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BACKGROUND: The DurAVR transcatheter heart valve (THV) is a novel biomimetic balloon-expandable valve with
promising early clinical results.

AIMS: We aimed to assess the hydrodynamic performance of the DurAVR THYV in native, valve-in-valve (ViV), and
redo-transcatheter aortic valve implantation (TAVI) procedures against commercially available THVs on the bench.

METHODS: The hydrodynamic function of the DurAVR THYV was assessed by simulating native valve deployments at
0 mm, 3 mm, and 6 mm depths, compared to SAPIEN 3 (S3), Evolut PRO, Navitor, and ACURATE neo2 (ACn2)
valves. For ViV simulations, THVs were implanted in 21 mm and 23 mm Magna Ease, Mosaic, and Hancock
bioprostheses. For redo-TAVI simulations, the DurAVR THV was assessed within S3, Evolut PRO, Navitor, and
ACn2 valves.

RESULTS: For native TAVI simulations, the DurAVR THV demonstrated superior or comparable hydrodynamic
performance, independent of implant depth, with an effective orifice area (EOA) >3 cm? and a mean gradient (MG)
<6 mmHg. The DurAVR THV had nil to mild pinwheeling (0-2%) at all depths, while the S3 and Evolut PRO
showed moderate pinwheeling at 6 mm depth. For ViV simulations, the DurAVR THV exhibited larger EOAs and
lower MGs than the comparator THVs and showed no more than mild pinwheeling in all ViV configurations. For
redo-TAVI simulations, the DurAVR THYV exhibited larger EOAs and lower MGs in each simulation compared to
all other THVs tested, with no more than mild pinwheeling observed in all configurations except when implanted
within the Evolut PRO.

CONCLUSIONS: In this bench study, the DurAVR THV demonstrated excellent hydrodynamic performance in native,
ViV, and redo-TAVI simulations. Future large-scale studies are needed to confirm these findings in clinical application
and further characterise the valve’s short- and long-term performance.
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r I Yhe use of transcatheter aortic valve implantation
(TAVI) is now transitioning towards a younger
patient population with greater anticipated longevity'.

Thus, there is an increasing need for devices with optimal

haemodynamic performance in both the short and long

term. One of the main challenges for current and future
transcatheter heart valve (THV) platforms is to engineer
leaflets resistant to different modes of degeneration?. Post-

TAVI thrombosis is poorly understood, and one mechanism

may be related to prosthesis expansion and flow within the

neosinuses®!. Therefore, a THV that functions well across

a wide range of deployment configurations and/or restores

near-physiological flow may be advantageous and help

improve long-term durability.

Presently, operators can choose between short-frame balloon-
expandable (BE) and tall-frame self-expanding (SE) THVs. SE
valves may have a better haemodynamic profile, particularly in
the context of a small annulus, valve-in-valve (ViV) TAVI, or
redo-TAVI, even if the impact on hard clinical endpoints and
durability is debated®’. Conversely, BE THVs are associated
with lower pacemaker rates and improved coronary access
in clinical practice®. On the bench, BE valves are generally
associated with a higher degree of pinwheeling, a phenomenon
that is potentially linked to reduced leaflet durability®!°. Thus,
a short-frame BE THV with little to no pinwheeling and
improved haemodynamics would be of great interest.

The recently developed DurAVR (Anteris
Technologies) is a TAVI platform built around a biomimetic
BE THV with a single-piece, moulded bovine pericardial
tissue leaflet intended to mimic the shape of the native aortic
valve. The first-in-human implantations of the DurAVR
valve have been performed successfully, with excellent early
clinical outcomes and restoration of near-physiological aortic
flow'!. While clinical data on the DurAVR THV is growing,
additional insight is needed. Therefore, to further evaluate
the capabilities of this novel BE THYV, we performed an in
vitro bench study to assess the performance of the valve in
three different important procedural settings: native valve
TAVI, ViV TAVL and redo-TAVI, in comparison to other
commercially available THV devices.

Methods

OBJECTIVES

The present study had the following objectives:

1) To assess the hydrodynamic function of the DurAVR THV
on the bench at three different depths (0 mm, 3 mm, and
6 mm) and compare this to four commercially available
THV platforms: SAPIEN 3 (S3 [Edwards Lifesciences]),
Evolut PRO (Medtronic), Navitor (Abbott), and ACURATE
neo2 (ACn2 [Boston Scientific]).

2) To evaluate the hydrodynamic function of the DurAVR
THYV when used in a ViV context within different types of

system

DurAVR for TAVI, ViV TAVI and redo-TAVI

Impact on daily practice

The DurAVR transcatheter heart valve (THV) is an
intra-annular balloon-expandable THV that has shown
promising results in early feasibility clinical experience.
In this bench study, the DurAVR THV showed excellent
hydrodynamic performance in native transcatheter aortic
valve implantation (TAVI), valve-in-valve TAVI, and redo-
TAVI simulations, compared to SAPIEN 3, Navitor, Evolut
PRO, and ACURATE #neo02 valves. The performance and
characteristics of both the current and anticipated larger
DurAVR THYV sizes need to be assessed in future in vitro
testing, and a larger clinical series is required to validate
these findings in vivo.

surgical bioprostheses (Magna Ease [Edwards Lifesciences],
Mosaic [Medtronic], and Hancock [Medtronic]) and
compare this to four commercially available THV
platforms (S3, Evolut PRO, Navitor, ACn2).

