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A state-of-the-art on TAVI in biscuspid aortic
stenosis; an expert consensus on
transcatheter tricuspid valve interventions in
patients with transvalvular right ventricular
leads; the ACURATE platform
discontinuation; coronary cannulation after
transfemoral TAVI with the Evolut FX; HALT
after TAVI with the SAPIEN Ultra RESILIA;
impact of aortic annular size on long-term
outcomes and valve durability; the TRICURE
first-in-human study; 5-year follow-up of
EVOQUE TTVR; and more

Davide Capodanno, Editor-in-Chief

nd here we are again in November, opening a new issue full of articles on interventions
A for valvular heart disease, coinciding with another sparkling edition of PCR London
Valves. This issue is special for us, and the fact that it is one of only four printed issues
is the clearest proof. Perhaps we are a bit romantic — and in the digital era our kind is probably
becoming extinct — but seeing conference attendees holding the printed copy, as a gift, is a real

satisfaction.

| remember that, years ago, assembling this special issue was more complex. Given the
nature of the conference, one would expect it to be full of articles on transcatheter aortic valve
implantation (TAVI), mitral transcatheter edge-to-edge repair, and similar topics — and indeed,
it always has been. However, filling an entire issue was not simple, especially in 2020, when
most submissions were predominantly coronary-focused. At that time, we had to be resourceful,
inviting renowned authors to contribute editorials, viewpoints, and reviews.
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Now, the challenge is the opposite: we are fortunate to receive an abundance of high-quality
submissions — likely reflecting the Journal’s growth and rising impact factor. The task is no
longer simply filling the issue, but selecting the most relevant articles, arranging them to
ensure a coherent flow, and refining the production process to maximise both clarity and visual
impact. Our aim is to attract trials, multicentre studies, and leading authors, always striving for
excellence, even when the standard is already high.
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In keeping with this commitment, and to celebrate the Journal’'s 20" anniversary, we are
establishing a new tradition. For the first time, a prominent member of our cardiology community
will receive the “Alain Cribier Eurolntervention” award. With the family Cribier's endorsement,
the award will be presented in a plenary session by Héléne Eltchaninoff, honouring the academic
and clinical contributions of a man whose invention, talent, and charisma have reshaped the
management of valvular heart disease.

It is in this spirit of excellence and innovation that we present the current issue. Here, you
will find a carefully curated selection of articles on TAVI and other interventions, each chosen
to provide a comprehensive overview of the latest evidence, clinical insights, and emerging
techniques. We hope this issue both informs and inspires, reflecting the dynamic progress in
valvular heart disease management.

Let’s turn to the articles:

We begin this issue with a state-of-the-art review on the transcatheter treatment of bicuspid
aortic valve (BAV) stenosis from Didier Tchétché, Ole De Backer and colleagues. TAVI has
expanded to include selected patients with BAV anatomies, but challenges, both technical
and procedural, remain. The authors review the classifications of BAV disease and the current
procedural techniques; they discuss what research has been done to date and what knowledge
gaps remain to be filled.

In an expert consensus commissioned by the European Heart Rhythm Association and the
European Association of Percutaneous Cardiovascular Interventions of the European Society of
Cardiology, Jean-Claude Deharo, Zachary Whinnett and colleagues focus on the management
of patients with transvalvular right ventricular leads undergoing transcatheter tricuspid valve
interventions. Nearly one-third of patients referred for transcatheter tricuspid valve interventions
have a pacemaker or implantable cardioverter-defibrillator lead, making communication between
interventional cardiologists and electrophysiologists essential. This document relays the current
scientific evidence available and is intended as a resource for Heart Teams in their decision-
making and patient management.

The timing and impact of the ACURATE neo2/Prime transcatheter heart valve's (THV)
discontinuation merit a nuanced discussion, according to Won-Keun Kim and Helge Madllmann.
In this viewpoint, the authors discuss whether the platform’s discontinuation really is the
scientific reckoning that some claim, or whether other elements, such as registry design, device
sizing and use, led to an underestimation of the device’s potential.

