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Abstract

Purpose—Failure of transcatheter heart valves (THV) may
potentially be treated with repeat transcatheter aortic valve
implantation (redo TAVI). We assessed hydrodynamic per-
formance, stability and pinwheeling utilizing the ALLEGRA
(New Valve Technology, Hechingen, Germany) THV, a CE
approved and marketed THV in Europe, inside different
THVs.
Methods—Redo TAVI was simulated with the 27 mm
ALLEGRA THV at three implantation depths (�4 mm,
0 mm and +4 mm) in seven different ‘failed’ THVs: 26 mm
Evolut Pro, 25 mm Lotus, 25 mm JenaValve, 25 mm Por-
tico, 23 mm Sapien 3, 27 mm ALLEGRA and M ACU-
RATE neo. Hydrodynamic evaluation was performed
according to International Standards Organization 5840-
3:2021.
Results—The ALLEGRA THV was stable with accept-
able performance (gradient<20 mmHg, effective orifice area
>2 cm2, and regurgitant fraction <20%) in all ‘failed’
THVs except the Evolut Pro at �4 mm implantation depth.
In this configuration, the outflow of the ALLEGRA frame
was constrained by the Evolut Pro THV and the ALLEGRA
leaflets were unable to fully close. Pinwheeling was severe for
the ALLEGRA in Evolut Pro. The neo-skirt was higher with
taller frame THVs.
Conclusion—The ALLEGRA THV had favorable hydrody-
namic performance, stability and pinwheeling in all redo
TAVI samples except the Evolut Pro at low implantation

depth with compromised function. The choice of initial THV
may have late implications on new THV choice and function.

Keywords—Aortic stenosis, ALLEGRA, TAVI, Redo TAVI,

Bench, Experimental.

INTRODUCTION

Transcatheter aortic valve implantation (TAVI)
indications are expanding and TAVI is increasingly
being performed in patients with longer life
expectancy.6,10 Given the bioprosthetic nature of
transcatheter heart valves (THV), they may eventually
fail and require repeat intervention (redo TAVI).5

Recently, redo TAVI (deployment of a new THV into
a failed THV) has shown to be feasible and safe with
both balloon- or self-expandable devices,5 but the im-
pact of different THV platforms and implantation
technique of redo TAVI on hydrodynamic perfor-
mance is unknown. This knowledge gap is furthered by
the limited clinical experience with newer THV plat-
forms being considered for use in redo TAVI proce-
dures. Moreover, the impact of the choice of a first
THV on the outcome of a later redo TAVI procedure
is poorly understood. These knowledge gaps can be
partially addressed through bench testing, which may
provide guidance to operators, when clinical experi-
ence is limited.
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Therefore, we aimed to evaluate the use of the self-
expandable ALLEGRA THV (New Valve Technol-
ogy, Hechingen, Germany), a CE approved and mar-
keted THV in Europe, in a bench study of redo TAVI.
The ALLEGRA THV has demonstrated favourable
outcomes in both native aortic stenosis and valve-in-
valve (ViV) procedures in failed surgical bioprosthe-
sis.2,9,17 Acceptable hydrodynamic performance has
been shown with the ALLEGRA THV, even in small
(labeled size <23 mm) surgical bioprosthesis.11 How-
ever, the optimum implantation technique with the
ALLEGRA THV and subsequent impact on function
in redo TAVI remains unknown. We assessed the
hydrodynamic performance, stability, and pinwheeling
of redo TAVI utilizing the ALLEGRA THV platform.

MATERIALS AND METHODS

Testing was performed at the Cardiovascular
Translational Laboratory (Vancouver, Canada) and
New Valve Technology (Hechingen, Germany). Redo
TAVI was evaluated with the 27 mm ALLEGRA
THV in 7 ‘failed’ THVs that would be able to be im-
planted into an area of 338–430 mm2 and/or a diam-
eter of 22–25 mm and/or a perimeter of 62.8–79
mm.4,8,13–16 ‘Failed’ valves constituted new/non-im-
planted THVs at nominal deployment meant to model
a failed THV.

Valves

The ‘failed’ THV included the 26 mm Evolut Pro
(Medtronic, Minneapolis, MN, USA), 25 mm Lotus
(Boston Scientific, Lotus, Marlborough, MA), 25 mm
JenaValve (JenaValve Technology GmbH, Munich,
Germany), 25 mm Portico (Abbott Vascular, Santa
Clara, CA), 23 mm Sapien 3 (Edwards Lifesciences
Inc., Irvine, CA), 27 mm ALLEGRA and M ACU-
RATE neo (Boston Scientific Corporation, Natick,
MA). Redo TAVI configurations are presented in
Fig. 1.

