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CLINICAL RESEARCH

INTERVENTIONS FOR VALVULAR DISEASE AND HEART FAILURE

Assessment of structural valve deterioration of transcatheter
aortic bioprosthetic balloon-expandable valves using the new
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Abstract

Aims: Durability of transcatheter aortic bioprosthetic valves remains a major issue. Standardised defini-

KEYWORDS

« aortic stenosis tions of deterioration and failure of bioprosthetic valves have recently been proposed. The aim of this study

o TAVI
e valve stenosis

was to assess structural transcatheter valve deterioration (SVD) and bioprosthetic valve failure (BVF) using
these new definitions.

Methods and results: All TAVI patients implanted up to September 2012 with a minimal theoretical five-
year follow-up were included. Systematic clinical and echocardiographic follow-up was performed annu-
ally. New standardised definitions were used to assess durability of transcatheter aortic bioprosthetic valves.
From 2002 to 2012, 378 patients were included. Mean age and logistic EuroSCORE were 83.3+6.8 years
and 22.8+13.1%. Thirty-day mortality was 13.2%. Nine patients had SVD including two severe forms and
two patients had definite late BVF. The incidence of SVD and BVF at eight years was 3.2% (95% CI: 1.45-
6.11) and 0.58% (95% CI: 0.15-2.75), respectively.

Conclusions: Even though limited by the poor survival of the very high-risk/compassionate early popula-
tion, our data do not demonstrate any alarm concerning transcatheter aortic valve durability. Careful pro-
spective assessment in younger and lower-risk patients and comparison with surgical bioprosthetic valves
are required for further assessment of the long-term durability of transcatheter valves.
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Abbreviations

AR aortic regurgitation

AS aortic stenosis

BVF bioprosthetic valve failure
Cl confidence interval

EOA effective orifice area

IGR interquartile range

NYHA  New York Heart Association

SAVR surgical aortic valve replacement
SVD structural valve deterioration
TAVI transcatheter aortic valve implantation

Introduction

Transcatheter aortic valve implantation (TAVI) is an established
treatment for severe symptomatic aortic stenosis (AS) in patients
deemed to be at high risk of surgical mortality or who are not suit-
able for surgery'. Improved devices and strategies, better patient
selection and increased operator experience have made the proce-
dure easier and safer’°. Recent studies, PARTNER 2A°, PARTNER
2837 and SURTAVI, demonstrated non-inferiority®® or superior-
ity” of TAVI in comparison to surgery in intermediate-risk patients.
Subsequently, a new indication was recently adopted for intermedi-
ate-risk patients in the 2017 revised US and European Guidelines'®.
Extension of TAVI to lower-risk patients is already in the pipe-
line with large ongoing randomised trials examining the value of
TAVI in younger patients without major comorbidities: PARTNER
3 using the SAPIEN 3 (Edwards Lifesciences, Irvine, CA, USA)
device, Medtronic Transcatheter Aortic Valve Replacement in Low
Risk Patients using the CoreValve (Medtronic, Dublin, Ireland),
NOTION-2, and UK TAVI trials. TAVI is currently at an explosive
stage of expansion and, among the remaining issues, the question
of long-term durability remains paramount. Some five-year data
from the randomised PARTNER 1 trial'® indicate no evidence of
premature structural valve deterioration (SVD) but long-term data
>5 years are lacking. Very recently, standardised European defini-
tions of SVD and bioprosthetic valve failure (BVF) in assessing
long-term durability of transcatheter and surgical aortic biopros-
thetic valves have been proposed'!. Here, we aimed to assess SVD
and BVF of balloon-expandable bioprosthetic aortic valves using
the new definitions in a series of consecutive patients treated up
to September 2012 and followed annually by echocardiography.

Editorial, see page 247

Methods

PATIENT SELECTION

From April 2002 to September 2012, 378 consecutive patients had
a balloon-expandable TAVI procedure performed in our university
hospital centre. All patients were prospectively included in trials
and registries. Systematic clinical and echocardiographic follow-
up was performed on site in all patients at one month, one year and
yearly thereafter. Whenever impossible on site, data were obtained
from the referent cardiologist or at the patient’s residence. The
last available echocardiographic evaluation was considered for
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analysis of non-fatal events. Very few of the 378 patients were
lost to follow-up (five only for clinical follow-up and six for
echocardiographic follow-up, including four from abroad).

