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Abstract

Aims: We sought to determine the long-term outcome of high-risk patients who underwent transcatheter
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. - aortic valve replacement (TAVR) with first-generation devices with a focus on the identification of predic-
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tors for mortality and valve durability.

Methods and results: Consecutive patients in our prospective single-centre registry undergoing TAVR
with first-generation devices (n=214 CoreValve; n=86 SAPIEN) between 06/2007 and 07/2009 were retro-
spectively analysed (n=300, mean age 81.43+6.55 years, mean STS score 6.5+4.5%). Kaplan-Meier esti-
mates of survival and the Cox proportional hazards model were used to identify independent predictors of
all-cause-mortality. At 1, 5, and 7 years, estimated survival rates were 76.0%, 40.2%, and 23.2%, respec-
tively. Age-adjusted baseline predictors of mortality included atrial fibrillation, impaired kidney function,
peripheral artery disease, and mitral regurgitation (>moderate). Baseline risk-adjusted procedure-related
predictors for all-cause mortality included acute kidney injury, neurological events, major vascular compli-
cations, and major/life-threatening bleeding. At both five and six years, 78.2% of surviving patients were in
NYHA Class I or II. PVL was <mild in the majority of patients at discharge and throughout follow-up. At
seven years, the overall crude cumulative incidence of structural valve deterioration according to the 2017
EAPCI/ESC/EACTS definition was 14.9% (CoreValve 11.8% vs. SAPIEN 22.6%; p=0.01).

Conclusions: Seven years after TAVR, 23.2% of high-risk patients were still alive. Independent predictors
of all-cause mortality included both patient- and procedure-related factors. With a cumulative incidence of
14.9% at seven years, there is some suggestion that SVD post TAVR may become increasingly relevant

during longer-term follow-up.
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Abbreviations

AR aortic regurgitation

MPG mean pressure gradient

MR mitral regurgitation

NYHA  New York Heart Association

PVL paravalvular leak

SVD structural valve deterioration

TAVR transcatheter aortic valve replacement
THV transcatheter heart valve

TR tricuspid regurgitation

VARC Valve Academic Research Consortium

Introduction

Transcatheter aortic valve replacement (TAVR) was developed as
an alternative treatment modality for patients with severe sympto-
matic aortic valve stenosis, for whom the operative risk for sur-
gical aortic valve replacement (SAVR) is considered too high or
prohibitive. TAVR is now considered to be equivalent or supe-
rior to SAVR in high- or intermediate-risk patients'. Follow-up
data of up to five years after TAVR are available from different
registries and from the Placement of Aortic Transcatheter Valves
(PARTNER) trial**. Since TAVR is increasingly being applied for
patients with intermediate- or even lower-risk profiles, data on
long-term transcatheter heart valve durability beyond the five-year
horizon will become important but, so far, remain limited.

We sought to determine the long-term outcome of high-risk
patients who underwent TAVR focusing on the identification of
independent baseline- and procedure-related risk factors for mor-
tality and valve durability.

Patients and methods

STUDY DESIGN AND PATIENT POPULATION

All consecutive patients (N=300) from our single-centre registry
who underwent TAVR between June 2007 and September 2009
were analysed retrospectively. Preoperative, intraoperative, and
perioperative data were prospectively recorded in a dedicated data-
base. Decisions on the indications for TAVR and procedural plan-
ning were based on the consensus of a local multidisciplinary team
composed of interventional cardiologists and cardiac surgeons.
The designs of the first-generation self-expanding CoreValve®
(Medtronic, Minneapolis, MN, USA) and the balloon-expandable
SAPIEN (Edwards Lifesciences, Irvine, CA, USA) transcatheter
heart valves (THVs) have been described previously®. The study
complied with the Declaration of Helsinki and was approved by
the local ethics committee of the Technical University of Munich.
All patients provided informed consent.