The ALLEGRA THV is a self-expanding valve with
a tri-leaflet design made of bovine pericardial attached
to a nitinol stent frame, available in three sizes (23, 27
and 31 mm) and with a supra-annular leaflet design.17

The 27 mm ALLEGRA THV inflow and outflow
diameters are 27.4 mm and 24.0 mm, respectively, the
maximal diameter is 28 mm at the top of the leaflets
and the frame height is 41.3 mm according to manu-
facturers (Fig. 2).17 The skirt height for the 27 mm
ALLEGRA THV is 15 mm.

The design and characteristics of the Evolut Pro,
Lotus, JenaValve, Portico, Sapien 3 and ACURATE
neo THVs have already been described.4,8,13–16 The

smallest width of the frame diameter for the 26 mm
Evolut Pro, 25 mm Lotus, 25 mm Jena-valve, 25 mm
Portico, 23 mm Sapien 3 and M ACURATE neo
THVs is 22 mm, 25 mm, 25 mm, 25 mm, 23 mm and
25 mm, respectively.4,8,13–16 In our study, the measured
skirt height by caliper for the 26 mm Evolut Pro,
25 mm Lotus, 25 mm Jena-valve, 25 mm Portico,
23 mm Sapien 3 and M ACURATE neo THVs is
11.3 mm, 11.7 mm, 9.5 mm, 5.7 mm, 12.2 mm and
16 mm respectively.

Redo TAVI Samples

Three implantation depths (�4 mm, 0 mm and +4
mm relative to the initial THV) were tested using a 27
mm ALLEGRA THV for Redo TAVI interventions in
the 7 different ‘failed’ THV. Implantation depth was
measured from the lower border of the failed THV
stent frame to the lower border of the 27 mm ALLE-
GRA THV (Fig. 2). Fluoroscopy and macroscopic
caliper measurements were used to measure the
implantation depth. Measurements of the neo-skirt,
e.g. the length of THV skirt plus the length of the
leaflets jailed between the two stent frames, were also
assessed.

Imaging

Multimodality imaging including fluoroscopy and
high-resolution photography was performed with each
THV at each implantation depth. The latter was per-
formed at a pre-specified magnification and fixed
camera height. Fluoroscopic images were acquired at a
standard adult cardiac catheterization laboratory
(General Electric Healthcare, Chicago, IL, USA).
High-speed video from hydrodynamic testing were also
performed.11 All images and videos were recorded in a
dedicated software (Carestream Health DRX-Evolu-
tion).

Hydrodynamic Assessment

A pulse duplicator with pressure transducers on the
ventricular and aortic side (ViVitro Labs Inc., Victoria,
Canada) (Fig. 2), was used to perform all the hydro-
dynamic testing according to International Standards
Organization (ISO) 5840-3:2021 guidelines on in vitro
pulsatile flow testing for heart valve substitutes im-
planted by transcatheter techniques.1

As previously described, the THVs were placed in a
holder fabricated from silicone with a durometer of
scale Shore A hardness of 25. Selection of sample
holder hardness was made according to data on
acceptable tissue compliance matched with data on the
silicone material hardness scale.1 A 0.9±0.2% sodium
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chloride test solution maintained at 37±2 �C. THVs
were tested on the aortic side of the pulse duplicator
with a Mitroflow 29 on the mitral side of the pulse
duplicator. Results taken from 10 consecutive cycles
were averaged. High-speed video was captured at each
step condition. Pulsatile forward flow performance was

tested at a nominal beat rate of 70±1 beats per minute,
systolic duration of 35 ± 5%, mean aortic pressure of
80 to 120 ± 2 mmHg, and simulated cardiac output of
5 ± 0.1 liters per minute. All measurements were
assessed after 15 min. The pressures were measured
continuously throughout the entire cardiac cycle.