3) To evaluate the hydrodynamic function of the DurAVR
THV when used in a redo-TAVI context within different
types of THVs and compare this to the use of other THVs
(S3, Evolut PRO, Navitor, ACn2).

STUDY METHODS

In vitro testing was performed in collaboration with the
Cardiovascular ~ Translational ~ Laboratory  (Vancouver,
Canada) and Anteris Technologies (Minneapolis, MN, USA).
This study was performed under physiological test conditions
with no human or animal participants, and thus ethical
approval was not required.

VALVES

The DurAVR THYV is a BE THV, currently available in one
size, with a short cobalt-chromium frame and large top
cell intended for the treatment of native aortic annuli of
21 mm to 24 mm area-derived diameter, with a valve height
of 23 mm. The THV has a trileaflet configuration built
from a single piece of moulded bovine pericardium treated
with an anticalcification tissue process (ADAPT [Anteris
Technologies])!? (Figure 1A).

S3 is a BE THV with a cobalt-chromium frame, trileaflet
bovine pericardial tissue valve, and polyethylene terephthalate
fabric skirt.

Navitor is an SE THV incorporating a nitinol frame and
an active sealing cuff. Unlike other SE THVs, the trileaflet
bovine pericardial leaflets are positioned lower in the stent
frame in an intra-annular position.

ACn2 incorporates an SE nitinol frame with three large
open stabilisation arches, supra-annular trileaflet porcine
pericardial leaflets, and a polyester fabric sealing skirt.

Abbreviations

Acn2 ACURATE neo2 MG  mean gradient SHV  surgical heart valve

BE balloon-expandable RF regurgitant fraction TAVI transcatheter aortic valve implantation
CT computed tomography S3 SAPIEN 3 THV  transcatheter heart valve

EOA  effective orifice area SE self-expanding ViV valve-in-valve
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Figure 1. DurAVR THYV design analysis in comparison to leading THVs. A) Novel design and components of the DurAVR THV.
B) Photographic images of the DurAVR THYV and commercially available THVs used comparing skirt heights. C) Fluoroscopy
of the DurAVR THYV and comparators showing overall valve heights. ACn2: ACURATE neo2; THV: transcatheter heart valve

Evolut PRO is also designed around an SE nitinol frame
with supra-annular trileaflet porcine pericardial leaflets and
a porcine pericardial skirt.

The DurAVR valve was assessed in comparison to 23 mm
S3, 25 mm Navitor, 23 mm and 26 mm Evolut PRO, and
ACn2 THVs. Size selection for the comparators was matched
to the size range currently covered by the DurAVR THV. The
THVs used in the study are shown in Figure 1B and Figure 1C.

For the ViV component of the study, three types of surgical
heart valves (SHVs) were used as the modelled “failed”
index valves: 21 mm and 23 mm Magna Ease (true internal
diameter [ID] 19 mm and 21 mm, respectively), 21 mm and

Eurolntervention 2025;21:¢1090-¢1101  David Meier et al.

23 mm Mosaic (true ID 17 mm and 19 mm, respectively),
and 21 mm and 23 mm Hancock (true ID 17 mm and
19 mm, respectively). Size selection for the SHV was based
on recommendations from the Aortic ViV app (KRUTSCH).
Finally, for the redo-TAVI section of the study, a total of four
THVs were used as “failed” index valves: 23 mm S3, 26 mm
Evolut PRO, small ACURATE #neo2, and 25 mm Navitor.

THV CONFIGURATIONS

Supplementary Figure 1 outlines the overall configurations used
in testing for native TAVI, ViV TAVI, and redo-TAVI. For native
TAVI testing, the DurAVR THV, 23 mm S3, 25 mm Navitor,



26 mm Evolut PRO, and small ACn2 were utilised. For each
THYV, three different implant depths were used: 0 mm, 3 mm,
and 6 mm. For the ViV TAVI testing, the DurAVR THYV, 23 mm
S3, 23 mm or 26 mm Evolut PRO, 25 mm Navitor, and small
ACn2 were used. These THVs were implanted in three types
of SHV (Magna Ease, Mosaic, and Hancock) with two sizes
for each SHV (21 mm and 23 mm) as described above. This
represents a total of 27 ViV configurations, as the Navitor was
not tested in the 21 mm SHVs because an appropriately sized
Navitor was not available. Only one implant depth of 0 mm
was tested for all ViV configurations. Images and fluoroscopy
of ViV configurations are shown in Supplementary Figure 2 and
Supplementary Figure 3.

Redo-TAVI performance was assessed using the 23 mm S3,
26 mm Evolut PRO, small ACn2 and 25 mm Navitor as the
“failed” index THVs. The DurAVR THV and 23 mm S3 were
implanted in all redo-TAVI configurations. However, as the
implant of a tall-frame THV in a failed tall-frame valve is an
unlikely clinical combination, ACn2, Navitor, and Evolut PRO
were not assessed in other tall-frame valves and were only
evaluated when implanted in S3 THVs. Overall, a total of 11
combinations were tested. For redo-TAVI, when Evolut PRO
served as the “failed” index valve, the S3 and DurAVR THV
were placed at node 5, as is commonly performed clinically.
All deployments were performed in nominal conditions, and
images and fluoroscopy of redo-TAVI configurations are
shown in Supplementary Figure 4.