DATA AND DEFINITIONS

The Society of Thoracic Surgeons’ predicted risk score (STS
score) and the logistic European System for Cardiac Operative
Risk Evaluation score (logEuroSCORE) were used preopera-
tively to calculate the risk of operative mortality and morbidity.
Functional status was graded according to the New York Heart

Association (NYHA) classification. Postoperative outcomes were
recorded according to criteria of the updated Valve Academic
Research Consortium (VARC-2)’. Structural valve deterioration
(SVD) and bioprosthetic valve failure (BVF) were defined accord-
ing to the EAPCI/ESC/EACTS definitions®.

FOLLOW-UP

Clinical and echocardiographic follow-up data were collected at
discharge, six months and yearly thereafter. Data on vital sta-
tus, NYHA functional class, and adverse events were obtained
at outpatient clinic patient visits, through telephone calls with
the patient or the referring cardiologists/family doctor, and from
collected external medical reports. The date of follow-up census
was September 2016, which allowed a minimum potential follow-
up duration of seven years. The median follow-up as calculated
by the reverse Kaplan-Meier estimator was 7.14 years. Median
observed follow-up (until death or lost to follow-up) was 4.1 years
(ranging from 0 to nine years), resulting in a cumulative follow-up
time of 1,147.7 years.

STATISTICAL ANALYSIS

Categorical variables are presented as frequencies and percent-
ages, and continuous data are expressed as mean+SD. Survival
was assessed using the Kaplan-Meier estimator, with curves plot-
ted 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 follow-up
time. A life table of the general German population (2010-2012)
was downloaded from www.destatis.de and used to calculate the
expected cumulative survival of the study population. The Cox
proportional hazards regression method was used for univariate
and multivariate assessment of candidate predictors of all-cause
mortality. The STS score was added to the model for baseline
risk adjustment of the multivariate analysis used to identify the
independent procedural predictors of all-cause mortality. Potential
covariates in the multivariate analysis were considered because of
their described or supposed clinical relevance regardless of their
statistical significance in the univariate analysis. The cumulative
incidence function for competing risk was used to estimate the
crude incidence of SVD. The hazard ratio is presented as mean
plus 95% CI. A p-value<0.05 was considered to indicate statistical
significance. The SPSS statistical software package, Version 22
(IBM Corp., Armonk, NY, USA) and R statistics version 3.3.2
(R Foundation for Statistical Computing, Vienna, Austria) were
used for statistical analysis.

Results

A total of 300 patients (mean age 81.43+6.55 years, mean STS
score 6.5+4.5%, mean logEuroSCORE 21.2+13.3%) were
included in the study. A CoreValve or SAPIEN THV was used
in 214 patients (71.3%) and 86 patients (28.7%), respectively.
Baseline demographic, procedural and periprocedural data are
listed on the left side of Table 1 and Table 2, respectively.



Long-term outcome after TAVR

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

Baseline demographic variahle

Univariate Cox regression

HR (95% CI)