All patients had severe symptomatic AS and had given their
signed informed consent to participate. Inclusion criteria were:
1) from 2002 to 2004, patients treated for compassionate reasons,
2) from 2004 to 2012, patients considered inoperable or at high
risk. The number of patients was limited on a yearly basis due to
the scarce availability of the TAVI device related to the absence of
reimbursement, to French regulations and strict eligibility criteria
to be included in protocols.

PROCEDURE

All transfemoral procedures were performed using local anaesthe-
sia and fluoroscopic guidance. A transseptal approach was mainly
used in the first 40 patients, a retrograde transfemoral arterial
approach using surgical cutdown until December 2009 and per-
cutaneous closure (Prostar® XL; Abbott Vascular, Santa Clara,
CA, USA) thereafter. Procedures have been described in detail
previously'>'3. Different types of valve were used: Percutaneous
Valve Technologies (23 mm, 2002-2004), Cribier-Edwards
(23 mm, 2004-2005), SAPIEN (23 and 26 mm, 2006-2009) and
then SAPIEN XT (23 and 26 mm, from 2009, and 29 mm from
2012), the last three all by Edwards Lifesciences. The transapical
approach became available in 2006.

DEFINITIONS
As recently proposed, moderate SVD was defined as mean
transprosthetic gradient >20 mmHg and <40 mmHg and/or >10
and <20 mmHg change from baseline (before discharge or within
30 days of valve implantation) and/or moderate new or worsen-
ing intraprosthetic aortic regurgitation. Severe SVD was defined as
mean gradient >40 mmHg and/or >20 mmHg change from base-
line (before discharge or within 30 days of valve implantation) and/
or severe new or worsening intraprosthetic aortic regurgitation. We
also evaluated bioprosthetic valve failure (BVF). BVF was defined
as autopsy findings of bioprosthetic valve dysfunction, likely related
to the cause of death, or valve-related death (i.e., any death caused
by bioprosthetic valve dysfunction or sudden unexplained death
following diagnosis of bioprosthetic valve dysfunction) or repeat
intervention (i.e., valve-in-valve TAVI, paravalvular leak closure
or surgical aortic valve replacement [SAVR]) following confirmed
diagnosis of bioprosthetic valve dysfunction and/or severe SVD.
Bioprosthetic valve dysfunction includes SVD, non-structural valve
deterioration (paravalvular regurgitation, patient-prosthesis mis-
match, prosthesis malposition, late embolisation leading to degener-
ation and/or dysfunction), thrombosis (leading to dysfunction and/or
thromboembolism) and endocarditis (leading to perivalvular abscess,
pseudoaneurysms, fistulae, vegetations, cusp rupture or perforation).
BVF can be categorised as definite (i.e., autopsy, reinterven-
tion, severe haemodynamic SVD) or probable (i.e., valve-related
death), and as early (i.e., up to 30 days) or late (i.e., >30 days)

according to the timing of onset after valve implantation''.
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STATISTICAL ANALYSIS

Quantitative continuous variables are described using means+
standard deviation and quantitative discrete variables with absolute
and relative frequencies throughout the manuscript; 95% confidence
intervals are provided for survival and freedom from SVD/BVF
analysis. Early events (<30 days post implantation) were calculated
as simple percentages (number of complications divided by number
of patients). Kaplan-Meier actuarial analysis was performed with
the Greenwood formula for variance to assess survival. For non-
fatal events, incidence of SVD and BVF was evaluated using death-
competing risks analysis with the cmprsk package (R Foundation
for Statistical Computing, Vienna, Austria). Statistical significance
was defined at a level of a<0.05. Analyses were performed with
SPSS, Version 17.0 (SPSS Inc., Chicago, IL, USA) and R version
3.0.0 (R Core Team, 2013; R Foundation for Statistical Computing).

