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Aims: The aim of this study was to assess the performance of a self-expanding valve in bicuspid aortic

T valve (BAV) stenosis.

¢ degenerative valve Method d It ) ) ) ) . . . .
O ethods and results: An international registry included a total of 712 patients with aortic stenosis

o paravalvular leak treated with the ACURATE neo in bicuspid (n=54; 7.5%) or tricuspid (n=658; 92.4%) anatomy. The over-
o TAVI all mean age was 81+£5.6 years. At baseline, no significant differences were found between the two groups.
BAV more frequently required both predilatation (94.4% vs. 78.1%, p=0.004) and post-dilation (57.4% vs.
38.7%, p=0.007). Moderate perivalvular regurgitation was more frequently found in patients with BAV
(7.4% vs. 3.18%, p=0.0001). After propensity score matching (PSM), the rate of predilation and post-
dilation was confirmed to be higher in the BAV group (94.4% vs. 66.6%, p=0.001, and 57.4% vs. 37.1%,
p=0.034, respectively), while the incidence of moderate perivalvular regurgitation was similar between the
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two groups (BAV 3.1% vs. 5.5% in tricuspid anatomy, p=0.734). In unmatched cohorts, the 30-day outcome
showed a higher rate of stroke in the BAV group (7.4% vs. 1.8%, p=0.001). After adjustment for PSM quin-
tiles, the rate of stroke resulted in being similar (odds ratio_ 1.20, 95% confidence interval [CI]: 0.81-1.76,
p=0.819). The other 30-day clinical endpoints were similar between the two populations.

Conclusions: This preliminary analysis shows that the use of the ACURATE neo in bicuspid aortic valves
is feasible and has acceptable 30-day outcomes. Larger studies are needed to confirm our preliminary

findings.

*Corresponding author: Cardio-Thoracic-Vascular Department, San Raffaele Scientific Institute, Via Olgettina 60, 20132 Milan,
Italy. E-mail: chieffo.alaide@hsr.it
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Abbreviations

AS aortic stenosis

BAV bicuspid aortic valve
Cl confidence interval

CT computed tomography
OR odds ratio

PSM propensity score matching
STS Society of Thoracic Surgeons

TAV tricuspid aortic valve
TAVI transcatheter aortic valve implantation
TF transfemoral

VARC Valve Academic Research Consortium

Introduction

Transcatheter aortic valve implantation (TAVI) represents a valid
therapeutic alternative to surgical aortic valve replacement for
intermediate- and high-risk patients with symptomatic severe aor-
tic valve stenosis (AS)'2. However, in all randomised clinical tri-
als evaluating TAVI, congenital bicuspid aortic valves have been
excluded. Therefore, because of the lack of clinical data in this
patient subset, TAVI in bicuspid aortic valve (BAV) disease is
currently off-label. However, data from the Society of Thoracic
Surgeons/American College of Cardiology Transcatheter Valve
Therapy Registry showed that the use of a balloon-expandable
valve might be a possible therapeutic option to treat BAV dis-
ease’. The aim of our study was to compare the procedural and
30-day outcome of the ACURATE neo™ (Boston Scientific,
Marlborough, MA, USA) in BAV and in tricuspid aortic valve
(TAV) anatomy.

Methods

The ACURATE neo implantation in bicuspid aortic valve regis-
try is an international registry including all patients treated for AS
in BAV and TAV anatomy using the ACURATE neo system in
seven different European centres. BAV morphology was classi-
fied according to Sievers et al* considering the number of cusps
and the presence of raphes. All participating centres reviewed and
subsequently confirmed the diagnosis and classification of BAV.
Patients were not included in the BAV group if the diagnosis of

bicuspid anatomy was not consistent or remained non-conclusive.

STUDY DEVICE

The ACURATE neo system used in our population consists of
a self-expanding nitinol stent with an anatomic conformability to
the native annular shape. Stabilisation arches are designed to pivot
against the ascending aorta for self-alignment of the prosthesis. The
upper crown allows supra-annular anchoring, stable positioning and
tactile feedback. The ACURATE neo transapical (TA) valve is made
of three non-coronary native porcine leaflets’, while the ACURATE
neo transfemoral (TF) valve is made of porcine pericardial tissue
with BioFix™ anticalcification treatment’. The ACURATE neo TF
is a supra-annular valve whose delivery system is compatible with
15 Fr balloon-expandable and 18 Fr rigid sheaths’.