p-value

Age (yrs) 81.43+6.55 80.29+5.58 81.8+6.81 1.030 (1.006-1.054) 0.012
Gender male (%/n) 36.7%/n=110 28.8%/n=21 39.2%/n=89 1.192 (0.913-1.557) 0.197
BMI kg/m? 26.39+4.63 26.92+4.42 26.22+4.70 0.978 (0.950-1.007) 0.137
CAD (%/n) 52.7%/n=158 46.6%/n=34 54.6%/n=124 1.183 (0.910-1.538) 0.209
PAD (%/n) 26.0%/n=78 16.4%/n=12 29.1%/n=66 1.482(1.112-1.977) 0.007
CVD (%/n) 16.7%/n=50 11.0%/n=8 18.5%/n=42 1.314 (0.939-1.839) 0.111
PHT (%/n) 23.7%/n=71 16.4%/n=12 26.0%/n=59 1.220 (0.906-1.641) 0.190
Creatinine (mg/dl) 1.23+0.61 0.99+0.28 1.31+0.61 1.463 (1.226-1.746) <0.001
eGFR (ml/min) 46.37+21.06 55.42+20.38 43.45+20.48 0.984 (0.977-0.991) <0.001
Lung disease obstr/restr (%/n) 22.3%/n=67 16.4%/n=12 24.2%/n=55 1.243 (0.917-1.684) 0.161
Rhythm (%/n) SR 76.3%/n=229 86.3%/n=63 55.3%/n=166 1.000 -
Afib 23.7%/n=71 13.7%/n=10 26.9%/n=61 1.486 (1.107-1.995) 0.008
Previous PM (%/n) 10.0%/n=30 4.1%/n=3 11.9%/n=27 1.174 (0.785-1.755) 0.434
LVEF (%/n) LVEF >50% 60.0%/n=180 71.2%/n=52 56.4%/n=128 1.000 -
LVEF 30-50% 23.0%/n=69 16.4%/n=12 25.1%/n=57 1.536 (1.122-2.104) 0.007
LVEF <30% 17.0%/n=51 57.5%/n=42 4.0%/n=9 1.438 (1.014-2.039) 0.042
APmean (mmHg) 48.57+16.90 47.78+16.82 52.67+16.81 0.995 (0.987-1.004) 0.301
APmax (mmHg) 78.63+25.08 77.39+24.81 85.07+25.77 0.998 (0.992-1.003) 0.389
AVA (cm?) 0.64+0.18 0.64+0.18 0.63+0.20 0.594 (0.285-1.234) 0.162
MR >moderate (%/n) 23.7%/n=71 6.8%/n=5 29.1%/n=66 1.800 (1.373-2.455) <0.001
TR >moderate (%/n) 20.7%/n=62 9.6%/n=7 24.2%/n=55 1.670 (1.215-2.297) 0.002
NYHA IV at baseline (%/n) 8.0%/n=24 2.7%/n=2 9.7%/n=22 1.958 (1.256-3.052) 0.003
Previous cardiac surgery (%/n) 16.7%/n=50 12.3%/n=9 18.1%/n=41 1.118 (0.797-1.568) 0.520
logEuroSCORE (%) 21.20+13.31 17.04+9.30 22.53+14.13 1.017 (1.007-1.026) <0.001
STS score (%) 6.47+4.48 4.64+2.76 7.06+4.76 1.083 (1.055-1.112) <0.001

Afib: atrial fibrillation; AVA: aortic valve area; BMI: body mass index; CAD: coronary artery disease; CVD: cerebrovascular disease; eGFR: estimated
glomerular filtration rate; LVEF: left ventricular ejection fraction; MR: mitral regurgitation; NYHA: New York Heart Association; PAD: peripheral artery
disease; PHT: pulmonary hypertension; PM: pacemaker; SR: sinus rhythm; STS: Society of Thoracic Surgeons; TR: tricuspid regurgitation

Table 2. Procedural/outcome data and univariate analysis of procedure-related predictors of all-cause mortality.

Procedural/outcome variable

Univariate Cox regression

HR (95% CI)

p-value

THV (%/n) CoreValve 71.3%/n=214 69.9%/n=51 71.8%/n=163 1.000 -
SAPIEN 28.7%/n=86 30.1%/n=22 28.2%/n=64 0.983 (0.735-1.314) 0.905

Access (%/n) | TF 65.7%/n=197 63.0%/n=46 66.5%/n=151 1.000 -
Non-TF 34.3%/n=103 37.0%/n=27 33.5%/n=76 0.963 (0.763-1.328) 0.963

Transapical 29.0%/n=87 31.5%/n=23 28.2%/n=64 - -

Subclavian 3.7%/n=11 4.1%/n=3 3.5%/n=8 - -

Transaortic 1.7%/n=5 1.4%/n=1 1.8%/n=4 - -
Stroke/TIA (%/n) 6.3%/n=19 4.1%/n=3 7.0%/n=16 2.059 (1.236-3.431) 0.006
New permanent PM (%/n) 22.0%/n=66 19.2%/n=14 22.9%/n=52 1.099 (0.806-1.498) 0.553
PVL >moderate at discharge (%/n) 6.7%/n=20 5.5%/n=4 7.0%/n=16 1.268 (0.762-2.109) 0.361
Major vascular complication (%/n) 17.3%/n=52 8.2%/n=6 20.3%/n=46 1.564 (1.131-2.163) 0.007
Major/life-threatening bleeding (%/n) 9.3%/n=28 1.4%/n=1 11.9%/n=27 3.155 (2.104-4.731) <0.001
Acute kidney injury (%/n) 18.4%/n=52 6.8%/n=5 22.5%/n=47 2.357 (1.699-3.271) <0.001