Results

EARLY OUTCOMES

Baseline and procedural characteristics are presented in Table 1
and Table 2. Mean age was 83.3+6.8 years and 45.9% were male.
Patients were highly symptomatic, 75.1% in New York Heart
Association (NYHA) Class III/IV, and they had severe and multiple
comorbidities with a mean logistic EuroSCORE of 22.8+13.1%.
Aortic stenosis was severe with an effective orifice area (EOA)
of 0.68+0.19 cm? and a mean gradient of 49.8+16.6 mmHg. All
devices used were balloon-expandable (Table 2). A transfemoral
approach was used in 80.4% of cases and transapical in the others.
Mean gradient decreased to 9.7+3.3 mmHg and EOA increased to
1.8+0.3 cm? Moderate/severe AR was present in 20 patients (5.6%)

Table 2. Procedural characteristics and 30-day outcomes.

Valve ‘ N (%)

PVT/Cribier-Edwards 79 (20.5%)
SAPIEN 83 (21.5%)
SAPIEN XT 216 (56.0%)
Size 23 mm 207 (53.6%)

26 mm 167 (43.3%)

29 mm 4 (1.0%)
Femoral access, n (%) 304 (80.4%)
Device malposition, n (%) 6 (1.6%)
Second valve, n (%) 3(0.8%)
30-day mortality 51 (13.2%)
30-day major stroke 7 (1.8%)

30-day major vascular complications

57 (15.1%)

30-day major/life-threatening bleeding

106 (24.6%)

30-day AKI AKI stage 1 95 (24.6%)
AKI stage 2 2 (0.5%)
AKI stage 3 8(2.1%)

30-day new pacemaker 21 (5.6%)

AKI: acute kidney injury

Table 1. Baseline characteristics.

Age, years

83.3+6.8

Male sex, n (%)

177 (45.9%)

NYHA Class IlI-1V, n (%)

290 (75.1%)

Diabetes, n (%)

101 (26.2%)

Hypertension, n (%)

253 (65.5%)

PVD, n (%) 82 (21.2%)
Renal failure, n (%) 289 (74.9%)
MI, n (%) 91 (23.6%)
AF, n (%) 148 (38.3%)

Stroke, n (%)

23 (6.0%)

Pacemaker, n (%)

48 (12.4%)

PCI, n (%)

105 (27.2%)

CABG, n (%)

71 (18.4%)

Logistic EuroSCORE, % 22.8+13.1
STS, % 10.6+8.5
EOA, cm? 0.68+0.19
Mean gradient, mmHg 49.8+16.6
Moderate/severe AR, n (%) 12 (3.1%)
LVEF, % 55.0+16.3

AF: atrial fibrillation; AR: aortic regurgitation; EOA: effective orifice area;

MI: myocardial infarction; PVD: peripheral vascular disease;

STS: Society of Thoracic Surgeons

and severe AR in 2 (0.6%). Thirty-day mortality was 13.2%. Major
complications are presented in Table 2.

CLINICAL OUTCOME AND SVD ASSESSMENT

The median follow-up duration was 3.1 (IQR 0.9-5.0) years.
Survival rate was 71.4% (95% CI: 66.8-75.9), 31.7% (95% CI:
26.9-36.5), and 9.6% (95% CI: 4.9-14.4) at 1, 5 and 8§ years,
respectively (Figure 1).

All patients (except five lost to follow-up) had annual
echocardiography. In the overall population, mean aortic gradient
as well as EOA remained unchanged during follow-up (Figure 2).
Mean aortic gradient was significantly higher in surviving patients
than in non-surviving patients (13.249.0 mmHg vs. 10.1+4.8,

0.8

11.4%

0.6

Survival

0.4

31.7%
0.2

9.6%
0.0 T T T T T T T T
0 1 2 3 4 5 6 7 8

Atrisk 378 271 237 194 146 93 43 20 9

Figure 1. Kaplan-Meier actuarial survival analysis.
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Figure 2. Box plots of mean aortic gradient and effective orifice aortic valve area distribution over time. A) Mean aortic gradient (mmHg).

B) Effective aortic valve area (cm?).

p<0.0001), suggesting that non-surviving patients had no SVD.
Furthermore, annual echocardiographic follow-up showed that the
deceased patients did not have SVD criteria.

Nine patients had SVD and two patients had definite late BVF.
Baseline characteristics of patients who had SVD are shown in
Table 3. Detailed echocardiographic analysis of patients present-
ing with SVD is shown in Tahle 4. Interestingly, only one patient
was male and all patients had renal failure. Among them, two
patients had severe haemodynamic SVD (patients #1 and 8) and
required reintervention. Patient #1 had transapical implantation
of an Edwards SAPIEN 23 mm valve and presented with symp-
tomatic progressive elevation of mean gradient (29 mmHg) and
severe central AR six years later, leading to reintervention using
transfemoral implantation of a SAPIEN XT 23 mm device. The
patient is alive and asymptomatic. Of note, elevated gradient was

Table 3. Baseline characteristics of patients who had SVD.