STUDY PROCEDURE

The decision to perform TAVI was based on the severity of symp-
toms, risk evaluation and contraindications to surgery. All patients
were evaluated by a multidisciplinary Heart Team comprising
a cardiologist, interventional cardiologist, cardiothoracic surgeon,
and cardiac anaesthetist. Patient demographics, symptoms, and
comorbidities were documented, and individual risk was assessed
with the logistic European System for Cardiac Operative Risk
Evaluation (EuroSCORE) and the Society of Thoracic Surgeons
(STS) score. All patients with severe AS considered for an inter-
vention underwent computed tomography (CT) to evaluate annu-
lar size, coronary arteries and peripheral access sites. The standard
access route was the TF approach; the TA route was considered
whenever the TF approach was found to be inappropriate by the
Heart Team. The sizing of the valve and the implantation technique
were left to the operator’s decision. However, in the presence of
BAV, the authors suggested a higher implant of the valve with
the upper crown positioned above the virtual basal ring because
the supra-annular structure may serve a key role in anchoring the
transcatheter valve. The clinical status of the patients, electrocar-
diogram (ECG) and echocardiogram as well as any new rehospi-
talisation or valve-related event were adjudicated by each centre
and the data were recorded in a dedicated spreadsheet.

STUDY OBJECTIVES AND DEFINITIONS

The primary objective of the present study was device success.
Secondary objectives were 30-day major clinical endpoints using
the Valve Academic Research Consortium (VARC)-2 criteria®.
Other endpoints included the need for permanent pacemaker
implantation, procedure- and device-related complications and
echocardiographic assessment of the valve and cardiac function at
discharge. The severity of regurgitation was qualitatively assessed
and graded using transthoracic echocardiography at each institution
according to established guidelines’. Aortic valve calcifications
were graded according to the criteria suggested by Tops et al'’.

STATISTICAL ANALYSIS
Baseline categorical variables are presented as percentages and
continuous variables as meantstandard deviation. Results are
expressed as mean+standard deviation. The significance of variabil-
ity among groups was determined by one-way or two-way ANOVA.
A propensity score matching (PSM) was performed using Stata,
version 13.0 (StataCorp, College Station, TX, USA) to reduce
imbalance in patient baseline characteristics and the effect of
potential selection bias for comparing ACURATE valves in bicus-
pid and tricuspid anatomies. PSM was calculated for each patient
to estimate the propensity towards belonging to a specific treat-
ment group (tricuspid vs. bicuspid). This was carried out by means
of a non-parsimonious multivariable logistic regression including
the following covariates: age, sex, previous cardiac surgery, previ-
ous pacemaker or implantable cardioverter defibrillator, New York
Heart Association (NYHA) functional Class III or IV, left ventri-
cular ejection fraction (LVEF), Society of Thoracic Surgeons (STS)



score, aortic valve calcifications. A one-to-one nearest neighbour
matching algorithm without replacement was performed to iden-
tify propensity-matched pairs. The C-statistic was 0.72, indicating
good discrimination for the PSM model.

Results

Between October 2012 and July 2017, a total of 54 patients with
severe aortic stenosis of a bicuspid aortic valve were treated with
ACURATE neo implantation in seven centres. During the same
time period, a total of 658 TAVI procedures with the ACURATE
neo were performed in three out of seven centres among patients
with severe tricuspid aortic valve stenosis (Table 1). Our registry
included a total of 712 patients with aortic stenosis treated with the
ACURATE in the presence of either bicuspid (n=54%; 7.5%) or tri-
cuspid (n=658; 92.4%) anatomy. The overall mean age was 81+5.6
years and 63.3% were female (n=453). The demographic features
of the two populations are listed in Tahle 2. At baseline, no signi-
ficant differences were found between the two groups. Similarly,
echocardiographic and CT scan findings were similar between the
tricuspid and bicuspid valve populations (Table 3). CT scans identi-
fied 49 patients (90.7%) with a type 1 bicuspid valve, two patients
(3.7%) with a type 0 bicuspid valve and one case (1.8%) of a type
2 bicuspid valve (Table 3). A one-to-one PSM analysis resulted in
a total of 54 matched pairs. As shown in Tahle 2 and Table 3, there
was no significant difference in any baseline, CT scan or echocardio-
graphic characteristics among the propensity score-matched groups,

including the degrees of aortic valve calcification.