To begin our original reseach section, Kenichi Ishizu, Kentaro Hayashida and colleagues
examine the 30-day clinical incidence, predictors, and impact of hypoattenuated leaflet
thickening (HALT) after TAVI with the latest-generation SAPIEN 3 Ultra RESILIA. The overall
rates of HALT were found to be comparable with the previous-generation devices and the
device’s revised commissural leaflet suspension method that is specific to the smaller-sized
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valves was not found to be associated with an increased risk of HALT. However, the prosthesis
deformation index and asymmetric leaflet expansion were independently associated with an
increased risk of HALT, regardless of THV size. Jonathon A. Leipsic and John K. Khoo comment
in an accompanying editorial.

Our next original research articles asks whether a patient’s baseline aortic annulus size is a
predictor of long-term outcomes after TAVI with a balloon-expandable THV. Masanori Yamamoto,
Kentaro Hayashida and colleagues tackle this question by dividing a large cohort of patients
who underwent TAVI up to 7 years earlier by annular size in order to evaluate primary endpoints
of all-cause mortality and stages of bioprosthetic valve failure. As annular size was not found
to be associated with a long-term prognosis or valve durability, the authors suggest that other
indicators need to be explored.
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Then, we turn to whether optimal commissural and coronary alignment can be achieved using
a tall-frame, supra-annular THV. Yohei Ohno, Guilherme F. Attizzani and colleagues evaluate
the feasibility and timing of coronary cannulation post-TAVI with the new-generation Evolut
FX device. The CANNULATE TAVR EXPANDED study had a 100% success rate in coronary
cannulation of the left coronary artery and a 96.7% success rate for the right coronary artery.
Misalignment was identified as a strong predictor for suboptimal coronary cannulation of both
the left and right coronary arteries. In an accompanying editorial, Ignacio J. Amat-Santos and
Filippo Pensotti discuss how these findings can help direct future research.

In this issue’s final original research paper, Emmanuel Teiger, Julien Dreyfus and colleagues
present the first-in-human TRICURE study which evaluated the safety and efficacy of the
novel Topaz transcatheter tricuspid valve replacement system for the treatment of tricuspid
regurgitation (TR). This dual-stent device, specifically designed for the tricuspid valve anatomy,
was tested in 20 patients with outcomes including short procedure times, low complication
rates, and substantial and sustained reduction of TR at 30 days. The authors include a case
study of one patient at 6 months as well as a discussion about operator learning curves and
screening criteria, in the hopes of paving the path for future studies.

And now, to the articles themselves.
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leaflet thickening (HALT) has been the subject of

ongoing research. The incidence of HALT has been
reported among all commonly used transcatheter heart
valves (THVs) and various surgical bioprosthetic valves,
based on data from nested registries of randomised trials as
well as prospective and retrospective registries®. Its clinical
significance is still under investigation. While the relationship
of HALT with stroke and mortality is an area of question®*,
there is growing evidence that HALT is associated with higher
valve gradients and earlier valve degeneration®¢. Potential
mechanisms of HALT development have been proposed,
ranging from reduction of neosinus flow, asymmetric valve
expansion, and biological mechanisms such as endothelial
dysfunction®. Recognising this, it is generally accepted that
valve design plays a potential role, and it is crucial not to
assume that the incidence and mechanisms are the same
across valve platforms®.

Despite advancements
outstanding questions.

In this issue of Eurolntervention, Ishizu et al” look to
provide answers. The authors took a subset of the OCEAN-
TAVI registry to investigate the incidence, predictors, and
clinical impact of HALT following transcatheter aortic
valve implantation (TAVI) with the latest generation of the
short frame, intra-annular and balloon-expandable SAPIEN
3 valve, the SAPIEN 3 Ultra RESILIA (S3UR; Edwards
Lifesciences). This study is particularly important given
the unique design of the S3UR valve with anticalcification
treatment of the leaflets and modification of the commissural
leaflet suspension method for the smaller-sized valves.

f ;ince its initial description in 2015!, hypoattenuating

in knowledge, there remain

Article, see page 1338

© Europa Group 2025. All rights reserved.

The authors are commended for their thorough analysis.
In addition to assessing HALT according to Valve Academic
Research Consortium (VARC)-3 criteria®, the study’s
independent core laboratory used four-dimensional cardiac
computed tomography (CT) data acquired at 30 days
to analyse THV geometry. This encompassed a host of
thoughtfully defined variables including oversizing, expansion,
canting, alignment, eccentricity, deformation index, and
leaflet expansion. The analysis yielded noteworthy results.