HYDRODYNAMIC ASSESSMENT

A pulse duplicator test system (BDC Laboratories) was used to
assess hydrodynamic performance for all TAVI configurations.
The THVs, index SHVs and index THVs were placed into
a holder fabricated from silicone. The holder compliance was
chosen in accordance with International Organization for
Standardization (ISO) 5840-3:2021'%. For assessment, THVs
were then directly deployed into holders for TAVI or into
index SHVs and index THVs placed in holders for ViV TAVI
and redo-TAVI testing, respectively. No post-dilatation was
performed.

All testing was completed in a saline solution at 37°C, and
results were taken for 20 consecutive cycles, repeated 3 times,
and then averaged. High-speed video filming was performed
to assess index valve kinematics from the outflow and
inflow. Pulsatile forward flow performance was measured
at a nominal beat rate of 701 beats/min, systolic duration
of 35+5%, mean aortic pressure of 1002 mmHg, and
simulated cardiac output of 5+0.1 L/min. The mean gradient
(MG; mmHg), regurgitant fraction (%), and effective orifice
area (EOA; cm?) were assessed. The maximum allowable
regurgitant fraction in accordance with ISO 5840-3:2021 is
<20%*"3. The total regurgitant fraction, which included closing
and intervalvular regurgitation, was assessed. The EOA was
computed according to a simplified version of the Bernoulli
equation, as previously described in ISO 5840%. Of note, for
ACn2, hydrodynamic data are only available for 0 mm and
3 mm depths due to interaction between the holder and the
THYV upper crown at 6 mm depth. The opening index was
calculated from still imaging taken from the hydrodynamic
video and represents the ratio of the maximal area for opening
and the dimension of the free edge in systole.

DurAVR for TAVI, ViV TAVI and redo-TAVI

IMAGING PROTOCOL

Fluoroscopy of the THVs alone and in ViV combinations was
performed using the OEC 9900 Elite Mobile C-arm X-ray
system (GE HealthCare). High-resolution photography was
performed at a prespecified magnification and fixed camera
height. High-speed video from the hydrodynamic testing was
also captured.

PINWHEELING

Pinwheeling, as defined by the ISO guideline for THV testing,
refers to twisting of the free edges of the leaflets, resulting
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. Pinwheeling was classified as mild (<5%),
moderate (5-9%) or severe (210%).

STATISTICS
Hydrodynamic variables, EOA, pressure gradients, and total
regurgitation fraction are reported as mean values.

Results

HYDRODYNAMIC PERFORMANCE FOR THE NATIVE
SIMULATIONS

Photographic and fluoroscopic images of the DurAVR THV
and comparator THVs are shown in Figure 1, along with
skirt and frame heights. Overall, use of the DurAVR THV
resulted in excellent hydrodynamic performance, independent
of implant depth (Figure 2A, Figure 2B). The EOA was
consistently >3 ¢m? and MG <6 mmHg. The other THVs
used as comparator valves also showed good performance,
independent of implant depth, with an EOA >2 c¢cm? and an
MG <10 mmHg. However, the EOA was greater and the MG
was lower for the DurAVR THV at all three implant depths
compared to the other THV:s tested, with the increased opening
index of DurAVR THYV being visually appreciable (Figure 1C).
Comparison of the DurAVR THV to the S3 at 3 mm depth
exemplifies this, with an 82% opening index for the DurAVR
THYV compared to 72% for the S3. Representative cycles of
hydrodynamic function at 3 mm implant depth are shown in
Moving image 1.

PINWHEELING FOR THE NATIVE TAVI SIMULATIONS
Analysis of video from the hydrodynamic assessment of
THVs simulating native TAVI implantion showed that the
DurAVR THYV resulted in very mild pinwheeling (between
0% and 2%) at all implant depths tested. This was also the
case for ACn2 and Navitor. However, Evolut PRO displayed
moderate pinwheeling at 6 mm depth, and S3 displayed
moderate pinwheeling at 3 and 6 mm depths (Figure 3).

HYDRODYNAMIC PERFORMANCE FOR THE VIV TAVI
CONFIGURATIONS

Photographic and fluoroscopic images of the ViV
combinations are displayed in Supplementary Figure 2 and
Supplementary Figure 3. ViV configurations resulted in
diminished hydrodynamic performance compared to native
THVs. However, in the ViV context, the DurAVR THV
was associated with larger EOAs and lower MGs than the

Eurolntervention 2025;21:¢1090-¢1101  David Meier et al.
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Figure 2. Effective orifice area and mean gradient of the THVs in the native TAVI simulations at varying depths. EOA (A) and

mean gradient (B) of the THVs in the native simulations at 0 mm, 3 mm, and 6 mm depths with representative images of valve
opening at 3 mm depth (C). ACn2 S: ACURATE neo2 small; EOA: effective orifice area; MG: mean gradient; S3: SAPIEN 3;

TAVI: transcatheter aortic valve implantation; THV: transcatheter heart valve

comparators, with the greatest difference seen with implants in
the 21 mm surgical valves (Figure 4A, Figure 4B). In particular,
within the 21 mm Hancock, the DurAVR THV was the only
THV with an MG below the acceptable threshold according to
ISO guidelines (16.4 mmHg for DurAVR THV vs 19.7 mmHg,
21.1 mmHg, and 20.2 mmHg for S3, Evolut PRO, and ACn2,
respectively). The smallest difference was noted for the 23 mm
Magna Ease, where all THVs had an MG <10 mmHg. Of note,
the advantage of the DurAVR valve was more marked in the
porcine leaflet valves (Hancock and Mosaic) which had smaller
true ID than in the Magna Ease (pericardial leaflets). Moving
image 2 shows hydrodynamic function examples for ViV.