FIGURE 1. Redo TAVI multimodality imaging, hydrodynamic performances, and neo-skirt measurements for all redo TAVI
configurations with the 27 mm ALLEGRA THV. Redo TAVI multimodality imaging, hydrodynamic performances, and neo-skirt
measurements for all redo TAVI configurations with the 27 mm ALLEGRA THV in the 26 mm Evolut Pro, 25 mm Lotus, 25 mm Jena-
valve, 25 mm Portico, 23 mm Sapien 3 and M ACURATE neo THVs at 24, 0 and +4 mm implantation depths. Mean PG denotes mean
gradient (mmHg), EOA denotes effective orifice area (cm2) and RF denotes regurgitant fraction (%).

FIGURE 2. 27 mm ALLEGRA dimensions, implantation depth measurement and material testing machine. (a) 27 mm ALLEGRA
dimensions: inflow and outflow diameters are 27.4 mm and 24.0 mm, respectively and frame height is 41.3 mm; (b) Implantation
depth of the 27 mm ALLEGRA THV measured lower border of the ‘‘failed’’ Lotus THV stent frame to the lower border of the 27 mm
ALLEGRA THV (24 mm, 0 mm and +4 mm) on fluoroscopy; (c) Pulse duplicator used for hydrodynamic testing; (d) Zwicki-line 500N
materials testing machine used for pull-out testing; (e) neo-skirt measurement from the from the inflow of the ‘‘failed’’ Evolut Pro
THV to the top of the ‘‘failed’’ Evolut Pro THV leaflets jailed by the ALLEGRA THV.
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Mean gradient (mmHg), regurgitant fraction (RF) (%)
and effective orifice area (cm2) were assessed. Regur-
gitant fraction was measured via the flow meter inte-
grated into the ViVitro Pulse duplicator and effective
orifice area was measured based on flow and pressure
data.

The RF, mean gradient and effective orifice area
(EOA) for a 27 mm THV required for a minimum
performance are <20%, <20 mmHg and <2 cm2

according to the ISO standards, respectively. The
effective orifice area (EOA) was defined according to a
simplified version of the Bernoulli equation, as previ-
ously described.1

Pinwheeling

According to ISO guidelines for THV testing, pin-
wheeling is defined as twisting of the leaflet free edges
resulting from excessive leaflet redundancy.1 High-
speed videos with backward pressure were used to as-
sess the degree of pinwheeling. The degree of pin-
wheeling was assessed based on visual estimation, in
diastole.

Pull-Out Force

The samples implanted at the implantation height
with the best hydrodynamic performance for each of
the ‘failed’ THV underwent additional testing includ-
ing pull-out force assessment. Briefly, pull-out force
testing was done using a Zwicki-line 500N materials
testing machine with extraction of the ALLEGRA
THV from the ‘failed’ THVs (Fig. 2). For the tests, a
specially designed device was used to pull ALLEGRA
vertically out of the failed THV. The pull-out was
performed at a slow and steady speed. Pull-out force
was assessed to establish stability of the anchorage of
the ALLEGRA THV in failed THVs.

Neo-skirt

The neo-skirt was measured from the inflow of the
‘‘failed’’ THV to the top of the ‘‘failed’’ THV leaflets
jailed by the ALLEGRA THV in redo TAVI (Fig. 2).

Ethical and Statistics

This study was a purely bench study with no human
or animal participants, and ethics approval was not
required. Hydrodynamic variables are reported as
mean ±SD. Statistical analyses were performed with
SPSS version 24 (IBM Corp, Armonk, NY, USA).

RESULTS

Hydrodynamic Function

Hydrodynamic measurements were feasible in all
failed THVs at �4 mm, 0 mm, and +4 mm implant
depth except for the ALLEGRA 27 mm in the Evolut
Pro THV at �4 mm implantation depth. In this posi-
tion, the ALLEGRA frame at its outflow (normally
28 mm at the top of the leaflets) was severely con-
strained by the Evolut Pro waist (normally 22 mm). As
a result of the constrained frame, the ALLEGRA
leaflets were unable to fully close, and did not allow for
hydrodynamic testing in this configuration (Fig. 3,
Video 1).

Transvalvular Gradient

The transvalvular gradient was < 20 mmHg in the
7 ‘‘failed’’ THVs with the 27 mm ALLEGRA THV at
all feasible implant depths. Mean transvalvular gradi-
ent according to failed THV type and implantation
depth are presented in Table 1 and Figs. 1, 4. A higher
implantation (+4 mm) was associated with a slightly
lower mean gradient for the Evolut Pro (10.6 ± 0.08
mmHg), Lotus (8.4 ± 0.08 mmHg), Portico (8.9 ± 0.3
mmHg), ALLEGRA (8.5 ± 0.09 mmHg) and the
ACURATE Neo (9.1 ± 0.8 mmHg). The mean gra-
dient was <20 mmHg and similar at all implantation
depths for the Sapien 3 THV. A lower mean gradient
was obtained at an implantation depth of 0 mm with
the JenaValve THV (7.6 ± 0.4 mmHg).