Table 2. Clinical characteristics of the study population.

A self-expanding valve in bicuspid aortic valve stenosis

Table 1. Number of patients included from each participating
centre.

Total number

of included Tricuspid| Bicuspid

Centre, city, country valves | valves

patients

(=712) (n=658) | (n=54)

Kerckhoff Heart and Lung

Center, Bad Nauheim, Germany 502 oz 30
Luzerner Kantonsspital, 132 131 1
Lucerne, Switzerland

San Raffaele Scientific

Institute, Milan, Italy 58 55 3
Karolinska Institute,

Stockholm, Sweden 14 0 14
Lancisi Cardiological Hospital, > 0 2
Ancona, ltaly

University of Catania,

Catania, Italy 2 v 2
Humanitas Research Hospital, > 0 5
Rozzano-Milan, Italy

Table 4 summarises the procedural data. Bicuspid patients were
less frequently implanted using the TF route (83.3% vs. 100%,
p=0.001) and more frequently required both predilatation (94.4%
vs. 78.1%, p=0.004) and post-dilation (57.4% vs. 38.7%, p=0.007)
(Figure 1). Figure 2 shows the grade of perivalvular regurgita-
tion in both the matched and unmatched populations. A moderate/
more-than-moderate perivalvular regurgitation was more frequently
found in patients with bicuspid valve anatomy (7.4% vs. 3.18%,

Matched cohort

Entire cohort

Variables ACURATE bicuspid | ACURATE tricuspid ACURATE tricuspid
(n=54) (n=658) (n=54)

Age, years ' 80+5.3 82.1+4.3 0.56 81.1+£5.5 0.221
Women, n (%) 33 (61.1) 238 (36.1) 0.691 23 (42.5) 0.154
Body mass index (kg/m?) t 26.8+5.6 26.7+5.1 0.27 26.9+4.1 0.861
Dyslipidaemia, n (%) 22 (40.7) 194 (29.4) 0.56 20 (37.1) 0.693
Hypertension, n (%) 48 (88.8) 600 (91.1) 0.57 50 (90.5) 0.441
Diabetes mellitus, n (%) 13 (24.1) 208 (31.6) 0.25 19(35.1) 0.206
Previous myocardial infarction, n (%) 6(11.1) 75(11.4) 0.72 7 (12.9) 1
Previous coronary angioplasty, n (%) 11 (20.3) 191 (29.1) 0.43 17 (31.4) 0.39
Previous coronary artery bypass, n (%) 6(11.1) 75(11.4) 0.94 4(7.41) 0.507
Previous cardiac surgery, n (%) 7 (12.9) 84 (12.7) 0.96 4(7.41) 0.34
Previous cerebrovascular accident, n (%) 61 (13.8) 78 (11.8) 0.36 6(11.1) 0.388
Pacemaker/intracardiac defibrillator, n (%) 4(7.4) 67 (10.1) 0.51 3(5.56) 0.696
History of atrial fibrillation, n (%) 13 (24.1) 227 (34.7) 0.44 13 (24.1) 1
Peripheral vascular disease, n (%) 7 (12.9) 57 (8.6) 0.13 6(11.1) 0.567
Previous cerebrovascular accident, n (%) 5(9.2) 74 (11.2) 0.65 6(11.1) 0.75
New York Heart Association Class IlI-1V, n (%) 46 (85.1) 490 (74.4) 0.29 44 (81.4) 0.654
Society of Thoracic Surgeons score ' 4.7+2.7 5.1+3.6 0.52 4.69+2.75 0.735
Logistic EuroSCORE * 17.7+10.7 20.1£13.4 0.11 17.3+7.42 0.883
Chronic renal failure, n (%) * 14 (25.9) 201 (30.5) 0.27 16 (29.6) 0.254

" Data are presented as mean+standard deviation. * Chronic renal failure was defined as glomerular filtration rate (GFR) <60 ml/min/m?. The GFR was
calculated using the Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) equation.
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Table 3. Echocardiographic and computed tomography findings.