PINWHEELING FOR THE VIV TAVI CONFIGURATIONS
Pinwheeling was generally more marked in the ViV configurations
than for the native THV implant alone, except for the DurAVR

Eurolntervention 2025;21:¢1090-21101 ¢ David Meier et al.

THYV, which showed no more than mild pinwheeling (range
0-3%) for any of the surgical valve sizes and types tested
(Figure 5). Similar to native TAVI configurations, a lower extent
of pinwheeling was seen for ACn2, except for the 21 mm and
23 mm Hancock valves, where moderate pinwheeling was noted.
Evolut PRO had severe pinwheeling in the 21 mm surgical
valves and moderate pinwheeling in the 23 mm surgical valves.
S3 had severe pinwheeling in the 21 mm surgical valves and
moderate to severe pinwheeling in the 23 mm surgical valves.
Finally, Navitor had a variable (from mild to severe) degree of
pinwheeling depending on the surgical valve type.

HYDRODYNAMIC PERFORMANCE FOR THE REDO-TAVI
CONFIGURATIONS

Supplementary Figure 4 displays photographic and
fluoroscopic images of the redo-TAVI simulations. The
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NA: not applicable; PW1: pimwbeeling index; THV: transcatheter heart valve
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DurAVR THV exhibited larger EOAs and lower MGs
than its comparators in each index THV configuration
(Figure 6A, Figure 6B). In all four configurations, the
DurAVR THV demonstrated an MG <8 mmHg and an
EOA >2.4 cm?.

PINWHEELING FOR THE REDO-TAVI CONFIGURATIONS
Figure 6C, Supplementary Figure 5 and Moving image 3
present the different degrees of pinwheeling observed in
the various redo-TAVI configurations. When redo-TAVI
was modelled in a failed S3, the DurAVR THV and ACn2
showed no pinwheeling (0%). In contrast, other THVs
(Evolut PRO, Navitor, S3) demonstrated moderate to severe
pinwheeling when implanted in an S3. In the case of redo-
TAVI modelled in a failed Navitor, ACn2, and S3, DurAVR
THV was compared to S3 only. In these configurations,
the DurAVR THV showed notably less pinwheeling than
the S3. However, due to the extent of leaflet overhang,
pinwheeling measurements were not possible at all in the
cases modelled in a failed Evolut PRO, and in one case
modelled in a failed ACn2, only visual estimation was
possible.

DurAVR for TAVI, ViV TAVI and redo-TAVI

Discussion

In this bench evaluation of the DurAVR TAVI system,
we demonstrate that this new platform has (1) excellent
hydrodynamic performance in native simulations compared
to other platforms; (2) superior hydrodynamic performance
to other platforms when tested in ViV TAVI and redo-TAVI
configurations; and (3) less susceptibility to pinwheeling than
other platforms (Central illustration).

Early clinical experience has shown promising valve
performance with the DurAVR TAVI system!'. In lieu of
clinical comparative data with other commercially available
THVs, we show on the bench that the DurAVR THYV is
consistently associated with MGs <10 mmHg and large
EOAs, independent of implant depth. These results are
consistent with the observed data in the first-in-human
experience!!, which demonstrated stable haemodynamics
up to 1 year. Although the DurAVR THV presented with
numerically lower values than the comparators, MGs were
similar across platforms.

In the ViV TAVI configurations, where THVs are generally
constrained by the surgical valve, the DurAVR THV performed
better than the comparator THV platforms. This benefit was
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Figure 6. Effective orifice area, mean gradient and pinwbheeling index in redo-TAVI simulations. Effective orifice area (EOA),
mean gradient (MG) (A, B) and pimwheeling index (PWI) with representative hydrodynamic testing images in diastole (C).
Green: mild, yellow: moderate, red: severe. *Visual estimation. ACn2 S: ACURATE neo2 small; S3: SAPIEN 3;

TAVI: transcatheter aortic valve implantation
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Functional assessment of the DurAVR THV in TAVI simulations.