Effective Orifice Area

EOA according to failed THV type and implanta-
tion depth are reported in Table 2 and Fig. 1. The EOA
was acceptable and >2 cm2 in all failed THV with the
ALLEGRA THV according to ISO guidelines. Higher
implantation depth was associated with lower EOAs
for the JenaValve THV with EOAs of 2.4 ± 0.05, 2.5 ±
0.07 and 2.1 ± 0.009 at �4 mm, 0 mm and +4 mm
respectively.

Low implantation depth was associated with lower
EOA for the ALLEGRA in ALLEGRA THV with
EOAs of 2.1 ± 0.01, 2.3 ± 0.04 and 2.3 ± 0.01 at
�4 mm, 0 mm and +4 mm, respectively, and for the
ALLEGRA in Lotus with EOAs of 2.1 ± 0.02, 2.3 ±

0.02 and 2.4 ± 0.02 at �4 mm, 0 mm and +4 mm
respectively. For the Sapien 3, Portico and the ACU-
RATE neo THV, EOAs were similar regardless the
implantation depth. The EOAs were lower for the
Evolut with EOAs of 2.0 ± 0.02 and 2.1 ± 0.007 at
0 mm and +4 mm, respectively.
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Regurgitant Fraction

RF for the failed THV at different implantation
depths are reported in Table 3 and Fig. 1. The RF was
acceptable (< 20%) at all implantation depth for all
THVs. A higher RF was found with the ACURATE
Neo THV (16.5 ± 0.3, 16.3 ± 0.07 and 15.8 ± 0.08 at
�4 mm, 0 mm and +4 mm, respectively) and for the
Portico THV (13.9 ± 0.6, 17.2 ± 0.1 and 11.9 ± 0.3 at
�4 mm, 0 mm and +4 mm, respectively) regardless of
implantation depth. Implantation depth had an impact
on the RF for the ALLEGRA and the Evolut THVs
with higher RF at 0 mm (11.9 ± 0.5) and +4 mm
(10.7 ± 0.8) implantation depth, respectively. The
failed THVs were not sealed into the silicon rings, so
that RF was a combination of both paravalvular and
intravalvular regurgitation for both THVs in the setup.

Pinwheeling

The degree of ALLEGRA leaflet pinwheeling in
different failed THV is shown in Fig. 5. Pinwheeling

was more pronounced in the Evolut Pro THV at all
implantation depths and the ALLEGRA leaflets were
unable to close totally at �4 mm implantation depth.
The degree of pinwheeling was lower for high
implantation depth and similar for the Lotus, Jena-
Valve, Portico, Sapien 3 and ACURATE neo THVs. A
lower implantation depth was associated with worse
but minimal pinwheeling in all THVs configuration.

Pull-Out Force

Pull-out force assessment showed stability of the
ALLEGRA THV in all ‘‘failed’’ THVs.

The highest pull-out force (8.2 and 8.5 N) was
measured with the ACURATE Neo and the Evolut
Pro THVs, respectively, resulting in a worse pin-
wheeling. The lowest pull-out force (1.8 N) was
obtained with the ALLEGRA THV regarding a larger
minimal inner THV diameter.

TABLE 1. Mean transvalvular gradient in mmHg by THV device and implant depth for Redo TAVI with the 27 mm ALLEGRA THV
(n 5 30).

Implantation depth�4 mm Implantation depth0 mm Implantation depth+4 mm

26 mm Evolut Pro NA 12.4 ± 0.2 10.6 ± 0.08

25 mm Lotus 10.9 ± 0.1 8.9 ± 0.1 8.4 ± 0.08

25 mm JenaValve 8.1 ± 0.3 7.6 ± 0.4 10.8 ± 0.04

25 mm Portico 9.1 ± 0.2 9.5 ± 0.3 8.9 ± 0.3

23 mm Sapien 3 8.5 ± 0.2 8.7 ± 0.6 8.8 ± 0.1

27 mm ALLEGRA 9.6 ± 0.1 9.4 ± 0.1 8.5 ± 0.09

M ACURATE neo 10.0 ± 0.1 10.1 ± 0.1 9.1 ± 0.8

FIGURE 3. The 27 mm ALLEGRA in ‘‘failed’’ 26 mm Evolut Pro THV at 24 mm implantation depth (a) Constrained ALLEGRA THV
frame (28 mm at the leaflets top, red line) by the waist of the Evolut Pro THV (22 mm, black arrow); high-speed video image
showing ALLEGRA leaflets redundancy and pinwheeling (b, c), unable to close completely (diastole phase, red circle) (d), and
opening during systole (e).

