018, for the first time showed comparable five-year rates 
of transcatheter and surgical BVF (7.5% versus 6.7%, p=0.89).

In our study, the occurrence of SVD was not correlated to factors 
previously reported to be associated with SVD of surgical prosthe-
ses, i.e., younger age, higher BMI, patient-prosthesis mismatch, 
renal failure, dyslipidaemia, smaller annulus and valve size19, 
because of the small number of SVD observed. Furthermore, there 
are also fundamental differences between TAVI and SAVR that 
may impact on the natural history of SVD13. Finally, valve throm-
bosis and endocarditis have recently been recognised as additional 
mechanisms leading to transcatheter valve dysfunction22,23.

Although larger studies are needed to determine the rates of 
SVD and BVF of transcatheter valves at long-term follow-up, our 
findings demonstrate a favourable durability of self-expanding 
transcatheter valves at seven-year follow-up.

Limitations
The current study is a non-randomised, observational single-cen-
tre study. The results are self-reported with no independent data 
validation from an external laboratory, which certainly prevents 
generalisation. The number of patients surviving and with an 
echocardiographic follow-up of more than seven years was rela-
tively small.

Furthermore, the results may have been influenced by a “learn-
ing curve”, considering that our study enrolled the first 278 con-
secutive patients who underwent CoreValve implantation between 
2007 and 2013 in our centre. Greater operator experience, better 
patient selection and improvements in valve technology in more 
recent years may favourably affect the long-term outcomes of 
TAVI. Despite these limitations, the strength of our analysis lies in 
the clinical and echocardiographic prospective evaluation of out-
comes and durability.
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Conclusions
TAVI with the third-generation CoreValve device was associated 
with an overall cumulative incidence of SVD of 3.6% and BVF 
of 2.5% at seven years. This procedure appears to be a valid and 
lasting treatment for severe aortic stenosis in high surgical risk 
patients.

Impact on daily practice
Data on long-term clinical outcomes and durability of TAVI 
are scarce. Our study shows favourable long-term results with 
good valve durability at seven years of follow-up. If confirmed 
in larger studies, these findings may allow the use of this 
technology in a younger and lower-risk population.
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Supplementary Figure 1. Study flow chart. 

 

 

 



 

 

Supplementary Figure 2. Multivariate Cox regression analysis (all-cause mortality).  

A) Baseline predictors of all-cause mortality.  

B) Periprocedural predictors of all-cause mortality. 



 

 

 

Supplementary Figure 3. NYHA class over time (years). 

  



Supplementary Table 1. Comparison between patients with and without echocardiographic data 

beyond 5-year follow-up.  

Baseline demographic variable 

All 

n=127 

With echo data 

n=69 (54) 

Without echo data 

n=58 (46) 