A STUDY PROCEDURES

T e
'_.f.;:g;'o o

=

DurAVR tested in three settings
(native, ViV and redo-TAVI)
L Total of 52 comhinations

DurAVR for TAVI, ViV TAVI and redo-TAVI

Multimodality ex vivo evaluation of the DurAVR with hydrodynamic testing,
fluoroscopy and high-speed videos

Native TAVI ViV TAVI Redo-TAVI Navitor ACURATE neo2 Evolut PRO SAPIEN 3

Central lllustration

Comparison with 4 of the most commonly used
transcatheter heart valves
]

B  MAINRESULTS

3.5 4 10 o
3.1
3.0 2.8
8
254 23
< C 6
E 2.0 E
<< -=
1.5
B Q -
1.0 A
2
0.5
0.0 0
Native Viv Redo-TAVI

Native Viv Redo-TAVI

| DurAVR generally showed excellent hydrodynamic performance and almost no pinwheeling |

PWI 0%

Native TAVI ViV TAVI in Hancock Redo-TAVI in S3 Redo-TAVI in Navitor
PWI 3% PWI 0%
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A) Functional assessment of the DurAVR THV and other THV platforms was performed (total of 52 combinations) with
pulsatile testing allowing for measurement of MG/EOA. High-speed videos were recorded to assess leaflet motion and
pinwheeling. B) Main results of bench testing of EOA and MG for DurAVR at 3 mm depth of native TAVI, in 21 mm Magna
Ease ViV, and in Navitor redo-TAVI configurations. C) Study conclusions. EOA: effective orifice area; MG: mean gradient;
PWI: pimwheeling index; TAVI: transcatheter aortic valve implantation; THV: transcatheter beart valve; ViV: valve-in-valve

PWI 1%
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more pronounced in the smaller SHVs and was different
according to SHV type. This is a potentially important finding
since ViV TAVI is often associated with an elevated residual
gradient!S, and some data have suggested that in small SHVs,
BE short-frame THVs might have higher residual gradients®.
Moreover, there is perception that tall-frame SE THVs are
associated with a better haemodynamic profile for both index
and ViV TAVI. Here, we show the importance of performing
a detailed assessment of a new THV design without assuming
a class effect. Indeed, the short-frame BE DurAVR THV
had a comparative or better hydrodynamic profile than the
SE comparators. This may be related to the moulded single-
leaflet design.

In the redo-TAVI setting, the DurAVR THYV displayed larger
EOAs and lower, single-digit gradients compared to the other
THYV platforms, including SE tall-frame valves. This is a key
finding to note, as redo-TAVI with tall-frame SE platforms
has generally been associated with superior haemodynamics!®.

Another important finding of this study is the minimal
degree of pinwheeling observed in the DurAVR THV in
native, ViV and redo-TAVI simulations. The difference
compared to the other THV platforms was, however, much
more marked in the ViV and redo-TAVI simulations. With
the current THV platforms, pinwheeling is a phenomenon
generally seen in the context of valve underexpansion'’,
which, in turn, has been associated with increased propensity
for leaflet thrombus formation and may have negative clinical
implications for the patient'®"”. On the bench, pinwheeling
has been shown to cause more leaflet strain, impact turbulent
flow and reduce durability. Studies assessing underexpanded
S3 and ACn2 valves subjected to pinwheeling through
200 million cycles in ViV configurations showed a larger
degree of leaflet histological ultrastructure damage compared
to fully expanded valves'®?*22, However, despite its short
frame, which is only slightly taller than the S3, and its visible
underexpansion in the ViV configurations, the DurAVR THV
displayed almost no pinwheeling. This suggests that the
single-piece leaflet design with a long coaptation surface area
could potentially offer a protective effect against pinwheeling,
which, in turn, could reflect the near-physiological flow that
has been observed during early clinical experience.

Limitations

The study is presented with the known limitations inherent to
bench testing. THV expansion might be somewhat different
within a calcified annulus or a degenerated SHV or THYV, as
these factors were not represented in this study. Nevertheless,
the present work suggests that in similar conditions, the
DurAVR THV performs at least as well as its comparators.
Additionally, only one size of THV was tested and one sample
was used for each combination, and it remains unknown
whether similar findings would have been obtained with
larger index surgical valves and THVs. Additional bench
studies are needed to investigate the impact of varying degrees
of commissural alignment on hydrodynamic function, the
outcomes of accelerated wear testing on function and leaflet
integrity, and the implications of the DurAVR valve design on
neoskirt height and any subsequent impact on the feasibility of
coronary access. Future studies could also consider comparing
systolic and diastolic flow between platforms and assessing

DurAVR for TAVI, ViV TAVI and redo-TAVI

susceptibility to calcification or thrombosis. While this
bench study provides needed insight into the function of the
DurAVR THV compared to other THV platforms, ultimately
the evaluation of valve function and durability will need to be
determined through ongoing and future clinical trials.

Conclusions

In this study, the novel DurAVR THV demonstrated excellent
hydrodynamic performance in native TAVI, ViV TAVI, and
redo-TAVI simulations compared to other commercially
available balloon-expandable and self-expanding THVs.

Authors’ affiliations

1. Department of Cardiology, Lausanne University
Hospital, University of Lausanne, Lausanne, Switzerland;
2. Cardiovascular Translational Laboratory, Providence
Research & Centre for Heart Lung Innovation, Vancouver,
BC, Canada; 3. Centre for Cardiovascular Innovation, St
Paul’s Hospital, Vancouver, BC, Canada; 4. Vancouver
General Hospital, Vancouver, BC, Canada; 5. Centre for Heart
Valve Innovation, St. Paul’s Hospital, University of British
Columbia, Vancouver, BC, Canada; 6. Cardiology Department,
NewYork-Presbyterian/Columbia University Medical Center,
New York, NY, USA; 7. Minneapolis Heart Institute, Abbott
Northwestern Hospital, Minneapolis, MN, USA; 8. Structural
Heart Program, Blubm Cardiovascular Institute, Northwestern
Medicine, Chicago, 1L, USA; 9. Montefiore Einstein Center for
Heart and Vascular Care, Montefiore Medical Center, Albert
Einstein College of Medicine, Bronx, NY, USA; 10. Norwich
Medical School, University of East Anglia, Norwich, United
Kingdom; 11. Norfolk and Norwich University Hospitals NHS
Foundation Trust, Norwich, United Kingdom; 12. Columbia
University Irving Medical Center and NewYork-Presbyterian
Hospital, New York, NY, USA; 13. Department of Cardiology,
Karolinska University Hospital, Stockholm, Sweden

Funding

This work was supported by Anteris Technologies.