PM: pacemaker; PVL: paravalvular leak; TF:

transfemoral; THV: transcatheter heart valve; TIA: transient ischaemic attack
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SURVIVAL

At census, 227 mortality events were documented. There were
73 survivors at a median follow-up of 7.14 years. The median sur-
vival was 4.12 years (95% CI: 3.57-4.67 years). The estimated
cumulative survival rates at 1, 5, and 7 years were 76.0%, 40.2%,
and 23.2%, respectively. The risk for death was highest within the
first three months after the index procedure and decreased there-
after, such that the expected age- and sex-adjusted survival curve
was almost parallel to the observed curve (Figure 1A). Survival
stratified according to STS score intervals is depicted in Figure 1B.

PREDICTORS OF ALL-CAUSE MORTALITY

Univariate predictors of all-cause mortality are shown in Table 1
and Table 2, and the multivariate baseline and procedural predictors
are presented in Figure 2A and Figure 2B. Univariate Cox regression
analysis revealed a significant effect on mortality for age, peripheral
artery disease, elevated creatinine level, decreased estimated glomer-
ular filtration rate (eGFR), atrial fibrillation, impaired left ventricular

ejection fraction (LVEF), moderate-to-severe mitral and tricuspid

regurgitation (MR/TR), and NYHA Class IV at baseline. Both the
STS score and logEuroSCORE were significantly associated with
mortality (both p<0.001). Multivariate age-adjusted baseline predic-
tors of overall all-cause mortality included peripheral artery disease
(p=0.037), impaired kidney function (p=0.005), chronic atrial fibril-
lation (p=0.026), and the presence of preoperative MR >moderate
(p=0.003). The Kaplan-Meier survival curve stratified for the pres-
ence or absence of MR >moderate at baseline shows a progressive
separation of both curves (p<0.001) (Figure 1C). Moderate-to-severe
PVL was not associated with worse long-term survival (Figure 1D).
A strong trend, just barely missing statistical significance, was found
for the presence of chronic lung disease (p=0.063). Likewise, a trend
was found for the presence of cerebrovascular disease (p=0.101) and
TR >moderate (p=0.128). Results of multivariate analysis for base-
line predictors are depicted in Figure 2A.

All procedure-related factors found significant for association
with mortality by univariate analysis (Table 2) were also con-
firmed to have an independent effect on mortality by the final mul-
tivariate prediction model (Figure 2B). The multivariate baseline
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Figure 1. Kaplan-Meier survival estimates. A) Kaplan-Meier estimate of overall survival. B) Kaplan-Meier estimates of survival stratified

according to STS score intervals (<4%/4%-8%/>8%). C) Kaplan-Meier survival estimates of patients with or without moderate-to-severe MR

at baseline. D) Kaplan-Meier survival estimates of patients according to the presence or absence of significant PVL at discharge.