Variables

Echocardiographic findings

ACURATE bicuspid

(n=54)

ACURATE tricuspid
(n=658)

ACURATE tricuspid
(n=54)

Ejection fraction, % 54.8+13.7 58.7+11.5 0.07 52.6+13.1 0.174
Systolic pulmonary pressure >60 mmHg, n (%) 5(9.2) 71 (10.7) 0.54 2(3.7) 0.162
Mean aortic gradient, mmHg 48.6+£17.4 44.6x17.1 0.09 44.9+15.7 0.879
Aortic valve area, cm? 0.6+0.18 0.6+0.17 0.35 0.67+0.16 0.534

Computed tomography findings

Determined, n (%)

Aortiq . Severe aortic valve calcifications 18 (33.3) 136 (25.8) 9(16.67)

Ea(l%maﬂons, Moderate aortic valve calcifications 25 (46.2) 298 (56.4) 0.332 29 (53.7) 0.731
Mild aortic valve calcifications 11 (20.3) 92 (17.4) 16 (29.6)

Aortic valve perimeter, mm 75.8+5.6 74.9+3.9 0.88 75.1+4.1 0.712

Ascending aorta diameter, mm 37+5.9 35+4.2 0.12 36+3.9 0.554

Type of bicuspid

53 (98.1%)

Type 0, n (%) 2 (3.7%) = = = =
Type 1, n (%) 49 (90.7%) = = = =
Type 2, n (%) 1(1.8%) = = = =
Undetermined 1(1.8%) - - - -

Data are presented as n (%) or meanzstandard deviation.

p=0.0001). After PSM analysis, the rate of moderate perivalvu-
lar regurgitation was non-significant (7.4% BAV vs. 3.7% TAV,
p=0.734) while the rate of predilation and post-dilation was con-
firmed as being higher in the bicuspid population (94.4% vs. 66.6%,

Severe calcifications
=18

Moderate calcifications
n=25

Mild calcifications
n=11

p=0.001, and 57.4% vs. 37.1%, p=0.034, respectively) (Figure 1);
the other variables were comparable between the two groups.

At 30-day follow-up, a higher rate of stroke (7.4% wvs.
1.82%, p=0.008) and higher gradients (9.8+4.2 vs. 8.4+4.2

| Bicuspid valves

p=0.015

p=0.004

50
% of post-dilation

Severe calcifications
n=92

Moderate calcifications
n=298

Mild calcifications
n=136

100

Tricuspid valves —
unmatched

p=0.034

p=0.002

50
% of post-dilation

Severe calcifications
n=9

Moderate calcifications
n=29

Mild calcifications
n=16

100

Tricuspid valves
matched

p=0.041

50
% of post-dilation

100

mm Post-dilation == No post-dilation

Figure 1. Post-dilatation according to the presence of mild, moderate or severe aortic calcifications.



Table 4. Procedural data and periprocedural complications.

Variables

ACURATE bicuspid
(n=54)

A self-expanding valve in bicuspid aortic valve stenosis

Entire cohort Matched cohort
ACURATE tricuspid ACURATE tricuspid
(n=658) (n=54)

