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BACKGROUND: There are limited data regarding treatment for failed balloon-expandable transcatheter heart valves
(THVs) in redo-transcatheter aortic valve implantation (TAVI).

AIMS: We aimed to assess THV performance, neoskirt height and expansion when performing redo-TAVI with the
ACURATE platform inside a SAPIEN 3 (S3) compared to redo-TAVI with an S3 in an S3.

METHODS: Redo-TAVI was performed on the bench using each available size of the S3, the ACURATE
neo2 (ACn2) and the next-generation ACURATE Prime XL (AC XL) implanted at 2 different depths within
20 mm/23 mm/26 mm/29 mm S3s serving as the “failed” index THV. Hydrodynamic testing was performed to
assess THV function. Multimodality assessment was performed using photography, X-ray, microcomputed tomog-
raphy (micro-CT), and high-speed videos.
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RESULTS: The ACURATE in S3 combinations had favourable hydrodynamic performance compared to the S3 in
S3 for all size combinations. In the 20 mm S3, redo-TAVI with the ACn2 had lower gradients compared to the S3
(mean gradient 16.3 mmHg for the ACn2 vs 24.7 mmHg for the 20 mm S3 in 20 mm S3). Pinwheeling was less
marked for the ACURATE THVs than for the S3s. On micro-CT, the S3s used for redo-TAVI were underexpanded
across all sizes. This was also observed for the ACURATE platform, but to a lesser extent.

CONCLUSIONS: Redo-TAVI with an ACn2/AC XL within an S3 has favourable hydrodynamic performance and less
pinwheeling compared to an S3 in S3. This comes at the price of a taller neoskirt.
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ingly being performed in younger patients and those

with longer anticipated longevity, thus there is a higher
likelihood of valve degeneration and need for repeat interven-
tion. In the USA, almost 50% of patients <65 years of age
with isolated severe aortic stenosis were treated with TAVI in
2021'. Moreover, at least a third of patients undergoing TAVI
aged <75 years old are anticipated to live beyond 10 years.
Given the potential for transcatheter heart valve degeneration
over time, it is anticipated that the number of degenerated
transcatheter heart valves (THVs) requiring reintervention
will increase in the future. Redo-TAVI is a potential treat-
ment option for these patients, and early experience has dem-
onstrated that this approach is safe and feasible in patients
at low risk of coronary obstruction. However, beyond acute
procedural success, there are limited data available to guide
procedural optimisation, device selection and optimal long-
term haemodynamic performance’. Given the number of
commercially available THV devices, there are several poten-
tial redo-TAVI combinations, and it is unlikely that clinical
data alone will answer these unaddressed issues. Bench test-
ing has provided novel insights related to redo-TAVI, which
include variations in neoskirt height, THV expansion, leaflet
coaptation, leaflet overhang and haemodynamic performance.
Importantly, each potential redo-TAVI combination is unique
and has its own technical considerations and potential issues*”.
Additionally, the expansion of the index THYV is influenced by
the size of the native annulus, and this will impact the choice
of type and size of the redo THV.

The ACURATE neo2 (ACn2; Boston Scientific) is a com-
mercially available supra-annular valve with a unique design
feature where the upper segment of the valve is largely open
with an incomplete frame with 3 stabilisation arches. This
offers the haemodynamic advantage of a supra-annular
device while preserving options for future coronary access.
To date, little is known about performance and optimal
deployment conditions when performing redo-TAVI with the
ACn2. Additionally, the next generation of the ACn2, the
ACURATE Prime XL (AC XL; Boston Scientific) has been
developed, allowing treatment of larger annular ranges.

We performed an iz vitro study to assess the optimal posi-
tion and performance when implanting an ACn2 or an AC
XL within a SAPIEN 3 (S3; Edwards Lifesciences) THV com-
pared to using an S3 in S3 redo-TAVI combination.

Methods
OBJECTIVES
The present study had the following objectives:

1) To assess THV hydrodynamic performance, neoskirt
height, pinwheeling and expansion when performing
redo-TAVI with an ACn2/AC XL inside an S3 versus
redo-TAVI with an S3 inside an S3.

r I Yranscatheter aortic valve implantation (TAVI) is increas-

Redo-TAVI with ACURATE neo2 in SAPIEN 3

Impact on daily practice

The ACURATE platform has been associated with favour-
able outcomes in TAVL. Its potential role for the treatment
of balloon-expandable valve failure remains unknown.
This study suggests that the ACURATE platform is asso-
ciated with a favourable hydrodynamic outcome, particu-
larly in the smaller valve sizes, and minimal pinwheeling,
across all valve sizes, compared to the S3 in S3 combi-
nations. Clinical series are required to further understand
the procedural challenges and clinical outcomes when per-
forming redo-TAVI using the ACURATE platform.