BIOMEDICAL
ENGINEERING 
SOCIETY

AKODAD et al.934



TABLE 2. EOA in cm2 by THV device and implant depth for Redo TAVI with the 27 mm ALLEGRA (n 5 30).

Implantation depth�4 mm Implantation depth0 mm Implantation depth+4 mm

26 mm Evolut Pro NA 2.0 ± 0.02 2.1 ± 0.01

25 mm Lotus 2.1 ± 0.02 2.3 ± 0.02 2.4 ± 0.02

25 mm JenaValve 2.4 ± 0.05 2.5 ± 0.07 2.1 ± 0.01

25 mm Portico 2.5 ± 0.03 2.5 ± 0.04 2.4 ± 0.04

23 mm Sapien 3 2.4 ± 0.02 2.4 ± 0.09 2.4 ± 0.03

27 mm ALLEGRA 2.1 ± 0.01 2.3 ± 0.04 2.3 ± 0.01

M ACURATE neo 2.4 ± 0.02 2.4 ± 0.01 2.4 ± 0.08

TABLE 3. Regurgitant fraction in % by THV device and implant depth for Redo TAVI with the 27 mm ALLEGRA (n=30).

Implantation depth�4 mm Implantation depth0 mm Implantation depth+4 mm

26 mm Evolut Pro NA 10.7 ± 0.8 3.9 ± 0.5

25 mm Lotus 10.9 ± 0.1 8.9 ± 0.1 8.4 ± 0.08

25 mm JenaValve 5.6 ± 0.2 4.7 ± 0.1 9.0 ± 0.3

25 mm Portico 13.9 ± 0.6 17.2 ± 0.1 11.9 ± 0.3

23 mm Sapien 3 8.5 ± 0.9 7.8 ± 0.9 7.7 ± 0.2

27 mm ALLEGRA 2.8 ± 0.3 11.9± 0.5 5.5 ± 0.3

M ACURATE neo 16.5 ± 0.3 16.3 ± 0.07 15.8 ± 0.08

FIGURE 4. High-quality photography, fluoroscopy images and mean transvalvular gradient according to failed THV type and
implantation depth. (a) 27 mm ALLEGRA in 26 mm Evolut Pro; (b) 27 mm ALLEGRA in 25 mm Lotus; (c) 27 mm ALLEGRA in 25 mm
JenaValve; (d) 27 mm ALLEGRA in 25 mm Portico; (e) 27 mm ALLEGRA in 27 mm ALLEGRA; (f): 27 mm ALLEGRA in M ACURATE
Neo.
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Neo-skirt

The neo-skirt was higher for the tall frame THVs
including the ACURATE Neo, the ALLEGRA, the
Evolut Pro and the Portico THVs (32 mm, 29 mm,
25 mm and 20 mm respectively), Fig. 1. Compared to
baseline THV skirt, the neo-skirt height increase was
greater for the ACURATE Neo (+16 mm), the AL-
LEGRA (+14 mm), the Portico (+14.3 mm) and the
Evolut Pro (+13.7 mm) THVs. The increase in the
neo-skirt was minimal for the short frame THVs
including the JenaValve (+7 mm), the Lotus
(+2 mm) and the Sapien 3 (+2 mm) THVs.

DISCUSSION

This study assessed the ALLEGRA THV in differ-
ent ‘‘failed’’ THVs providing insights on performance,
stability and impact of implantation depth in redo
TAVI with the ALLEGRA THV.