Transfemoral access, n (%) 45 (83.3) 658 (100) 0.001 48 (88.8) 0.127
ACURATE ACURATE neo's 14 (25.9) 164 (24.9) 14 (25.9)
valve size, ACURATE neo m 26 (48.1) 284 (43.1) 0.252 22 (40.7) 0.659
n (%) ACURATE neo | 14 (25.9) 210 (31.9) 18 (33.3)
Predilation, n (%) 51 (94.4) 514 (78.1) 0.004 36 (66.6) 0.001
Predilation mean balloon diameter, mm 21.9+4.7 21.3x2.4 0.634 21.1x2.2 0.776
Post-dilation, n (%) 31 (57.4) 255 (38.7) 0.007 20 (37.1) 0.034
Fluoroscopy time, min 12+6.9 10.1+£5.6 0.965 10.9+4.4 0.543
Procedural outcome
Need of a second valve, n (%) 1(1.8) 9(1.37) 0.771 1(1.8) 1
Aortic injury, n (%) 0(0) 0 (0) 1 0(0) 1
Cardiac tamponade, n (%) 1(1.8) 8(1.2) 0.415 0 (0) 0.861
Coronary occlusion, n (%) 1(1.8) 1(0.1) 0.023 0(0) 0.315
Pacemaker implantation 5(9.2) 57 (8.6) 0.751 3(5.5) 0.696
Mean aortic gradient, mmHg 9.8+4.2 8.4+4.2 0.04 9.9+4.5 0.944
Left ventricular ejection fraction, % 58+8.9 56+6.4 0.09 55+5.5 0.259
Moderate perivalvular regurgitation, n (%) 4(7.4) 9(3.1) 0.0001 3(5.5) 0.734
30-day outcome
All-cause mortality, n (%) 2(3.7) 17 (2.8) 0.716 4 (8.7) 0.295
Rehospitalisation for cardiac reasons, n (%) 3 (5.5) 31 (4.3) 0.233 0 (0.0) 0.196
Stroke, n (%) 4(7.4) 12 (1.8) 0.008 2(3.7) 0.401
Transient ischaemic attack, n (%) 1(1.8) 1(0.1) 0.774 0 (0.0) 0.832
Major vascular complications, n (%) 6(11.1) 55 (8.3) 0.322 3 (5.5) 0.296
Life-threatening bleedings, n (%) 1(1.8) 16 (2.4) 0.246 1(1.8) 0.315
Major bleedings, n (%) 2(3.7) 34 (5.1) 0.637 3(5.5) 0.296
Data are presented as n (%) or meanzstandard deviation.
Perivalvular regurgitation CI: 0.88-1.33, p=0.653) were similar between the two groups. The
- other outcome variables were similar at 30-day follow-up.
ricuspi
o % L2 e |
8 Discussion
Tieusaid i The main findings of our multicentre experience are the following.
aes, (3% 30% 41% - 1) The implantation of the self-expanding ACURATE rneo in BAV
p=i appears to be feasible; however, compared to TAV, BAV more fre-
. 4 quently required predilation and post-dilation to achieve a satisfac-
Bicuspid 59% 33% _

valves

= moderate = mild none/trivial

Figure 2. Perivalvular leak at 30-day follow-up.

mmHg, p=0.04) were observed in patients with bicuspid aor-
tic valve anatomy. No differences were observed in the rate of
pacemaker implantation (bicuspid 9.2% vs. tricuspid 8.6%,
p=0.751). The rates of all-cause mortality, rehospitalisa-
tion for cardiovascular reasons, vascular complications and
major bleedings were similar between the two populations.

After adjustment for PSM quintiles, the rates of stroke (odds
ratio [OR] . 1.20, 95% confidence interval [CI]: 0.81-1.76,
p=0.819) and moderate perivalvular regurgitation (OR, 4 0-92,95%

adj

tory result. 2) The 30-day rate of moderate perivalvular leak was
7.4% in the BAV group, higher compared to the TAV group; how-
ever, the difference between the two groups became non-significant
after PSM. 3) A higher rate of stroke was observed in the BAV cohort
(7.4%) compared to TAV; even though this difference disappeared
after PSM, further investigations are needed to address this finding.

The treatment of bicuspid valve disease still represents a chal-
lenge in the transcatheter treatment of AS due to its peculiar ana-
tomical features: bicuspid AS is characterised by larger size, and an
oval annular shape with two commissures that make the virtual basal
ring identification more ambiguous. In 2014, Mylotte et al reported
data from 139 bicuspid valve patients who underwent TAVI with
first-generation devices. The study highlighted the complexity of
performing TAVI in such patients, with high rates of malposition-
ing, use of multiple transcatheter heart valves and relatively high
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rates of moderate-to-severe residual aortic regurgitation''. Over the
years, the implementation of transcatheter heart valve technology
has allowed a progressive increase in procedural safety and efficacy.
Data from Yoon et al showed the excellent safety and efficacy of the
balloon-expandable valve (SAPIEN 3; Edwards Lifesciences, Irvine,
CA, USA) and the LOTUS™ valve (Boston Scientific) in the pres-
ence of BAV disease. Among 91 patients treated with SAPIEN 3
and 11 patients using the LOTUS valve system, the authors reported
a 0% rate of moderate perivalvular leaks at 30-day follow-up, and
an overall rate of device success of 92.2% with a good safety profile
in terms of annular rupture, which occurred in only one case'>. More
recent data have confirmed those findings, showing a good perfor-
mance of both SAPIEN 3 and LOTUS in the treatment of BAV
stenosis with similar outcome compared to those who received the
same devices in tricuspid valves'®.