p-value 

Age, years 82.37±5.52 83.01±5.58 81.60±5.38 0.15 

Male gender, n (%) 60 (47.24) 32 (46.38) 28 (48.28) 0.83 

BMI 26±4.38 26±4.40 26±4.38 0.73 

CAD, n (%) 55 (43.30) 30 (43.48) 25 (43.1) 0.97 

PAD, n (%) 34 (26.78) 20 (28.99) 14 (24.14) 0.54 

Diabetes, n (%) 37 (29.13) 23 (33.33) 14 (24.14) 0.26 

Prior AMI, n (%) 15 (11.81) 13 (18.84) 2 (3.45) 0.007 

Severe COPD, n (%) 15 (11.81) 2 (2.90) 13 (22.41) <0.001 

EuroSCORE II 5.04±3.33 4.50±2.55 5.69±4.00 0.64 

STS score 5.59±4.15 5.46±4.15 5.75±4.19 0.65 

Creatinine 1.26±0.65 1.22±0.56 1.31±0.74 0.31 

Baseline LVEF <50%, n (%) 41 (32.29) 15 (21.74) 26 (44.83) 0.006 

MR >mild, n (%) 55 (43.30) 30 (43.48) 25 (43.10) 0.97 

Periprocedural data 

Periprocedural stroke/TIA, n (%) 1 (0.78) 0 (0) 1 (1.72) - 

AKI, n (%) 23 (18.11) 10 (14.49) 13 (22.41) 0.25 

PVL >mild, n (%) 27 (21.26) 12 (17.39) 15 (25.86) 0.25 

Patient-prosthesis mismatch, n (%) 26 (20.47) 14 (20.29) 12 (20.69) 0.96 

Prognostic data 

Mean survival time (years) 6.69±1.35 7.05±1.28 6.27±1.32 0.13 

HF rehospitalisation, n (%) 26 (20.47) 16 (23.19) 10 (17.24) 0.41 

Cardiovascular rehospitalisation, n (%)  47 (37) 31 (44.93) 16 (27.59) 0.04 

AKI: acute kidney injury; AMI: acute myocardial infarction; BMI: body mass index; CAD: coronary artery disease; 

COPD: chronic obstructive pulmonary disease; HF: heart failure; PAD: peripheral artery disease; STS: Society of 

Thoracic Surgeons 

  



Supplementary Table 2. Causes of death. 

 

Causes of death 

30 days 

n= 30 

1 year 

n=31 

5 years 

n=95 

>5 years 

n=54 

Cardiovascular death, n (%) 21 (70) 23 (74) 52 (54.7) 31 (57.4) 

Procedure-related death  8 (26.7) - - - 

Heart failure (without BVF) 10 (33.3) 13 (41.9) 21 (22.1) 9 (16.7) 

BVF 0 0 2 (2.1) 5 (9.3) 

AMI 0 1 (3.2) 1 (1.0) 0 

Sudden death 0 2 (6.5) 6 (6.3) 1 (1.9) 

Pulmonary embolism 0 1 (3.2) 1 (1.0) 0 

Vascular disease 0 0 0 1 (1.9) 

Stroke (ischaemic and haemorrhagic) 2 (6.7) 4 (12.9) 7 (7.4) 7 (13) 

Unknown 1 (3.3) 2 (6.5) 14 (14.7) 8 (14.8) 

Non-cardiovascular death, n (%) 9 (30) 8 (26) 43 (45.3) 23 (42.6) 

GI bleeding 1 (3.3) 0 2 (2.1) 0 

Intestinal ischaemia 0 0 4 (4.2) 0 

Cancer 1 (3.3) 3 (9.7) 9 (9.4) 3 (5.5) 

Accident (polytrauma, hip fracture) 0 1 (3.2) 4 (4.2) 1 (1.9) 

Infection/sepsis 6 (20) 1 (3.2) 4 (4.2) 5 (9.3) 

Pulmonary disease 0 0 4 (4.2) 3 (5.6) 

End-stage renal disease 0 1 (3.2) 3 (3.2) 1 (1.9) 

Cachexia  1 (3.2) 7 (7.4) 6 (11.1) 

Others (including neurological disorders) 1 (3.3) 1 (3.2) 6 (6.3) 4 (7.4) 

AMI: acute myocardial infarction; BVF: bioprosthetic valve failure 

 

 

 

 

 



 

Supplementary Table 3. Causes of cardiovascular rehospitalisation. 

 

Cardiovascular events n=157 

Acute heart failure, n (%) 85 (54.1) 

BVF, n (%) 7 (4.5) 

Ventricular arrhythmia, n (%) 2 (1.3) 

Pulmonary embolism, n (%) 6 (3.8) 

Ischaemic stroke, n (%) 19 (12.1) 

Haemorrhagic stroke, n (%) 8 (5.1) 

PM, n (%) 12 (7.6) 

CRT, n (%) 5 (3.2) 

AMI, n (%) 10 (6.4) 

Peripheral vascular disease, n (%) 3 (1.9) 

AMI: acute myocardial infarction; BVF: bioprosthetic valve failure; 

CRT: cardiac resynchronisation therapy; PM: pacemaker 

  

 

 

 

 

 

 

 

 

 

 

 



Supplementary Table 4. Predictors of HF rehospitalisation: univariate Cox regression analysis of 

baseline, periprocedural and echocardiographic data at last available follow-up. 