2) To assess the impact of annular size on THV perfor-
mance when performing redo-TAVI with the ACn2/AC
XL inside an S3 versus an S3 in S3.

STUDY METHODS

In vitro testing was performed in collaboration with the
Cardiovascular Laboratory  (Vancouver,
Canada) and Boston Scientific (Galway, Ireland). This study
was performed under physiological test conditions with no
human or animal participants, and ethics approval was not
required. Study methods are summarised in Figure 1.

Translational

VALVES
The S3 was used as the index “failed” THV, and 20 mm,
23 mm, 26 mm and 29 mm S3 sizes were included in the study.

Two versions of the ACURATE THV were used as the redo
THYV: first, the ACn2 in three sizes (small [S], medium [M],
and large [L]) and second, the AC XL. The AC XL valve is
the next-generation, larger valve size, allowing treatment of
annuli 29 mm in diameter (91 mm in perimeter), and it has
improved radial strength due to a modification in the THV
frame (Figure 2).

The heights of the stent body including the outer paraval-
vular leak (PVL) sealing skirt are 14 mm, 15 mm, 16 mm and
17 mm for the S, M, L and XL ACURATE THVs, respectively.
The diameters at the commissural posts are 23 mm, 25 mm,
27 mm and 29 mm for the S, M, L and XL THVs, respec-
tively. The diameters at the upper crown are obtained by add-
ing 5 mm to the commissural post diameters (28 mm, 30 mm,
32 mm, and 34 mm for the S, M, L and XL, respectively) and
the diameters at the lower crown by adding 3 mm to the com-
missural post diameters (26 mm, 28 mm, 30 mm and 32 mm
for the S, M, L and XL, respectively). Of note, expansion of the
upper crown of the ACURATE valves ensures nominal opening
of the THV leaflets. Other characteristics of the 2 THVs have
been described in detail previously®. The S3 was also used as
the redo THV in order to allow comparison with the ACn2,
using sizes 20 mm, 23 mm, 26 mm and 29 mm.

Abbreviations

Acn2 ACURATE neo? MG  mean gradient TAVI  transcatheter aortic valve implantation
cT computed tomography RF regurgitant fraction THV  transcatheter heart valve
EOA effective orifice area S3 SAPIEN 3
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Redo-TAVI with: 2 annular sizes for each index SAPIEN 3:

ACURATE inside SAPIEN 3 Small: low end of recommended annular size
SAPIEN 3 inside SAPIEN 3 Large: high end of recommended annular size
Index S3 size = Recommended annular size = Small annulus | Large annulus | ACURATE size Redo S3 size
20 mm 18.6 mm-21 mm ‘ 19 mm 20 mm ‘ ACn2 S 20 mm
23 mm 20.7 mm-23.4 mm ‘ 21 mm 23 mm ACn2S 23 mm
 24mm 26 mm ACn2 M
26 mm 23.4 mm-26.4 mm 26 mm
 25mm 26 mm ACn2 L
29 mm 26.2 mm-29.5 mm ‘ 27 mm 29 mm AC XL 29 mm

2 depths of deployment for the ACURATE THVs:
Nominally low
Nominally high

High-speed videos allowing for calculation of
pinwheeling index
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Figure 1. Study methodology. ACn2 S: ACURATE neo2 small; ACn2 M: ACURATE neo2 medium; ACn2 L: ACURATE neo2
large; AC XL: ACURATE Prime XL; CT: computed tomography; L: length; S3: SAPIEN 3; TAVI: transcatheter aortic valve
implantation; THV: transcatheter heart valve ; PWI: pinwheeling index
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Redo-TAVI with ACURATE neo2 in SAPIEN 3

Sizes available: S, M and L

Annular diameters covered: 21 to 27 mm

Stent body height (incl outer PVL sealing skirt): 14 to 16 mm

Free cell of the lower crown with the top not connected to the
THV frame

B ACURATE Prime XL
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Sizes available: XL

Annular diameters covered: up to 29 mm

Stent body height (incl outer PVL sealing skirt): 17 mm

All the cells of the lower crown are connected to the frame,
thus increasing radial force

Figure 2. Features of the ACURATE neo2 and ACURATE Prime XL devices. A) ACURATE neo2; B) ACURATE Prime XL.
incl: including; M: medium; L: large; PVL: paravalvular leak; S: small; THV: transcatheter heart valve

ANNULAR SIZING

The S3 manufacturer’s recommendation states that each
size of valve can be implanted for a range of annular dia-
meters/areas. Thus, the 20 mm, 23 mm, 26 mm, and 29 mm
S3 can be used for the following annular diameter ranges,
respectively: 18.6-21.0 mm, 20.7-23.4 mm, 23.4-26.4 mm,
and 26.2-29.5 mm. To account for this range of possibili-
ties, and since the size of native annuli will affect the expan-
sion of the index and redo THVs, different combinations
of “failed” S3 and ACURATE or redo S3 in S3 valves were
deployed; these configurations are detailed in Figure 1. This
allowed for an assessment of the annular range for each S3
size and the potential implications on expansion and perfor-
mance following redo-TAVI.