Variables ‘ N=9

Age, years 82.7+6.2
Male, n (%) 1(11.1)
Diabetes, n (%) 0 (0)
Renal failure, n (%) 9 (100)
Effective orifice area, cm? 0.6+0.1
Mean aortic gradient, mmHg 53.8+18.9
Left ventricular ejection fraction, % 65.6+14.1

not reversed by anticoagulant therapy. Patient #8 had transapi-
cal implantation of an Edwards SAPIEN 26 mm valve and pre-
sented with symptomatic progressive elevation of mean gradient

(40 mmHg) without AR four years later, leading to reintervention

Table 4. Detailed echocardiographic analysis and outcomes of patients with SVD.

Baseline 1-year 2-year 3-year

Patient| Age | ATR

4-year

5-year 6-year T-year

Outcomes

MG | AR | MG | AR [ MG | AR | MG | AR | MG | AR | MG | AR | MG | AR | MG | AR

Redo TAVI SAPIEN XT in SAPIEN at

#01 | 73 |Aspiin | 7] o 7| o 1| of 9| o| 17| o| 2| o 29/ 3 S
402 | 86 | Aspiin | 10| 0| 12| ol | 2| 9| 2| 9| 2| 9| 2| 15| 2| 17| 2 |Diedat7Byearsaterprocedure
at 93 years old
403 88 | Aspirin | 14 0l 2 9 | 31 9 Died at 4.4 years after procedure
at 92 years old
404 | 87 | Aspirin | 16| 0| 8| 0 20| 2| 20| 1| 28| 1 |Novalverelatedsymptoms
7 years after procedure
405 | 89 |Aspiin | 10| 0| 11| o| 13| o| 13| 2| 18] 2|27 2 Novalve-felated symptoms
6 years after procedure
406 | 85 | VKA | 15| 0| 20| o] 16| 0| 12| 0| 28| 2|36/ 1 No valve-related symptoms
5 years after procedure
. No valve-related symptoms
#07 | 79 | Aspiin | 16| 0| 13| 0| 18] 0|30 | 2| 2] 2 G
#08 | 73 | Aspiin | 10| 0| 17| o3| 2|3 | 0| o0 Reto TAVI Corealve in SAPIEN ot
years
#09 | 88 | WA | 11| ol 10| o| 1| 2|15 2| ] 2 No valve-related symptoms
4 years after procedure

AR: aortic regurgitation severity (1 to 4); ATR: antithrombotic regimen: MG: mean aortic gradient (mmHg); SVD: structural valve deterioration; VKA: vitamin K antagonist
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using transfemoral implantation of a 29 mm CoreValve® Evolut™
R device (Medtronic). The patient is alive and asymptomatic.
Of note, this patient was receiving anticoagulant therapy from
implantation for atrial fibrillation. Patients #1 and 8 had multi-
slice computed tomography before reintervention showing no bio-
prosthetic valve thrombosis. Seven patients had moderate SVD
(patients #2-7,9) with a combination of progressive elevation of
mean aortic gradient and mild/moderate intraprosthetic AR. Of
note, the last echocardiographic examination of patient #3 was
only performed at two years despite follow-up up to four years.
We could not measure either mean aortic gradient or aortic regur-
gitation at three and four years because he had an advanced can-
cer. The patient was classified as “moderate SVD” according to
the definition but we cannot eliminate a more severe form.
Freedom from SVD (Kaplan-Meier analysis) and incidence
(competing risk analysis) of SVD are shown in Figure 3A and
Figure 3B, respectively. Freedom from SVD was 87.2% (95% CI:
76.2-99.2) and the incidence of SVD was 3.2% (95% CI: 1.45-
6.11) at eight years. Freedom from BVF (Kaplan-Meier analy-
sis) and incidence (competing risk analysis) of BVF are shown in
Figure 4A and Figure 4B, respectively. Freedom from BVF was

A in
0.951
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E 001
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i
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87.2% (95% Cl: 76.2-99.2) at 8 years
0.80
0 1 2o % 1 5 6 7 8

Years
Atrisk 378 271 236 193 145 92 42 19 8

96.6% (95% CI: 91.3-100) and the incidence of BVF was 0.58%
(95% CI: 0.15-2.75) at eight years.