Conflict of interest statement

D. Meier has received an institutional grant from Edwards
Lifesciences. S.L. Sellers is a consultant for Edwards
Lifesciences, Anteris Technologies, Excision Medical, and
Medtronic; and has received research support from Edwards
Lifesciences, Medtronic, and HeartFlow. J.L. Cavalcante has
received consulting fees from 4C Medical, Abbott, Anteris
Technologies, Boston Scientific, Edwards Lifesciences,
JenaValve, and Medtronic; has received research grants from
Abbott, Allina Health Foundation, JenaValve, and NIH/
NHLBI; and he has received honoraria or consultation fees
from 4C Medical, Abbott, Alleviant, Anteris Technologies,
Boston Scientific, Edwards Lifesciences, JenaValve, JC Medical,
Medtronic, Novo Nordisk, Siemens Healthineers, VDyne, and
Zoll. M. Settergren is a consultant for Anteris Technologies,
Edwards Lifesciences, and Boston Scientific. C.U. Meduri
is the chief medical officer of Anteris Technologies; and
serves as a consultant to Boston Scientific, Abbott, Alleviant,
VDyne, Cardiovalve, xDot Medical, and V2V; he has received
research funding from Edwards Lifesciences and Medtronic.
A.W. Asgar has been a consultant for/on an advisory board

Eurolntervention 2025;21:¢1090-¢1101  David Meier et al.

1099



el1100

for Medtronic and Abbott; and has been a consultant for
Edwards Lifesciences. R.T. Hahn reports speaker fees from
Abbott, Baylis Medical, Edwards Lifesciences, Medtronic,
Philips, and Siemens Healthineers; institutional consulting
contracts for which she receives no direct compensation with
Abbott, Edwards Lifesciences, Medtronic, and Novartis; and
she is Chief Scientific Officer for the Echocardiography Core
Laboratory at the Cardiovascular Research Foundation for
multiple industry-sponsored tricuspid valve trials, for which
she receives no direct industry compensation. J. Sathananthan
is an employee of Boston Scientific; has been a consultant to
Edwards Lifesciences, Medtronic, and Anteris Technologies;
and has received research support from Medtronic, ViVitro
Labs, and Edwards Lifesciences. The other authors have no
relevant conflicts of interest to declare.

References

1. Sharma T, Krishnan AM, Lahoud R, Polomsky M, Dauerman HL. National
Trends in TAVR and SAVR for Patients With Severe Isolated Aortic
Stenosis. | Am Coll Cardiol. 2022;80:2054-6.

2. Pibarot P, Herrmann HC, Wu C, Hahn RT, Otto CM, Abbas AE,
Chambers J, Dweck MR, Leipsic JA, Simonato M, Rogers T, Sathananthan J,
Guerrero M, Ternacle J, Wijeysundera HC, Sondergaard L, Barbanti M,
Salaun E, Généreux P, Kaneko T, Landes U, Wood DA, Deeb GM,
Sellers SL, Lewis J, Madhavan M, Gillam L, Reardon M, Bleiziffer S,
O’Gara PT, Rodés-Cabau J, Grayburn PA, Lancellotti P, Thourani VH,
Bax JJ, Mack M], Leon MB; Heart Valve Collaboratory. Standardized
Definitions for Bioprosthetic Valve Dysfunction Following Aortic or Mitral
Valve Replacement: JACC State-of-the-Art Review. | Am Coll Cardiol.
2022;80:545-61.

3. Trusty PM, Sadri V, Madukauwa-David ID, Funnell E, Kamioka N,
Sharma R, Makkar R, Babaliaros V, Yoganathan AP. Neosinus Flow Stasis
Correlates With Thrombus Volume Post-TAVR: A Patient-Specific In Vitro
Study. JACC Cardiovasc Interv. 2019;12:1288-90.

4. Trusty PM, Bhat SS, Sadri V, Salim MT, Funnell E, Kamioka N, Sharma R,
Makkar R, Babaliaros V, Yoganathan AP. The role of flow stasis in trans-
catheter aortic valve leaflet thrombosis. | Thorac Cardiovasc Surg.
2022;164:¢105-17.

5. Okuno T, Tomii D, Lanz ], Heg D, Praz F, Stortecky S, Reineke D,
Windecker S, Pilgrim T. 5-Year Outcomes With Self-Expanding vs Balloon-
Expandable Transcatheter Aortic Valve Replacement in Patients With
Small Annuli. JACC Cardiovasc Interv. 2023;16:429-40.