REDO-TAVI CONFIGURATIONS

Redo-TAVI configurations were performed using a small
ACn2 within a 20 mm S3, a small ACn2 within a 23 mm
S3 (the small ACn2 covers annuli up to 23 mm in diameter),
a medium ACn2 within a 26 mm S3, a large ACn2 within
a 26 mm S3 (based on the annular range covered, both the
medium and large ACn2 could potentially be suitable for
a 26 mm S3), and an AC XL within a 29 mm S3 (the AC XL
covers annuli up to 29 mm in diameter).

The index S3 valves, which were considered the “failed
valves”, were implanted at the recommended implant depth
of 3 mm below the annulus level and were deployed with
nominal volume, as per the manufacturer’s recommendations.
The ACn2 valves were then positioned at 2 different depths:
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nominally low, with the ACn2 upper crown just above the
S3 outflow, and nominally high with the ACn2 upper crown
2-3 mm above the S3 outflow (Figure 1). No configuration
with the upper crown positioned below the outflow of the
index valve was used, as this has been shown to be associated
with worse hydrodynamic performance’.

Since the “failed” S3 THVs were new valves, no predilata-
tion was performed, but as often needed clinically, the ACn2
was postdilatated to optimise expansion of the upper crown.
For post-dilatation, a non-compliant TRUE balloon (Bard
Peripheral Vascular) was used. TRUE balloon sizing was
based on the diameter of the annulus. Thus, the sizes used
were as follows:

- 18 mm and a 20 mm for the small ACn2 in a 20 mm S3

within a 19 mm and a 20 mm annulus, respectively

- 20 mm and 22 mm for the small ACn2 in a 23 mm S3

within a 21 mm and a 23 mm annulus, respectively

- 22 mm and 24 mm for the medium ACn2 in a 26 mm

S3 within a 24 mm and a 26 mm annulus, respectively

- 24 mm and 26 mm for the large ACn2 in a 26 mm S3

within a 25 mm and a 26 mm annulus, respectively

- 26 mm and 28 mm for the AC XL in a 29 mm S3 within

a 27 mm and a 29 mm annulus, respectively.

As a comparator, redo-TAVI was performed using an S3 as
the redo THV. For redo-TAVI in an S3, a redo THV of the
same size as the index THV was selected and deployed at
nominal volume while aiming for top-of-the-frame alignment
and without aiming for commissural alignment. One sample
was used for each combination.

HYDRODYNAMIC ASSESSMENT

A pulse duplicator test system (ViVitro Labs) was used to
assess hydrodynamic performance for all redo-TAVI con-
figurations. The index S3 THVs were placed in a silicone
holder in accordance with International Organization for
Standardization (ISO) 5840-3:20218. The test medium used
for this study was 40% glycerol containing saline solution,
with a target viscosity of 3.8 centipoise to approximate that
of blood. Results were taken for 10 consecutive cycles and
then averaged. High-speed video filming assessed valve kin-
ematics from the valve outflow and inflow. Pulsatile for-
ward flow performance was measured at a nominal beat rate
of 70+1 beats/min, systolic duration of 35+5%, mean aor-
tic pressure of 100+2 mmHg, and simulated cardiac output
of 5.0£0.1 L/min. The mean gradient (mmHg), regurgitant
fraction (%), and effective orifice area (cm?) were assessed.
The maximum allowable regurgitant fraction in accordance
with ISO 5840-3:2021 is <20%?. The total regurgitant frac-
tion, which included closing and intervalvular regurgitation
post-S3 closure, was assessed. The effective orifice area was
computed according to a simplified version of the Bernoulli
equation, as previously described in ISO 5840%.

IMAGING PROTOCOL

Multimodality imaging was performed, including fluoroscopy
using the OEC 9900 Elite Mobile C-arm X-ray system (GE
HealthCare), micro-CT and high-resolution photography, for
each THYV, and each implantation was configured with a digital
microscope (Keyence). Micro-CT was performed using a con-
tinuous cone beam quick scan to reduce dehydration of the
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valve tissue, which included 1,200 projections with a magni-
fication of 3.98, focus detector distance of 536.365 mm and
focus object distance of 135.000 mm with a voltage of 110 kV
and a current of 200.0 pA. The frame rate detector exposure
was 5 Hz with an exposure time of 200.000 ms. 3mensio
Structural Heart (Pie Medical Imaging) was used to analyse,
segment and measure the CT-reconstructed data of each redo-
TAVI configuration. High-resolution photography was captured
at a prespecified magnification and fixed camera height. High-
speed video from hydrodynamic testing was also captured.