The incidence of HALT in this study population was
21.3%, which is similar to prior reports for SAPIEN 3
valves’. Unique, though, to this analysis is the exploration of
the relationship between HALT and the revised commissural
leaflet suspension dedicated to the 20 mm and 23 mm THVs.
Notably, these modifications were not associated with a signal
for HALT, with a comparable incidence between THV sizes
<23 mm and >26 mm (22.1% vs 20.2%).

Haemodynamic alterations were also assessed. The presence
or absence of HALT did not show a significant association
with increased gradients, consistent with findings from prior
studies’. This relationship changed when assessing HALT
according to severity. HALT when stratified by a 25% cutoff,
by a 50% cutoff, and by involvement of more than one
leaflet was significantly associated with higher post-implant
gradients. HALT should therefore be considered along
a spectrum of severity, rather than as a binary diagnosis.

The authors highlight that cross-sectional measures of
valve deformation index and asymmetrical leaflet expansion
were the two geometric variables independently associated
with a higher incidence of HALT. A high deformation index
indicates underexpansion and corresponds to the hourglass-
shaped stent frame, while leaflet asymmetricity represents
both underexpansion and uneven expansion’. Previous

The opinions expressed in this article are not necessarily those of the Editors of Eurolntervention.
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studies also identified these variables as independent
predictors of HALT in both balloon-expandable and self-
expanding valves’.

While providing valuable analyses, this study, like all
such reports, leaves lingering questions. To start, the
authors simply present 30-day data. Evaluating data out
to one year and beyond would be valuable, and we hope
the authors will pursue longer-term outcomes, including
haemodynamic changes, survival, and treatment response.
Also, although RESILIA leaflets did not prevent short-term
HALT, this anticalcification technology may still be relevant
to durability. Longer-term echocardiographic and CT data
will demonstrate whether the S3UR reduces the incidence of
valve degeneration. It would be good to explore this going
forward, and it is helpful to provide evidence that supports
and directs technological advancements.

Interestingly the authors opine that in patients with adverse
root features and challenging sizing which would behove
post-balloon dilatation, a supra-annular self-expanding valve
might make more sense. The authors propose that underfilling
would be associated with deformation and underexpansion
and, in turn, HALT and therefore inform the recommendation
for a different valve platform. While this is an intriguing idea,
several variables must be considered, and further study is
needed before making a confident recommendation.

In closing, we thank the authors for their thoughtful,
involved, and important analysis. It represents the first
investigation of HALT related to the RESILIA technology and
the commissural modification in smaller S3UR valves. The
findings overall align with prior such analyses of different
valve platforms. While incremental and needed, we would
advocate that the authors build on this work and continue
this journey by undertaking intermediate and long-term
analysis. This will inform the durability of the S3UR valve
but also address unresolved issues regarding the relationship
of HALT with long-term outcomes and valve degeneration.
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e are performing transcatheter aortic valve

; R / implantation (TAVI) procedures better than ever.

Technical advancements and operator expertise
have led to improved outcomes, and this, combined with
growing evidence supporting TAVI durability, has accelerated
its adoption in younger patients with longer life expectancy.
But this progress comes with a caveat: longer post-TAVI
survival means an increasing need for coronary angiography,
percutaneous intervention (PCI), and
reintervention, all of which depend on reliable coronary
cannulation (CC).

In 2020, Barbanti et al?> reported that selective coronary
re-engagement was unsuccessful in 7.7% of patients after
TAVI with the Evolut R/PRO valve (Medtronic), identifying
implant depth and transcatheter heart (THV)
oversizing relative to the sinus of Valsalva as predictors of
failure. At that time, commissural and coronary alignment
were rarely a concern during implantation. Subsequent
studies recognised that misalignment might be a key driver
of difficult CC, sparking device iterations and procedural
refinements aimed at alignment - and,
consequently, coronary access.