6. Rodés-Cabau J, Abbas AE, Serra V, Vilalta V, Nombela-Franco L,
Regueiro A, Al-Azizi KM, Iskander A, Conradi L, Forcillo J, Lilly S,
Calabuig A, Fernandez-Nofrerias E, Mohammadi S, Panagides V, Pelletier-
Beaumont E, Pibarot P. Balloon- vs Self-Expanding Valve Systems for
Failed Small Surgical Aortic Valve Bioprostheses. | Am Coll Cardiol.
2022;80:681-93.

7. Leone PP, Regazzoli D, Pagnesi M, Cannata F, Mangieri A, Hokken TW,
Costa G, Barbanti M, Teles RC, Adamo M, Taramasso M, Reifart J, De
Marco E, Giannini F, Kargoli F, Ohno Y, Saia F, Buono A, Ielasi A, Pighi M,
Chiarito M, Bongiovanni D, Cozzi O, Stefanini G, Ribichini FL, Maffeo D,
Chizzola G, Bedogni F, Kim WK, Maisano F, Tamburino C, Van
Mieghem NM, Colombo A, Reimers B, Latib A. Implantation of contem-
porary transcatheter aortic valves in small aortic annuli: the international
multicentre TAVI-SMALL 2 registry. Eurolntervention. 2023;19:256-66.

8. Costa G, Saia F, Pilgrim T, Abdel-Wahab M, Garot P, Valvo R, Gandolfo C,
Branca L, Latib A, Santos IA, Mylotte D, De Marco F, De Backer O,
Franco LN, Akodad M, Mazzapicchi A, Tomii D, Laforgia P, Cannata S,
Fiorina C, Scotti A, Lunardi M, Poletti E, Mazzucca M, Quagliana A,
Hennessey B, Meier D, Adamo M, Sgroi C, Reddavid CM, Strazzieri O,
Motta SC, Frittitta V, Dipietro E, Comis A, Melfa C, Thiele H, Webb JG,
Sendergaard L, Tamburino C, Barbanti M. Transcatheter Aortic Valve
Replacement With the Latest-Iteration Self-Expanding or Balloon-
Expandable Valves: The Multicenter OPERA-TAVI Registry. JACC
Cardiovasc Interv. 2022;15:2398-407.

Eurolntervention 2025;21:¢1090-¢1101  David Meier et al.

©

14.

20.

21,

. Meier D, Puehler T, Lutter G, Shen C, Lai A, Gill H, Akodad M, Tzimas G,

Chhatriwalla A, Allen KB, Blanke P, Payne GW, Wood DA, Leipsic JA,
Webb JG, Sellers SL, Sathananthan J. Bioprosthetic Valve Remodeling
in Nonfracturable Surgical Valves: Impact on THV Expansion and
Hydrodynamic Performance. JACC Cardiovasc Interv. 2023;16:
1594-608.

. Martin C, Sun W. Transcatheter Valve Underexpansion Limits Leaflet

Durability: Implications for Valve-in-Valve Procedures. Ann Biomed Eng.
2017;45:394-404.

. Kodali SK, Sorajja P, Meduri CU, Feldt K, Cavalcante JL, Garg P, Hamid N,

Poon KK, Settergren MRM, Burns MR, Riick A, Sathananthan J,
Zajarias A, Shaburishvili T, Zirakashvili T, Zhividze M, Katchakhidze G,
Bapat VN. Early safety and feasibility of a first-in-class biomimetic trans-
catheter aortic valve - DurAVR. Eurolntervention. 2023;19:€352-62.

. Neethling W, Rea A, Forster G, Bhirangi K. Performance of the ADAPT-

Treated CardioCel® Scaffold in Pediatric Patients With Congenital Cardiac
Anomalies: Medium to Long-Term Outcomes. Front Pediatr. 2020;8:198.

.ISO 5840-3:2021. Cardiovascular implants — Cardiac valve prostheses.

Part 3: Heart valve substitutes implanted by transcatheter techniques.
Geneva, Switzerland: International Standards Organization; 2021. https://
www.iso.org/standard/67606.html. (Last accessed 20 March 2025).

Sathananthan J, Sellers S, Barlow AM, Stanova V, Fraser R, Toggweiler S,
Allen KB, Chhatriwalla A, Murdoch DJ, Hensey M, Lau K, Alkhodair A,
Dvir D, Asgar AW, Cheung A, Blanke P, Ye ], Rieu R, Pibarot P, Wood D,
Leipsic J, Webb JG. Valve-in-Valve Transcatheter Aortic Valve Replacement
and Bioprosthetic Valve Fracture Comparing Different Transcatheter Heart
Valve Designs: An Ex Vivo Bench Study. JACC Cardiovasc Interv.
2019;12:65-75.

. Alperi A, Robichaud M, Panagides V, Mesnier J, Nuche J, Paradis JM,

Delarochelliere R, Kalavrouziotis D, Dumont E, Mohammadi S, Rodés-
Cabau J. Impact of residual transvalvular gradient on clinical outcomes
following valve-in-valve transcatheter aortic valve replacement. Int |
Cardiol. 2022;366:90-6.