INDEX AND REDO THV FRAME EXPANSION ASSESSMENT
Following redo-TAVI, measurements were made at several
levels of the index and redo THVs (Figure 1) using micro-CT
images. For the ACn2, diameters were measured at the com-
missural posts and upper crown. For the S3, the diameters at
the inflow, mid-portion and commissural posts of the frame
were measured for both the index S3 and redo S3, when the
latter was used as the redo THV.

PINWHEELING INDEX

Pinwheeling, as defined by the ISO guideline for THV testing,
refers to the twisting of the free edges of the leaflets, result-
ing from excessive leaflet redundancy. A pinwheeling index
(PWI) was calculated as previously reported’, using images
from the high-speed videos. The PWI of each leaflet’s free
edge was measured, and the mean PWI (%) of the valve was
obtained from the average (Figure 1).

NEOSKIRT AND FUNCTIONAL NEOSKIRT
The neoskirt is usually defined by the height of the pinned
leaflet of the first THV. In the present study, the portion of
the covered frame of the ACn2 or AC XL extending above
the index S3 was also included in the neoskirt measurement,
as this part poses a potential risk for coronary obstruction.
For the S3 in S3 combinations, the neoskirt was defined
at the top of the pinned leaflets which are at the top of the
commissural tabs. The functional neoskirt is the part of the
neoskirt that extends above the annular plane and is thus
influenced by implant depth. Since the S3 was implanted at
a depth of 3 mm, as per the manufacturer’s recommendation,
the functional neoskirt height was measured for each con-
figuration by subtracting 3 mm from the total neoskirt height
(Figure 1).

DATA ANALYSIS

Hydrodynamic variables, effective orifice areas, pressure
gradients, and total regurgitation fraction are reported as
mean=standard deviation (SD).

Results

HYDRODYNAMIC ASSESSMENT

The hydrodynamic function of each of the combinations is
detailed in Table 1 and Figure 3. Overall, most of the samples
resulted in acceptable performance according to ISO standards.
However, in the 20 mm S3, the use of a 20 mm S3 as a redo
THYV resulted in a mean gradient (MG) >20 mmHg, while the
use of an ACn2 resulted in an MG <20 mmHg. The differ-
ence between the ACn2 and the S3 was less marked for the
larger S3 THV sizes (Central illustration). The hydrodynamic



Table 1. Hydrodynamic function of the combinations tested.
Post-dilatation

ACn2 small
20 mm S3

ACn2 small
23 mm S3

ACn2 medium
26 mm S3

ACn2 large
26 mm S3

AC XL
29 mm S3

20 mm S3 in 20 mm S3
ACn2 small in 20 mm S3
20 mm S3 in 20 mm S3
ACn2 small in 20 mm S3
23 mm S3 in 23 mm S3
ACn2 small in 23 mm S3
23 mm S3 in 23 mm S3
ACn2 small in 23 mm S3
26 mm S3 in 26 mm S3
ACn2 medium in 26 mm
26 mm S3 in 26 mm S3

ACn2 medium in 26 mm

ACn2 large in 26 mm S3

ACn2 large in 26 mm S3
29 mm S3in 29 mm S3
AC XL in 29 mm S3

29 mm S3 in 29 mm S3

AC XL in 29 mm S3

S3

S3

TRUE balloon size

20 mm

22 mm

26 mm

24 mm

26 mm

Annulus
diameter
- 1.5

Low
High
Low
High
Low
High
Low
High
Low
High
Low
High
Low
High
Low
High
Low
High
Low
High

Redo-TAVI with ACURATE neo2 in SAPIEN 3

e

20 mm

19 mm

23 mm

21 mm

26 mm

24 mm

26 mm

25 mm

29 mm

27 mm

1.5
1.7
1.5
1.5
1.6
2.2
2.0
2.0
1.8
1.7
1.8
2.6
2.4
2.5
2.3
2.3
2.3
2.5
2.5
2.5
2.6
2.8
2.7
2.7
2.7
2.6
2.7

24.7
18.8
16.3
24.6
19.3
18.0
12.4
13.2
12.8
16.6
15.9
14.3
9.2
8.7
8.1
10.2
9.7
9.2
9.4
8.7
8.7
8.1
9.2
7.6
7.5
9.1
8.0
7.5

13.4
4.9
7.4

12.1
4.2
6.1
14.7
6.0
7.8
12.3
4.9
6.3
17.0
6.6
7.2
10.2
3.6
5.1
11.7
13.1
10.1
11.0