Interestingly, one of our patients has now reached 11-year fol-
low-up without any sign of SVD, as demonstrated by clinical and
echocardiographic evaluation performed by our team in 2017 at
the patient’s home.

Discussion
In the absence of long-term data on transcatheter valve durability
(>5 years), we aimed to evaluate the outcomes and durability of TAVI
in a prospective series of patients followed annually for up to 11 years
and beyond using recent SVD standardised definitions. Our study
demonstrated a very low rate of SVD and BVF after TAVI. Indeed,
only nine patients had SVD and two patients had definite late BVF.

Importantly, our study is the only study 1) able to provide long-
term follow-up on TAVI with patients included since 2002' from
the first-in-man TAVI procedure and reporting up to 11-year fol-
low-up (the first in Europe) and 2) using the new recent European
definitions to define SVD.

While the risk of SVD in an elderly high-risk population should
be weighed against the benefit of a less invasive procedure,
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Figure 3. Freedom from structural valve deterioration (SVD) and incidence of SVD. A) Freedom from SVD (Kaplan-Meier analysis).

B) Incidence of SVD (death-competing risk analysis).
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Figure 4. Freedom from bioprosthetic valve failure (BVF) and incidence of BVF. A) Freedom from BVF (Kaplan-Meier analysis). B) Incidence

of BVF (death-competing risk analysis).



durability represents one of the remaining major issues of TAVI
at a younger age and in lower-risk patients, a population cur-
rently under evaluation in large randomised trials (PARTNER 3,
Medtronic Transcatheter Aortic Valve Replacement in Low Risk
Patients using the CoreValve, NOTION-2, and UK TAVT trials).

Data on durability are currently very limited which is inherent to
ayoung technique, the characteristics of the population treated in the
early years and the relatively recent worldwide adoption of TAVI.

The randomised PARTNER 1 trial compared SAVR and TAVI
(SAPIEN device) up to five years!® and reported similar haemody-
namic results between SAVR and TAVI and no increase in mean
gradient over five years in a limited number of patients at risk. Two
registries'>!® have reported five-year outcomes: these did not dem-
onstrate any major concerns regarding durability in the short and/or
medium term. These registries reported a rate of SVD of 3.4% and
4.2%, respectively, using different definitions and with few patients
at risk. Of note, preliminary analysis of pooled data from our centre
and Vancouver presented during EuroPCR 2016 overestimated the
incidence of SVD. The main limitation was the definition used for
SVD in this preliminary analysis. First, any aortic regurgitation (i.e.,
intravalvular and paravalvular) greater than or equal to grade 2 was
considered as SVD, whereas paravalvular regurgitation is now clearly
defined as non-structural valve deterioration. Second, any elevation
of mean aortic gradient was also considered as SVD, whereas it is
now specified in the consensus that it must be compared with base-
line values obtained before discharge or 30 days after the procedure.

More recently, the incidence of SVD was analysed in 13
pooled studies including 8,914 patients with a median follow-
up of between 1.6 and 5 years. The incidence of SVD was 28.08
per 10,000 patients/year (95% CI: 2.46 to 73.44 per 100 patient-
years). Of those who developed SVD, 12% underwent valve
reintervention'”.