. Landes U, Richter I, Danenberg H, Kornowski R, Sathananthan J, De

Backer O, Sendergaard L, Abdel-Wahab M, Yoon SH, Makkar RR,
Thiele H, Kim WK, Hamm C, Buzzatti N, Montorfano M, Ludwig S,
Schofer N, Voigtlaender L, Guerrero M, El Sabbagh A, Rodés-Cabau J,
Mesnier J, Okuno T, Pilgrim T, Fiorina C, Colombo A, Mangieri A,
Eltchaninoff H, Nombela-Franco L, Van Wiechen MPH, Van Mieghem NM,
Tchétché D, Schoels WH, Kullmer M, Barbanti M, Tamburino C,
Sinning JM, Al-Kassou B, Perlman GY, lelasi A, Fraccaro C, Tarantini G,
De Marco F, Witberg G, Redwood SR, Lisko JC, Babaliaros VC, Laine M,
Nerla R, Finkelstein A, Eitan A, Jaffe R, Ruile P, Neumann FJ, Piazza N,
Sievert H, Sievert K, Russo M, Andreas M, Bunc M, Latib A, Bruoha S,
Godfrey R, Hildick-Smith D, Barbash I, Segev A, Maurovich-Horvat P,
Szilveszter B, Spargias K, Aravadinos D, Nazif TM, Leon MB, Webb JG.
Outcomes of Redo Transcatheter Aortic Valve Replacement According to
the Initial and Subsequent Valve Type. JACC Cardiovasc Interv.
2022;15:1543-54.

. Sathananthan J, Fraser R, Hatoum H, Barlow AM, Stanova V, Allen KB,

Chhatriwalla AK, Rieu R, Pibarot P, Dasi LP, Sendergaard L, Wood DA,
Webb JG. A bench test study of bioprosthetic valve fracture performed
before  versus after  transcatheter  valve-in-valve intervention.
Eurolntervention. 2020;15:1409-16.

. Fukui M, Bapat VN, Garcia S, Dworak MW, Hashimoto G, Sato H,

Gossl M, Enriquez-Sarano M, Lesser JR, Cavalcante JL, Sorajja P.
Deformation of Transcatheter Aortic Valve Prostheses: Implications for
Hypoattenuating Leaflet Thickening and Clinical Outcomes. Circulation.
2022;146:480-93.

. Khodaee F, Barakat M, Abbasi M, Dvir D, Azadani AN. Incomplete expan-

sion of transcatheter aortic valves is associated with propensity for valve
thrombosis. Interact Cardiovasc Thorac Surg. 2020;30:39-46.

Pietrasanta L, Zheng S, De Marinis D, Hasler D, Obrist D. Characterization
of Turbulent Flow Behind a Transcatheter Aortic Valve in Different
Implantation Positions. Front Cardiovasc Med. 2022;8:804565.

Gunning PS, Saikrishnan N, Yoganathan AP, McNamara LM. Total ellipse
of the heart valve: the impact of eccentric stent distortion on the regional
dynamic deformation of pericardial tissue leaflets of a transcatheter aortic
valve replacement. | R Soc Interface. 2015;12:20150737.



22. Meier D, Payne GW, Mostago-Guidolin LB, Bouchareb R, Rich C, Lai A,
Chatfield AG, Akodad M, Salcudean H, Lutter G, Puehler T, Pibarot P,
Allen KB, Chhatriwalla AK, Sondergaard L, Wood DA, Webb ]G,
Leipsic JA, Sathananthan J, Sellers SL. Timing of bioprosthetic valve frac-
ture in transcatheter valve-in-valve intervention: impact on valve durability
and leaflet integrity. Eurolntervention. 2023;18:1165-77.

Supplementary data

Supplementary Figure 1. Schematic  outlining  test
figurations for native TAVI, ViV TAVI, and redo-TAVI.
Supplementary Figure 2. Photographic and fluoroscopic views
of valve-in-valve implants within the 21 mm surgical valves.
Supplementary Figure 3. Photographic and fluoroscopic views
of valve-in-valve implants within the 23 mm surgical valves.
Supplementary Figure 4. Photographic and fluoroscopic views
of redo-TAVI configurations.
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Supplementary Figure 5. Pinwheeling index (PWI) and
representative hydrodynamic testing images in diastole of
the redo-TAVI with Navitor, Evolut PRO, and ACn2 in
SAPIEN 3.

Moving image 1. Hydrodynamic
implants at 3 mm depth.

Moving image 2. Hydrodynamic
implants in 21 mm Magna Ease.
Moving image 3. Hydrodynamic  testing for
configurations with implantation in SAPIEN 3.
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redo-TAVI
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Supplementary Figure 1. Schematic outlining test configurations for native TAVI (A), VIV

TAVI (B), and redo-TAVI (C).




DurAVR 23mm SAPIEN 3 23mm Evolut Pro ACn2 Small

Ease
i,
A

21mm Magna

21mm Mosaic

.h-.,.-u-i

21mm Hancock

Supplementary Figure 2. Photographic and fluoroscopic views of valve-in-valve implants

within the 21 mm surgical valves.
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Supplementary Figure 3. Photographic and fluoroscopic views of valve-in-valve implants

within the 23 mm surgical valves.
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Supplementary Figure 4. Photographic and fluoroscopic views of redo-TAVI

configurations.
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Supplementary Figure 5. Pinwheeling index (PWI) and representative hydrodynamic testing
images in diastole of the redo TAVI with Navitor, Evolut PRO, and ACn2 in SAPIEN 3.

Green: mild; yellow: moderate; red: severe.