23.4
12.5
111

20.0
9.6
9.7

ACn2: ACURATE neo2; AC XL: ACURATE Prime XL; EOA: effective orifice area; MG: mean gradient; RF: regurgitant fraction; S3: SAPIEN 3

Lower limit of sizing

Upper limit of sizing
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Figure 3. Graphical representation of mean gradient for each combination tested. ACn2 S: ACURATE neo2 small; ACn2 M: ACURATE

Index THV size

neo2 medium; ACn2 L: ACURATE neo2 large; AC XL: ACURATE Prime XL; S3: SAPIEN 3; THV: transcatheter heart valve
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Redo-TAVI with the ACURATE platform for balloon-expandable transcatheter heart valve failure.

| Hydrodynamic performance of the redo THV |

Redo-TAVI with the ACURATE

platform inside an $3 was associated
ACn2 S - high: 18.0 mmHg with a favourable hydrodynamic AC XL - high: 7.5 mmHg
o profile across all sizes compared to N
E | ACn2$S- low: 19.3 mmHg the $3 in $3 comhination AC XL~ low: 7.6 mmhg | 3
& &
20 mm S3: 24.6 mmHg 29 mm $3: 9.2 mmHg
T T T T 1 T T T T T
0 5 10 15 20 25 25 20 15 10 5 0
Mean gradient (mmHg) Mean gradient (mmHg)
Pinwheeling
ACn2Sin20 mm S3 20 mm $3in 20 mm S$3
PWI1.7% PWI120.8%

Given the supra-annular design of the
ACURATE platform, there is less constriction
by the index THV at the level
of leaflet coaptation

AC XLin 29 mm S3 ‘l'
PWI4.5%

Reduced pinwheeling compared to $3 in
$3 combinations across all sizes

Neoskirt

Functional neoskirt is higher for ACURATE in S3
than for S3in $3 across all sizes

The difference can be minimised by implanting
the ACURATE with the upper crown just above
the outflow of the S3

ACURATE in S3 $3inS3
neoskirt 13.7-22.1 mm neoskirt 10.1-14.5 mm

David Meier et al.  Eurolntervention 2024;20:¢376-e388 » DOI: 10.4244/E1J-D-23-00783

ACn2 S: ACURATE neo2 small; AC XL: ACURATE Prime XL; PWI: pimwheeling index; S3: SAPIEN 3; TAVI: transcatheter
aortic valve implantation; THV: transcatheter heart valve
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function was only marginally affected by the size of the native
annulus within a determined THV size without major differ-
ences between the S3 in S3 and ACn2 in S3 configurations.
The largest difference was noted for redo-TAVI within the
23 mm S3. In this configuration, for the S3 in S3, the MG was
16.6 mmHg in the small annulus but 12.4 mmHg in the large
annulus. For the small ACn2, the MG was 14.3 mmHg in the
small annulus and 12.8 mmHg in the large annulus. Of note,
the extent of the effect of the implantation depth of the ACn2
(nominally high vs nominally low) on hydrodynamic function

Redo-TAVI with ACURATE neo2 in SAPIEN 3

was limited. Indeed, the MG was 1-2 mmHg lower at the high
position for the small ACn2, and this difference was <1 mmHg
for the medium and XL sizes. Finally, the use of a large ACn2
offered little advantage compared to the medium ACn2 when
implanted in a 26 mm S3.

REDO THV EXPANSION

As expected, all the configurations had some degree of under-
expansion (Table 2). For the S3, expansion was generally
quite homogeneous along the THV height, ranging between

Table 2. Expansion of the redo THV for the combinations tested.

Post- ACn2 measurements, $3 measurements,
S3 and ACn2 . . GIETENT Annulus mm mm
A Configuration .
size TRUE diameter U ) _
- pper Mid-portion
balloon size crown Lo
- - 17.4 17.4 17.6