In this issue of Eurolntervention, the study by Ohno
et al®> confirms that these efforts are bearing fruit.
Their multicentre prospective study demonstrates that
commissural alignment, defined according to ALIGN-TAVR
Consortium standards?, was achieved in 86.4% of patients
treated with the Evolut FX valve (Medtronic), while CC
was successful in 100% of left coronary artery (LCA) cases

valve

coronary

valve

improving

© Europa Group 2025. All rights reserved.

and 96.7% of right coronary artery (RCA) cases. These
are clear improvements over prior reports, including the
contemporary CAvEAT Registry, where moderate or severe
commissural misalignment was still seen in nearly one-third
of cases’.

Article, see page 1364

Ohno and colleagues deserve credit for their rigorous
methodology, including systematic post-TAVI computed
tomography and intraprocedural CC in all patients, and for
using uniform definitions from ALIGN-TAVR®. Their results
reflect a meaningful advancement in both technology and
procedural practice. But despite these gains, several issues
remain (Figure 1).

First, while commissural alignment rates were high,
coronary misalignment (moderate or severe) was still present
in approximately 20% of patients. No strategies to improve
coronary alignment per se are currently implemented in
routine practice. Given that coronary alignment, rather than
commissural alignment alone, is the most predictive factor for
CC feasibility and efficiency, this remains a key unmet need.

Second, the focus of this and similar studies has been on CC
after an index TAVI procedure, but redo-TAVI (transcatheter
aortic valve [TAV]-in-TAV) will inevitably become more
common as this younger TAVI population ages. In patients at
risk for coronary obstruction during reintervention, coronary
misalignment can preclude the use of leaflet modification
techniques such as Bioprosthetic or native Aortic Scallop
Intentional Laceration to prevent latrogenic Coronary Artery

The opinions expressed in this article are not necessarily those of the Editors of Eurolntervention.
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High proportion of ® 20% coronary misalignment
coronary cannulation: No strategies under investigation?
100% LCA o Risk of coronary obstruction if
96.7% RCA TAV-in-SAV is needed

No benefit from BASILICA?

o Actual rate of successful PCI
post-TAVI with commissural
alignment is unknown

Figure 1. Summary of the main findings and concerns
regarding commissural and coronary alignment following
TAVI with the Evolut transcatheter heart valve.
BASILICA: Bioprosthetic or native Aortic Scallop
Intentional Laceration to prevent latrogenic Coronary
Artery obstruction; PCI: percutaneous coronary
intervention; RCA: right coronary artery; SAV: surgical
aortic valve; TAV: transcatheter aortic valve;

TAVI: transcatheter aortic valve implantation

obstruction (BASILICA)®’. New dedicated leaflet laceration
devices may help in patients with eccentric coronary ostia,
but they are not yet commercially available.

Third, while successful CC is essential, it does not
guarantee that PCI itself can be safely and effectively
performed. Procedural support and equipment manipulation
may be hampered even after successful ostial engagement.
In a prior analysis by Won-Keun et al, nearly half of acute
coronary syndromes post-TAVI remained untreated despite
a high rate of CC8. Data on PCI success rates in patients with
commissural alignment strategies are still lacking, but they
will surely become a topic of intense investigation.

In sum, this study demonstrates that the combination of
new-generation THV design and contemporary procedural
practice has led to impressive CC success rates: 100% for the
LCA and 96.7% for the RCA. This was achieved even before
the introduction of the Evolut FX+ platform (Medtronic),
which promises further facilitation of coronary access by
incorporating enlarged frame cells. Yet, moderate-to-severe
coronary misalignment frequent, highlighting
a critical limitation of our current approach.

As TAVI expands further into younger populations,
ensuring lifetime coronary access becomes an essential
procedural goal. The field now requires a next step: dedicated
procedural strategies or device designs specifically aimed
at optimising coronary alignment, not just commissural
alignment. Moreover, research should extend beyond CC
feasibility to examine PCI success rates and procedural safety
in these patients, including in the context of future TAV-in-
TAV procedures.