Long-term outcome after TAVR

A Baseline predictors for all-cause mortality
Beyond 1 year
Factor HR [p-value] HR [p-valuel
Age (per 5 years) 1.09[0.21] 1.23[0.02] oo J
Female gender 0.94 [0.701 0.84[0.32] b
PHT 1.01[0.94] 1.13[0.52] T ey
NYHA IV at baseline 1.07[0.781 1.64[0.12] '
CAD 0.8310.22] 0.891[0.52] P E
BMI (per 5 kg/m? increase) 1.13[0.23] 1.11[0.38] P s
TR >moderate 1.331[0.13] 1.30[0.25] pommmd e
LVEF <50% 1.20[0.34] 1.20[0.45]
Lung disease 1.36 [0.06] 1.18[0.43] P, I
CvD 1.35[0.101 1.55[0.05] S 1
eGFR (per 10 ml/min decrease) 1.16 [0.004] 1.09[0.15] Hietoy
Atrial fibrillation 1.4710.03] 1.36[0.38] '
Peripheral artery disease 1.41[0.04] 1.52[0.04] Pt
MR >moderate 1.64 [0.003] 1.83[0.003] e f
060 075 10 14 2.0
Hazard ratio/95% ClI
B Influence of periprocedural factors on all-cause mortality
Beyond 1 year
Factor HR [p-valuel HR [p-value]
STS score (per 10 points increase) 2.18 [<0.001] 2.87 [<0.001] [ 1
SAPIEN THV 0.90[0.72] 1.04[0.91] ' : !
Non-transfemoral access 1.3910.23] 1.13[0.74] ' -
New permanent PM 1.10[0.57] 1.23[0.31] [ Eem— 1
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TIA/stroke 2.15[0.004] 0.94[0.90] ' =
Maijor or life-threatening bleeding  2.46 [<0.001] 1.90[0.09] ' &
Acute kidney injury 1.88[0.0011 1.17 [0.55] et b 5
Major vasc. complication 1.91 [0.001] 1.88[0.0071] —— p

L e e—
060 075 10 14 20
Hazard ratio/95% Cl

Figure 2. Multivariate analysis. Age-adjusted baseline (A) and procedure-related (B) predictors of all-cause mortality for all patients and after

exclusion of death events occurring up to one year:

risk-adjusted (by inclusion of STS score into the model) procedure-
related predictors of overall all-cause mortality included the follow-
ing periprocedural complications (all within 30 days after the index
procedure): neurological event (p=0.004), major vascular compli-
cation (p=0.001), major/life-threatening bleeding (p<0.001), and
acute kidney injury (p=0.001) (Figure 2B). The relationship between
the need for pacemaker implantation and the risk of mortality was
not significant (p=0.574). Moreover, none of the following candi-
dates was found to be independently predictive of mortality: type
of access site (p=0.226), type of implanted valve (p=0.724), or the
presence of paravalvular leakage (PVL) >moderate at discharge
(p=0.244) (Figure 2B).

FUNCTIONAL OUTCOME
The majority of patients showed significant improvement and were
in NYHA functional Class I or II early post TAVR and throughout

follow-up. At five and six years, 68 (78.2%) of 87 and 49 (78.2%)
of 61 surviving patients, respectively, were in NYHA Class I or II
(Supplementary Figure 1A). The proportion of patients with free-
dom from NYHA Class III, IV, or death at 1, 5, and 7 years was
74.7%, 33.1%, and 11.4%, respectively (Supplementary Figure 1B).

HAEMODYNAMIC PERFORMANCE AND VALVE DURABILITY

PVL in the majority of patients at discharge and throughout fol-
low-up was none/trace or mild. Only a small proportion of patients
(between 4.4% and 11.7%) exhibited moderate PVL throughout
the follow-up period, and only 0.7% to 1.0% of patients showed
severe PVL. Postoperative MPG remained stable at lower levels
throughout the follow-up period (Supplementary Figure 2A). The
mean pressure gradient (MPG) at discharge was 11.844 mmHg.
MPGs over time are depicted in Supplementary Figure 2B. A total
of 37 patients showed an MPG >20 mmHg at least once during
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follow-up. In 91.9% (34 of 37) of these patients, the MPG was >20
and <30 mmHg; only three patients showed an MPG >30 mmHg.
At seven years, the overall crude cumulative incidence of SVD
according to the 2017 EAPCI/ESC/EACTS definition was 14.9%
(CoreValve 11.8% vs. SAPIEN 22.6%; p=0.01) (Figure 3). Late

BVF (severe haemodynamic SVD or repeat intervention follow-
ing confirmed bioprosthetic valve dysfunction >30 days after
initial TAVR procedure) occurred in 11 patients (n=8 SAPIEN/
n=3 CoreValve) of whom four underwent reintervention (all
valve-in-valve).
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Figure 3. Estimates for freedom from SVD, freedom from SVD or death and crude cumulative incidence function according to the 2017
EAPCI/ESC/EACTS definition. A), C) & E) All patients. B), D) & F) Stratified for valve type.