20 mm S3 in B 3
20 mm S3
20 mm
ACn2 small in Low 21.0 23.6 - - -
20 mm S3 20 mm .
ACn2 small High 22.4 25.6 - - -
20 mm S3 20 mm S3 in
20 mm S3 - - -- == 18.2 18.3 18.4
19 mm
ACn2 small in 18 mm Low 20.9 23.7 = - -
20 mm S3 High 21.3 24.6 = - -
23 mm S3in
23 mm S3 - - -- -- 21.0 20.8 21.0
23 mm
ACn2 small in Low 215 24.8 - - -
23 mm S3 22 mm :
ACn2 small High 22.8 27.1 - - -
23mmS3 23 mm S3in
23 mm S3 - - = - 19.7 19.6 19.6
21 mm
ACn2 small in 20 Low 22.0 25.4 - - -
23 mm S3 e ,
High 22.9 26.9 - - _
26 mm S3in
26 mm S3 - - - - 24.1 24.1 24.2
26 mm
ACn2 medium in Low 24.2 28.0 - - -
26 mm S3 24 mm .
ACn2 medium High 24,5 28.8 - - -
26 mm S3 26 mm S3 in
26 mm S3 - - == - 23.8 23.4 23.6
24 mm
ACn2 medium in 20 Low 23.7 27.3 = - -
26 mm S3 e :
High 24.3 28.4 = - -
i Low 26 mm 25.3 28.5 - - _
gzimin g
ACn2 large High 25.5 29.6 - - -
26 mm S3 ACn2 large in " Low 25 mm 25.2 28.2 - - -
26 mm S3 e :
High 26.0 29.4 - - _
29 mm S3in
29 mm S3 - - - - 26.4 26.2 26.2
AC XL in Low 29 mm 27.9 325 - ~ -
29 mm S3 28 mm .
AC XL High 28.6 32.8 - - -
29 mm S3 29 mm S3 in
29 mm S3 - - - = 27.1 26.5 26.7
AC XL in o6 Low /Ol 27.7 30.9 - - ~
mm
29 mm S3 High 28.0 325 - - -

ACn2: ACURATE neo2; AC XL: ACURATE Prime XL; Comm.: commissural; S3: SAPIEN 3; THV: transcatheter heart valve
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85% and 93% of the nominal diameter. On the other hand,
the ACn2 had limited constriction at the level of the mid-
commissural posts, where leaflet coaptation occurs, and at
the level of the upper crown, situated above the S3 outflow
(overall expansion >90% of the nominal diameter). Here
again, the native annulus size had limited effect on the expan-
sion of the redo THV. However, the nominally high position
allowed an almost nominal expansion at the level of the com-
missural posts of the ACn2. It must also be noted that the
upper crown of the ACn2 extended beyond the index S3 in
all the samples with a diameter exceeding the S3 diameter; for
the AC XL implanted high in the 29 mm S3, this was by as
much as 3.9 mm.

INDEX THV EXPANSION

Expansion of the index THVs can be found in Supplementary
Table 1. Overall, a small annulus was associated with
a slightly smaller diameter of the index THV for all combi-
nations. Importantly, no configuration led to notable overex-
pansion of the index THV beyond its nominal size.

Table 3. Pinwheeling index for the combinations tested.

$3 and ACn2 size Configuration Post-dllatatlop TRUE A_nnulus
balloon size diameter

20 mm S3in 20 mm S3

ACn2 small in 20 mm S3 20 mm

ACn2 small

20 mm S3 20 mm S3 in 20 mm S3 =
ACn2 small in 20 mm S3 18 mm
23 mm S3in 23 mm S3 -
ACn2 small in 23 mm S3 22 mm

ACn2 small

23 mm S3 23 mm S3 in 23 mm S3 =
ACn2 small in 23 mm S3 20 mm
26 mm S3 in 26 mm S3 -
ACn2 medium in 26 mm S3 24 mm

ACn2 medium

26 mm S3 26 mm S3 in 26 mm S3 =
ACn2 medium in 26 mm S3 22 mm
ACn2 large in 26 mm S3 26 mm

ACn2 large

26 mm S3
ACn2 large in 26 mm S3 24 mm
29 mm S3in 29 mm S3 -
AC XL in 29 mm S3 28 mm

AC XL

29 mm S3 29 mm $3 in 29 mm S3 =
AC XL in 29 mm S3 26 mm

ACn2: ACURATE neo2; AC XL: ACURATE Prime XL; S3: SAPIEN 3
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PINWHEELING

The S3 in S3 redo-TAVI combinations had worse pinwheel-
ing compared to the ACn2 configurations. All the S3 in S3
combinations had a PWI >10% (up to 20.8% for the 20 mm
S3 in 20 mm S3 combination), while most of the ACn2 in S3
combinations had a PWI <5%, with the PWI in small annuli
below 2%. Only the ACn2 L in the 26 mm S3 had a PWI
above 5%, but still below 10%. Additionally, pinwheeling
persisted across all S3 sizes and was not limited to small
THVs. For the S3 in S3, the smaller annulus was associated
with increased pinwheeling, but there was little difference for
the ACn2. The nominally high implantation was not associ-
ated with notably lower pinwheeling than the nominally low
implantation for the ACn2. Detailed pinwheeling assessment
can be found in Table 3 and Figure 4.

FUNCTIONAL NEOSKIRT

The ACn2 implanted within the S3 resulted in functional
neoskirt heights ranging between 13.7 mm and 22.1 mm,
depending on the implant depth and THV size (Figure 5).