In contrast, SVD is a well-known risk associated with surgical
bioprosthesis. Several large series have evaluated long-term sur-
vival and survival without reintervention. In a large series evalu-
ating 2,405 bovine Carpentier-Edwards bioprostheses'®, survival
without reintervention was 98+0.2%, 96+£1%, and 67+4% at 5,
10, and 20 years, respectively. In the Bourguignon series' evalu-
ating 2,758 Carpentier-Edwards Perimount bioprostheses (Edwards
Lifesciences) using clinical and echocardiographic evaluation, SVD
determined by strict echocardiographic assessment was reported in
157 patients on a cumulative follow-up of 18,404 valve-years. Of
these, 123 underwent reoperation. All cases of SVD were late events.
Actuarial freedom from SVD at 15 and 20 years was 78.6+2.2% and
48.5+4.6%, respectively. In the series by Johnston et al® assessing
SVD in 12,569 patients (81,706 patient-years), actuarial estimates
of explant for SVD at 10 and 20 years were 1.9% and 15% over-
all. Surgical results are excellent in the long term in well evaluated
bovine and porcine Hancock devices?' but others such as Mitroflow
(Sorin [now LivaNova], Milan, Italy)*? have failed to demonstrate
such durability, underlining the need to evaluate new devices and
in particular transcatheter devices. Transcatheter devices have the
specificity of combining a stent and a bioprosthesis either crimped
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on a balloon or contained within a catheter before deployment. Even
though no data are currently available, few in vitro studies sug-
gest mechanisms for inferior durability of THV devices®*. After
crimping and ballooning, the structure of the pericardium has been
shown to be injured?. Non-circular deployment of the stent has also
been described and could potentially lead to suboptimal coapta-
tion of the leaflets and a possible association with increased risk of
SVD*. Moreover, it has been shown in a fatigue simulation study
that transcatheter aortic valve leaflets sustain higher stresses, strains,
and fatigue damage compared to the surgical aortic valve leaflets®.

To address this question and compare durability between devices,
there is a need for a definition of SVD not limited to survival with-
out reintervention as used by the surgeons but rather a more precise
and universal enabling evaluation of SVD across ongoing regis-
tries and studies and comparing surgical and transcatheter valves.
Very recently, standardised definitions of structural deterioration
and valve failure in assessing long-term durability of transcatheter
and surgical aortic bioprosthetic valves have been proposed by the
European Association of Percutaneous Cardiovascular Interventions
(EAPCI) endorsed by the European Society of Cardiology (ESC)
and the European Association for Cardio-Thoracic Surgery
(EACTS)'". Bioprosthetic valve dysfunction is now classified as
SVD, non-structural valve deterioration (paravalvular AR, prosthe-
sis malposition, mismatch, embolisation), thrombosis, or endocardi-
tis with a crucial role of imaging techniques. It is emphasised that
echocardiography should be routinely performed early after TAVI
(i.e., at 30 days) and for annual follow-up of all patients with bio-
prostheses?. Nevertheless, transthoracic echocardiography (TTE)
presents certain limitations and is not always able to discriminate
between central and paravalvular AR or between SVD and valve
thrombosis in the presence of an elevated gradient?’. These patients
may require further investigation using multidetector computed
tomography (MDCT) to overcome the limitations of TTE to pro-
vide anatomical and structural information.

Limitations

The results of our study are limited by the sample size of a single
centre and the low survival rate of this compassionate/high-risk
population. Currently, the assessment of long-term SVD is almost
impossible in the compassionate/high-risk population treated in
the early TAVI era with very high mortality rates. Furthermore,
there was no independent echocardiographic core lab in our study.
Finally, it is well known that it may be difficult to differentiate
SVD from other causes of bioprosthetic valve dysfunction, par-
ticularly valve thrombosis. We may therefore have overestimated
the incidence of SVD since we did not confirm systematically
the absence of valve thrombosis by multislice computed tomo-
graphy. Despite these unavoidable limitations, our careful clini-
cal and echocardiographic annual assessment brings important
information and emphasises the importance of a universal defini-
tion of SVD for both surgical and transcatheter bioprostheses with
prospective long-term assessment of all TAVI patients and using
a standardised definition.
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Conclusions

The durability of transcatheter valves is a major topic for discussion
in the current context of extending indications to lower-risk and, in
particular, younger patients. Our data, despite a limited number of
patients at risk due to the unavoidable low survival rate of our com-
passionate/very high-risk population, are of potential interest con-
cerning the issue of durability. Additional studies are required to
evaluate SVD further in larger series including younger patients with

longer survival and using standardised follow-up and definitions.

Impact on daily practice

Durability of transcatheter aortic bioprosthetic valves remains
paramount before extension to lower-risk and younger patients.
Long-term data are very limited and until recently there was
no standardised definition of structural valve deterioration
(SVD). We prospectively reported the incidence of transcatheter
balloon-expandable SVD by serial annual echocardiography
using the new standardised European definitions. Even though
limited by the poor survival of the very high-risk/compassionate
early treated population, we reported a very low rate of SVD at
eight years.
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