Discussion

Although positive short-term and midterm results after TAVR
have been reported, few long-term data are available. To the best
of our knowledge, our study represents the largest long-term fol-
low-up study, with a median follow-up of >7 years and a sizeable
number of patients remaining alive and at risk. The five-year sur-
vival rate of 40.3% seen for our cohort is comparable to five-year
survival rates ranging from 26% to 46% in various other study
cohorts**?. Since patients included in this study were elderly and
either inoperable or at high risk for surgery because of multiple
comorbidities, the high mortality we observed during follow-up
is not surprising.

An age-adjusted multivariate model revealed that the follow-
ing preoperative parameters were independently associated with
all-cause mortality: peripheral artery disease, impaired kidney
function, atrial fibrillation, and moderate-to-severe mitral regurgi-
tation, confirming the findings of other studies!®".

With a reported prevalence of approximately 15%, signi-
ficant MR is a common concomitant condition that is usually
left untreated in patients with severe aortic stenosis who undergo
TAVR'™, In our cohort, MR >moderate at baseline was present in
23.7% of patients and was the strongest independent predictor of
all-cause mortality, even after excluding death events occurring up
to one year postoperatively. A recent meta-analysis which included
8,000 patients showed that persistent MR >moderate was assoc-
iated with increased early and late mortality after TAVR'. We
think that a staged double-valve procedure should be considered
for such cases, especially since a variety of interventional treat-
ment tools is available.

In addition to patient-related factors, procedure-related factors
also affect mortality after TAVR. Although in our study the type
of THV device and access route did not affect outcome, various
TAVR-related complications including stroke/TIA, major vascu-
lar complication, major/life-threatening bleeding and acute kid-
ney injury were independently associated with all-cause mortality,
confirming the findings of other studies'®!”.

Interestingly, we found that moderate-to-severe PVL at dis-
charge was not associated with increased mortality (Figure 1D).
Post-TAVR PVL of varying degrees remains a frequent complica-
tion. A systematic review found a pooled estimate of 11.7% for
the overall incidence of moderate or severe PVL'S. The PARTNER
IB trial found that moderate-to-severe PVL was associated with
an increased five-year mortality risk in patients who underwent
TAVR’. A potential explanation might be the use of all-cause mor-
tality instead of cardiovascular mortality as an endpoint. In the
recent five-year follow-up report of the PARTNER 1B trial, mod-
erate-to-severe PVL affected cardiovascular mortality only and not
all-cause mortality'. Since moderate-to-severe PVL only occurred
in a small fraction of patients included in this study, statistical
power may have been limited.

With the broadening of indications for TAVR to include lower-
risk and younger patients, the long-term durability of THVs is of
increasing importance. There is a body of evidence demonstrating