Mean pinwheeling

index, %

17.1

Low 20 mm 1.7
High 0.4
- 20.8
Low 19 mm 1.7
High 0.5
- 11.8
Low 23 mm 0.9
High 0.2
- 11.7
Low 21 mm 1.2
High 1.2
- 12.4
Low 26 mm 0.6
High 0.0
- 17.0
Low 24 mm 1.6
High 1.9
Low 6.8
High 26 mm 1.3
Low 5.5
High 25 mm 6.8
- 129
Low 29 mm 4.8
High 4.5
- 20.2
Low 27 mm 4.5
High 3.8



S3inS3
combinations

ACURATE in S3

combinations

20mm S3in
20 mm S3

Redo-TAVI with ACURATE neo2 in SAPIEN 3

29 Mm S3in
29 mm S3

26 mm S3 in
26 mm S3

23 mm S3in
23 mm S3

Lower limit
of sizing

Upper limit
of sizing

PWI17.1%

ACn2Sin
20 mm S3

_ = <‘__.44

PWI 11.8% PWI 12.4% PWI 12.9%

ACn2Sin ACn2 M in ACn2 Lin AC XL in
23 mm S3 26 mm S3 26 mm S3 29 mm S3

Lower limit
of sizing

Upper limit
of sizing

PWI 1.7%

PWI 6.8%

PWI 1.6%

PWI 5.5% PWI 4.8%

PWI 0.6%

PWI 0.9%

Figure 4. Images from the high-speed videos showing the degree of pinwheeling for each combination. For the ACURATE in S3,
only combinations with a nominally low implantation are shown. ACn2 S: ACURATE neo2 small; ACn2 M: ACURATE neo2
medium; ACn2 L: ACURATE neo2 large; AC XL: ACURATE Prime XL; PWI: pinwbheeling index; S3: SAPIEN 3

24
22 A
20
18
16
14 H
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8 ]
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Functional neoskirt height (mm)

218 221
19.7 18.8 19.1
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= 2 £ 2 E = o
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1= << ~
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20 mlm S3 23 mlm S3 26 mlm S3 29 mlm S3
Index THV size

Figure 5. Grapbhical illustration of functional neoskirt height according to THV type and size. ACn2 S: ACURATE neo2 small;
ACn2 M: ACURATE neo2 medium; ACn2 L: ACURATE neo2 large; AC XL: ACURATE Prime XL; S3: SAPIEN 3;

THV: transcatheter heart valve
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The functional neoskirt heights were shortest in the low
implantation position, with the lowest value (13.7 mm) for
the ACn2 S implanted in a nominally low position in the
20 mm S3. A higher functional neoskirt height was noted
in the high implantation position, with the highest value
(22.1 mm) obtained for the AC XL implanted in the 29 mm
S3. As a comparison, the S3 in S3 combination resulted in
lower functional neoskirt heights, ranging from 10.1 mm to
14.5 mm when considering the top of the commissural tabs
and 12.9 mm to 19.8 mm when considering the top of the
frame.

Discussion

The current study shows that 1) redo-TAVI with the ACn2
or the new AC XL in S3 was associated with a more favour-
able hydrodynamic performance across all THV sizes com-
pared to the S3 in S3 combination. 2) The supra-annular
design of the ACn2/AC XL makes them less susceptible to
constriction by the index THV at the level of leaflet coapta-
tion, with consequently less pinwheeling. 3) The diameter of
the ACn2/AC XL upper crown can exceed the diameter of
the index S3 by almost 4 mm. 4) A nominally high implanta-
tion of the ACn2/AC XL offers minimal advantage compared
to a nominally low implantation. 5) When the native annular
diameter is relatively small compared to the index THYV, the
ACn2/AC XL is less affected than the S3 when used as the
redo THV. 6) Redo-TAVI with the ACn2/AC XL inside an S3
resulted in a slightly taller neoskirt compared to the S3 in S3
combination.

Redo-TAVI represents a clinical challenge, since there is
a need to avoid coronary obstruction and to preserve coro-
nary access while optimising THV performance. Short-frame
THVs offer the advantage of a shorter neoskirt but may be
associated with higher residual gradients, while tall-frame
THVs create a taller neoskirt and might compromise coro-
nary access*'®!!, The findings of the present study suggest
that the ACn2/AC XL platform might offer a compromise
through its unique design for redo-TAVI. Indeed, when used
as the redo THYV, the ACn2/AC XL consistently resulted in an
acceptable gradient, with a particular advantage for smaller
valve sizes compared to the S3 in S3 combinations. In addi-
tion, all ACn2/AC XL combinations had very limited pin-
wheeling compared to the S3 in S3 combinations. This latter
finding is explained by the fact that the function of the ACn2/
AC XL platform depends on proper expansion of the upper
crown and commissural post but is less influenced by the
lower crown, which is more susceptible to being constrained
in an underexpanded index THV. By contrast, the S3 — which
is implanted at the same depth as the index THV - requires
optimal expansion at every level, which can be challenging to
achieve within a degenerated and potentially underexpanded
index THV. The clinical implications of non-homogeneous
expansion and pinwheeling remain controversial, but they
have been linked to increased risk of thrombosis and poten-
tially reduced durability!>'3.