Clinical experience utilizing the ALLEGRA THV in
redo TAVI is limited, and bench testing can provide
important insights. A recent multicentre registry has
shown safety and feasibility of redo TAVI in patients
with THV dysfunction.5 However, the ALLEGRA
THV was not utilized in this multicentre study and the
optimal THVs combination in redo TAVI as well as
the optimal implantation depth remain unknown to
date. In our study, redo TAVI with the ALLEGRA
THVs showed favorable hydrodynamic performances
regarding the mean gradient, EOAs and RF for all
tested THVs except the Evolut Pro THV at low
implantation depth. Additionally, implantation depth
did not have a significant impact on performance with

acceptable hydrodynamic function even with low
implantation depths. Bench studies including different
THVs platforms have previously shown that a higher
implantation depth was desirable to obtain favorable
hydrodynamic performances for TAVI in failed sur-
gical valves.12 In contrast a bench study assessing
implantation depth of the ALLEGRA THV showed
favorable performance at all implantation depths in
surgical valve prosthesis,11 similarly to our findings.
This may be related to the supra-annular position of
the ALLEGRA THV leaflets or its unique barrel-like
frame design resulting in minimal interaction between
the frame of the Allegra and the previously implanted
THV. This highlights the need to assess each novel
THV design on its own merits. Valves may perform
differently despite having a similar mode of deploy-
ment or leaflet position to established THV platforms.

In the present study, the only non-functional con-
figuration was the ALLEGRA in the Evolut Pro THV
at low implantation depth (�4 mm). In this configu-
ration, the ALLEGRA THV frame was constrained by
the Evolut Pro, and the ALLEGRA leaflets were un-
able to close completely, preventing adequate hydro-
dynamic assessment. As the waist of the 26 mm Evolut
Pro is 22 mm, this limited frame expansion of the
ALLEGRA at low implantation depth, which nor-
mally expands to 28 mm diameter at the leaflet level.
Redo TAVI using ALLEGRA at low implantation
depth in an Evolut Pro is an undesirable configuration,
which compromises leaflet function.

Similarly, leaflet pinwheeling was acceptable for all
THVs combination, except for the Evolut Pro THV.
However, pinwheeling was slightly worse in low
implantation depth (�4 mm) in all configurations. For
the redo TAVI configuration including the Evolut Pro

FIGURE 5. Pinwheeling by THV device and implantation depth for redo TAVI with the 27 mm ALLEGRA THV.
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THV, the pinwheeling was severe at all implantation
depths and worse at low implantation depth. Pin-
wheeling may increase mechanical leaflet stress and
increase the risk of THV thrombosis and degenera-
tion.7,12

A higher neo-skirt was observed following redo
TAVI with the Allegra THV in tall frame valves with a
supra-annular leaflet position. This is consistent with a
recent study showing a higher neo-skirt assessed on
computed tomography scan in redo TAVI in tall frame
THVs.3 A higher neo-skirt may increase the risk of
coronary obstruction or compromise future coronary
access. Indeed, in the study of De Backer et al. eval-
uating the feasibility of coronary access after redo
TAVI, the authors highlighted that a coronary ostium
below the neo-skirt was associated with a potentially
higher risk of impaired coronary access.3

Taking all this into consideration, both the second
THV as well as the first THV selection when per-
forming the initial TAVI procedure must be consid-
ered. Indeed, our study shows that the impact of the
choice of the first THV on the performance of the THV
used in the redo TAVI procedure can be significant.
Other factors such as implantation depth had less of an
effect on the results as the choice of the type of first
THV, in the case of redo TAVI using the ALLEGRA
THV.

LIMITATIONS

Bench testing may not reflect physiological condi-
tions in clinical practice. THV anchoring and interac-
tion with the ‘‘failed’’ THV may be different using
normal THVs for bench- testing compared to degen-
erated and calcified failed THVs in clinical practice.
Indeed, explanted THVs are challenging to obtain and
failed THVs are very difficult to properly replicate.
Given limited THV availability for bench studies, only
one THVs range size was utilized in this study, not
allowing testing of different THVs size combinations.
Moreover, the same THV was used for different
implantation depth for each THVs combination.
However, given the limited assessed implantation
depths (3), these serial deployments are unlikely to
damage THV function. Finally, in a degenerated
in vivo failed valve which is calcified, the paravalvular
leak may vary compared to our findings.

CONCLUSION

The ALLEGRA THV had favorable hydrodynamic
performance, stability and pinwheeling in all redo
TAVI samples except the Evolut Pro THV at low

implantation depth. Low implantation of the ALLE-
GRA in a tall frame Evolut Pro THV is associated
with constrained ALLEGRA expansion and compro-
mised function.
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