Long-term outcome after TAVR

the durability of THV devices up to five years. The five-year
results of the randomised controlled PARTNER 1 trial were
favourable regarding valve durability; SVD that required surgi-
cal replacement was not observed’. For a multicentre study that
included 339 patients, Rodes-Cabau et al analysed data only from
patients with complete serial echocardiographic follow-up exami-
nations. Changes in residual AR and valve failures were not seen
during follow-up®. A recent study conducted by Dvir et al analysed
704 patients who had undergone TAVR between April 2002 and
May 2011 and followed 378 of the patients for up to 10 years.
They observed 35 cases of SVD according to VARC-2 criteria in
100 patients who survived at least five years, with a significant
number of deteriorating valves occurring between five and seven
years post TAVR. Freedom from SVD was seen in 82% of patients
at six years and 50% at eight years, results that are comparable
to our results (Dvir D. First look at long-term durability of trans-
catheter heart valves: assessment of valve function up to 10 years
after implantation. Presented at: EuroPCR 2016, Paris, France).
The overall crude cumulative incidence of SVD according to the
2017 EAPCI/ESC/EACTS definition in our study was 14.9% at
seven years. It should be noted that SVD estimates and incidences
reported in this manuscript were unadjusted for factors that might
have an important impact on results (i.e., patient selection, annu-
lus/valve size, underexpansion/overexpansion, balloon expansion
or self-expansion, implantation depth, etc.). The reasons for the
numerical and statistical differences between devices remain elu-
sive and require further investigation. SVD includes permanent
morphological changes of the valve which may finally result in
stenosis and/or intraprosthetic regurgitation. While THVs seem
to degenerate in a manner similar to surgical bioprostheses, there
are also fundamental differences between transcatheter and surgi-
cal aortic valve replacement that may impact on the natural his-
tory of SVD. THV leaflet injury may occur at the time of initial
valve crimping, balloon expansion or dilation, or as a result of
suboptimal leaflet coaptation, underexpansion/overexpansion,
leaflet folding, or leaflet-frame contact due to asymmetrical frame
expansion potentially predisposing to earlier tissue degeneration.
Another more recently recognised issue is valve thrombosis®*?!.
Of note, an in silico fatigue simulation study compared the dura-
bility of transcatheter and surgical bioprostheses under identical
loading conditions and with identical leaflet material properties.
Significantly higher leaflet stress and strains in THVs compared
to surgical valves were observed. The results of this study sug-
gest that, even when properly deployed, the durability of THVs
will be significantly reduced compared to surgical bioprosthe-
ses to about 7.8 years. The durability of THVs deployed in non-
optimal (elliptical or underexpanded) configurations is expected
to be further reduced?. Extended follow-up evaluations of elderly
high-risk patients will be challenging because of the high mortal-
ity rates at late follow-up. Comprehensive clinical and echocardio-
graphic evaluations in intermediate-risk patients are crucial before
the indications for TAVR can be safely extended to include lower-
risk and younger patients.
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Limitations

Our study is a non-randomised, observational single-centre study
and the results are self-reported with no external validation from
independent data, which certainly limits their generalisability. The
number of patients was relatively small; the multivariate predictors
of mortality identified as significant in our study should be con-
firmed in a larger sample. Moreover, because our study enrolled the
first 300 consecutive patients who underwent TAVR between 2007
and 2009 at our centre, results may have been affected by a “learn-
ing curve”. Several important variables have changed, including
new-generation devices, smaller delivery systems, greater experi-
ence in the selection of appropriate patients, and greater experience
in surgical procedures. Echocardiography was not evaluated by an
external core laboratory. Finally, we reported the date of death, but
not the cause of death. Therefore, we only reported all-cause mortal-
ity, but not cardiac- or valve-related mortality. The predictors of late
mortality were examined in a high-risk group of patients, among
whom non-cardiac death might have been frequent or cardiac death
might have been unrelated to valvular complications; therefore,
many “true” predictors of mortality might have been biased by the

overall high rates of mortality due to other causes.

Conclusions

After seven years, 23.2% of 300 high-risk patients remained alive
after undergoing TAVR with first-generation devices. Baseline-
and procedure-related factors were identified as being inde-
pendently associated with all-cause mortality. With an overall
cumulative incidence of 14.9% at seven years, there is some sug-
gestion that SVD post TAVR may become increasingly relevant
during longer-term follow-up. With the broadening of indications
for TAVR to include lower-risk and younger patients, close atten-

tion is required to determine the long-term durability of THVs.

Impact on daily practice

Over the long term, a high proportion of survivors maintained
good clinical status. Independent predictors of all-cause mortal-
ity included both patient-related (atrial fibrillation, impaired kid-
ney function, peripheral artery disease, and mitral regurgitation)
and procedure-related factors (acute kidney injury, neurological
events, major vascular complications, and major/life-threaten-
ing bleeding). There is some suggestion that SVD post TAVR
may become increasingly relevant during longer-term follow-
up. Thus, SVD post TAVR warrants further investigation.
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Supplementary data

Supplementary Figure 1. NYHA functional class over time, and
freedom from the composite endpoint NYHA III/IV or death.
Supplementary Figure 2. Degree of PVL over time, and mean

transprosthetic pressure gradients over time.

The supplementary data are published online at:
http://www.pcronline.com/

eurointervention/134th_issue/8
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Supplementary Figure 1A. NYHA functional class over time.
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Supplementary Figure 1B. Freedom from the composite endpoint NYHA I11/1V or death.
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