 

Baseline demographic variable All 

HF 

rehospitalisation 

No HF 

rehospitalisation 

Univariate COX 

regression 

p-

value 

 

n=253 n=61 n=192 HR (95% CI)  

LVEF  49.5±11 48.6±10.2 49.8±11.3 0.989 (0.969-1.010) 0.33 

LVEF <50%, n (%) 88 (34.8) 25 (41) 63 (32.8) 1.583 (0.950-2.638) 0.08 

sPAP, n (%) 40.9±11.6 42.2±12.6 40.5±11.2 1.019 (0.997-1.040) 0.09 

MR >mild, n (%) 115 (45.5) 30 (49.2) 85 (44.3) 1.452 (0.868-2.428) 0.16 

Severe MR, n (%) 15 (5.9) 5 (8.2) 10 (5.2) 2.182 (0.872-5.463) 0.09 

Mean pressure gradient 51.8±16.2 50.4±18.9 52.3±15.2 0.986 (0.970-1.002) 0.08 

Unrevascularised significant CAD, 

n (%) 
22 (8.7) 4 (6.6) 18 (9.4) 0.657 (0.235-1.840) 0.43 

Atrial fibrillation, n (%) 39 (15.4) 10 (16.4) 29 (15.1) 1.281 (0.646-2.541) 0.48 

Severe COPD, n (%) 42 (16.6) 15 (24.6) 27 (14) 1.664 (0.928-2.985) 0.09 

Periprocedural data (discharge) 

PVL >mild, n (%) 57 (22.5) 16 (26.2) 41 (21.3) 1.018 (0.563-1.840) 0.95 

PPM (moderate or severe), n 

(%) 

52 (20.5) 14 (23) 38 (19.8) 1.130 (0.661-1.934) 0.65 

Severe PPM, n (%) 5 (2) 2 (3.3) 3 (1.6) 0.353 (0.085-1.457) 0.15 

Echocardiographic data at last follow-up 

PVL >mild, n (%) 48 (19) 20 (32.8) 28 (14.6) 2.618 (1.509-4.543) <0.001 

Mean pressure gradient 8.78±5.19 11.20±8.26 8±3.41 1.043 (1.015-1.072) 0.003 

LVEF <50% last echo, n (%) 64 (25.3) 25 (41) 39 (20.3) 2.341 (1.389-3.942) 0.001 

MR >mild last echo, n (%) 101 (39.9) 30 (49.2) 71 (37) 2.176 (1.279-3.701) 0.004 

CAD: coronary artery disease; COPD: chronic obstructive pulmonary disease; LVEF: left ventricular ejection fraction; 

MR: mitral regurgitation; PPM: patient-prosthesis mismatch; PVL: paravalvular leak; sPAP: systolic pulmonary artery 

pressure 

 



Supplementary Table 5. SVD and BVF cases.  

 

 

Age Male Diabetes 

Renal 

failure 

Mitral 

stenosis 

Statin 

treatment 

Haemodynamic 

dysfunction 

Outcome 

N1 91 no no no no no 
severe stenosis 

and regurgitation 

valve-related 

death (BVF) 

N2 78 no no no no no 
moderate aortic 

regurgitation 

death for non-

cardiovascular 

reasons 

N3 88 no no no yes yes 

severe stenosis 

and moderate 

regurgitation 

valve-related 

death (BVF) 

N4 67 yes no 

yes, 

dialysis 

yes no severe stenosis 

redo TAVI 

(valve-in-valve) 

(BVF) 

N5 94 no no yes no no 
moderate stenosis 

and regurgitation 

supposed valve-

related death 

(probable BVF) 

N6 87 yes no yes yes yes 
moderate aortic 

regurgitation 

death for non-

cardiovascular 

reasons 

N7 80 no yes no no yes 

severe aortic 

regurgitation 

(endocarditis) 

SAVR, alive 

(BVF) 

N8 90 no yes yes no no 
moderate aortic 

regurgitation 

supposed valve-

related death 

(probable BVF) 

N9 83 yes yes yes yes yes 

moderate/severe 

aortic 

regurgitation 

death for non-

cardiovascular 

reasons 

N10 77 yes no no no no severe PVL 
SAVR 

(BVF) 

 

 

 

 

 