Despite the taller neoskirt observed with the ACn2/AC XL
compared to the S3 in S3 combination, it is likely that the
ACURATE platform offers the best chance of preserving cor-
onary access when using a tall-frame THYV, as suggested by
prior clinical and bench data'*"". Additionally, it appears that
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neoskirt height can be minimised by using the low implant
with the upper crown just above the outflow of the S3, since
a higher implant did not seem to offer much gain in terms of
hydrodynamic function or pinwheeling and may potentially
impact coronary access.

Finally, the present study offers some insights for risk miti-
gation strategies in the context of redo-TAVI. Indeed, we show
that the upper crown of the ACn2/AC XL THVs extends
beyond the index THV. This could potentially have significant
implications in terms of the risk of aortic root injury, especially
when performing aggressive post-dilatation where the upper
crown could come into contact with the aortic wall. This seems
particularly true for the combinations inside the 20 mm S3 -
which are usually implanted in patients with a small aortic root
— where the upper crown diameter was >5 mm larger than the
S3.

Limitations

Bench testing design may not reflect physiological conditions
in clinical practice. Indeed, the index valves were new, and
hence in a degenerated in vivo failed valve which is calcified,
expansion of the index THV may vary compared to a bench
model. Additionally, it is possible that combining pre- and
post-dilatation in the index S3 might have led to improved
performances of the S3 in S3 combination!®. Moreover, in
the context of a degenerated and/or constricted S3, an under-
sizing strategy, in which a smaller S3 is selected in order to
allow for more complete expansion and potentially reduced
pinwheeling, still needs to be investigated. It must also be
noted that the S3 and not the SAPIEN 3 Ultra (Edwards
Lifesciences) was used in this study and that it is unclear if
the enhanced outer skirt of the Ultra version would lead to
even more underexpansion of the valve when used as the redo
THYV. Finally, due to the difficulty of obtaining THVs for the
purpose of bench testing, only one sample per combination
was available.

Conclusions

Redo-TAVI with an ACn2/AC XL within an index S3 led to
favourable THV haemodynamics and minimal leaflet pin-
wheeling compared to an S3 in S3 combination, particu-
larly in cases with a small annulus compared to the index
THYV size. The S3 in S3 combinations, however, had a lower
neoskirt.
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Supplementary data

Supplementary Table 1. Expansion of the index THV for the combinations tested.

S3and ACn2 Post-dilatation Annulus S3 measurements
. Configuration TRUE balloon | Position . Comm. . .
size size Diameter Mid portion Inflow
posts
20mm S3 in 20mm S3 -- -- 19.6 19.6 19.6
. Low 20mm 19.9 19.7 19.8
ACn2 Small ACn2 small in 20mm S3 20mm High 20.0 19.7 19.8
20mm S3 20mm S3in 20mm S3 -- L-- o 12: 122 ?gg
. ow mm . . .
ACn2 small in 20mm S3 18mm High 19.2 194 195
23mm S3 in 23mm S3 -- -- 22.6 22.7 22.7
. Low 23mm 22.8 22.8 23.0
ACn2 Small ACn2 small in 23mm S3 22mm High 229 228 23.0
23mm S3 23mm S3in 23mm S3 -- L-- ’1 ;;g z;g 3?;
. ow mm . . .
ACn2 small in 23mm S3 20mm High 5 1 220 217
26mm S3 in 26mm S3 -- -- 25.5 26.0 25.8
. L Low 26mm 25.5 254 25.3
ACn2 Medium | ACn2 medium in 26mm S3 24mm High 255 25.4 253
26mm S3 26mm S3 in 26mm S3 -- L-— o4 22(7) gj; 222
A ow mm . . .
ACn2 medium in 26mm S3 22mm High 25 1 245 24.6
. Low 25.5 25.1 25.1
ACn2 Large ACn2 large in 26mm S3 26mm High 26mm 255 252 252
Low 24.9 24.5 24.4
26mm S3 i
ACn2 large in 26mm S3 24mm High 25mm 25.0 246 244
29mm S3 in 29mm S3 - - 28.5 28.4 28.0
. Low 29mm 29.3 28.7 28.5
ACURATE XL | ACURATE XL in 29mm S3 28mm High 205 289 28.7
29mm S3 29mm S3 in 29mm S3 -- L-- . ;?g gs; 33523
. ow mm . . .
ACURATE XL in 29mm S3 26mm High 275 27 1 27 1