Few data are available about the treatment of bicuspid AS with
new-generation self-expanding valves. To date, and only recently,
the Society of Thoracic Surgeons/American College of Cardiology
Transcatheter Valve Therapy Registry has reported that the use of
the CoreValve® Evolut™ (Medtronic, Minneapolis, MN, USA) is
feasible and safe with 97.4% device success, 7.7% residual mod-
erate perivalvular leak and 12.6% need for permanent pacemaker
implantation at 30-day follow-up?’.

To the best of our knowledge, no study has been published on
the feasibility and safety of TAVI with ACURATE neo implan-
tation in bicuspid AS. Our data show the feasibility and safety
of the self-expanding ACURATE rneo implant in this population,
reporting a 7% rate of moderate perivalvular leak, and 9.2% rate
of permanent pacemaker implantation. These data are in line with
the use of ACURATE neo in the treatment of TAV’. However,
in our cohort, the implantation of ACURATE neo in BAV seems
to be more challenging compared to the tricuspid anatomy: we
showed a higher rate of both predilation and post-dilation when
this self-expanding valve needed to be implanted in bicuspid ana-
tomy. We can speculate that the low radial force of the ACURATE
neo requires a more meticulous preparation of the valve and that
a final post-dilation is needed to achieve a good final result.
Compared to the overall tricuspid cohort, the incidence of moder-
ate final perivalvular regurgitation was higher among patients with
bicuspid anatomy: even though the difference was not significant
after PSM, this result needs to be confirmed in larger popula-
tions. Previous data described an increased risk of annular rup-
ture in case of post-dilation in severely calcified bicuspid aortic
valves'*!>. However, in our experience no cases of annulus rupture
and/or aortic dissection were reported except for one patient who
had evidence of post-procedural ventricular septal defect which
led to cardiac death during surgery due to extreme haemodynamic
instability. The patient had mild valvular calcifications, underwent
an aggressive predilation using a 22 mm balloon in an annulus of
22.4 mm and did not require post-dilatation.

Compared to other studies and to the unmatched TAV cohort, our
experience reports a relatively high rate of stroke (n=4; 7.4%) among
BAV'¢, Several different factors might have contributed to such a

rate of cerebrovascular events. The neurological events occurred
in a high-risk population (mean age 80 years with a prevalence of
female patients, and 29.6% of patients with a previous history of
atrial fibrillation). Both TIA and strokes occurred a few hours after
the procedure, and therefore procedural factors such as high rates
of predilation and post-dilation could have had an impact. Previous
studies have reported that a high rate of manipulation during a TAVI
procedure is associated with a higher rate of embolisation'’. We can-
not exclude that the high rate of predilation and post-dilation per-
formed in our patients could have had a negative impact on the rate
of neurological events observed. Furthermore, we cannot exclude
that operator experience might have played an important role.

Limitations

The study was retrospective and non-randomised in design, mak-
ing the results purely hypothesis-generating. In addition, the events
were not adjudicated by a clinical events committee but by single
centres, and the device and patient selection were left to the decision
of the operator. Moreover, our study was limited by the lack of uni-
formity in the annular sizing; we cannot exclude that this limitation

could have had an impact on the final results presented in this paper.

Conclusions

This multicentre experience reported that the use of the ACURATE
neo in bicuspid anatomy has acceptable procedural and midterm
results when compared with its use in TAV. Larger studies are
needed to confirm our preliminary findings.

Impact on daily practice

This international experience increases the knowledge about
the treatment of bicuspid valves with a self-expanding prosthe-
sis, demonstrating the safety and feasibility of this transcatheter

valve implantation.
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