While the achievements documented by Ohno et al represent
substantial progress, they also expose the need for additional
innovation. Our pursuit of perfection in TAVI alignment is
not yet complete.

remains

TAV alignment: progress and remaining gaps
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(Boston  Scientific) received European Conformity

(CE) mark approval in 2011 and has since progressed
to its third-generation iteration, from “neo” to “neol”
to “Prime” (Figure 1). Despite its successful use for over
a decade, on 28 May 2025, Boston Scientific announced the
discontinuation of the ACURATE platform. This decision
is considered a consequential response to disappointing
results in the randomised IDE trial with ACURATE #neo2
(ClinicalTrials.gov: NCT03735667), which was preceded
several years ago by negative outcomes in the SCOPE I
(NCT03011346) and SCOPE II (NCT03192813) trials with
the first-generation ACURATE neo valve (Figure 1). Hence,
critical voices may perceive this withdrawal as scientific
reckoning, but this warrants a nuanced interpretation. The
SCOPE trials lacked computed tomography core laboratory
adjudication and centralised screening and included sites with
limited experience using this platform. The outcomes in the
IDE trial were largely driven by underexpansion —a procedural
issue that was found to be preventable and correctable when
adhering to the manufacturer’s procedural recommendations,
rather than being a device-inherent flaw!. Even though only
hypothesis-generating, these insights have since contributed
to the field’s perception of valve underexpansion that can
occur with all transcatheter aortic valve implantation (TAVI)
platforms and will help to reinforce procedural best practices.
It is worth mentioning that in the IDE trial, only a mean of 3
ACURATE implantations were performed per centre and year,
with approximately 75% of operators performing fewer than
five cases over the study period of four years. The main issue
in the IDE trial, however, may have been that the balloon

The self-expanding ACURATE transcatheter heart valve

© Europa Group 2025. All rights reserved.

sizes for pre- and post-dilatation frequently were smaller than
recommended by the screening committee.

In contrast to trial data, several large-scale European
observational registries demonstrated non-inferior outcomes
in experienced hands, suggesting that ACURATE’ clinical
potential may have been underestimated in the trials*® — even
though the inherently lower evidence level of observational
studies should be taken into consideration. The platform
offered several particularly advantageous features: intuitive
deployment, haemodynamic stability during the deployment,
reliable commissural alignment, preserved coronary access,
minimal coronary obstruction risk, and low pacemaker rates.
Furthermore, outcomes in the treatment of patients with pure
aortic regurgitation, failed surgical valves, and redo-TAVI were
promising*. These characteristics have become increasingly
relevant in complex anatomical settings and for lifetime
management considerations. As a matter of fact, the initial
enthusiasm among competitors regarding increased market
share may be tempered by the realisation that ACURATE
had often been used in challenging anatomies — such as
small annuli, horizontal aortas, short coronary heights, and
tortuous vasculature — which may be more demanding when
using alternative platforms.

Unfortunately, the controversy surrounding the ACURATE
platform will now remain unresolved. A definitive resolution
would have required a robust trial design that ensured
appropriate device use - incorporating core laboratory
adjudication, proper sizing recommendations by an
experienced screening committee, careful patient selection,
and strict adherence to recommended procedural steps. This
has been largely applied in the randomised DOUBLE-CHOICE
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*Paravalvular leakage occurred more frequently among ACURATE recipients in both trials and in SCOPE | was the main driver of not meeting non-inferiority of ACURATE.

Figure 1. Overview of the ACURATE platform. Timeline and iterations of the ACURATE transcatheter heart valve platform are
shown in (A). The neo2 featured an extended sealing skirt, whereas the Prime was characterised by enbhanced radial force and
streamlined deployment. B) Available evidence, in circles sized according to the study size, with favourable studies in green and
unfavourable studies in red. The table summarises strengths (highlighted in green) and weaknesses (highlighted in red) of the
different iterations. -: unfavourable; (+): acceptable; +: good; ++: excellent; DOUBLE-CHOICE: ClinicalTrials.

gov: NCT05036018; Early neo2 Registry, NCT04810195; MORENA: Multicenter Comparison of Novel Self-Expanding
versus Balloon-Expandable Transcatheter Heart Valves; PMCEF: Post Market Clinical Follow up Study, NCT04655248;
PROVE: NCT05539573; SAVI TF: NCT02306226; SCOPE I: NCT03011346; SCOPE II: NCT03192813

trial (Clinical Trials. gov: NCT05036018) where the primary
combined endpoint at 30 days occurred in 15.4% among
ACURATE neo2 recipients versus 30.4% among patients
receiving Evolut valves (95% confidence interval: 9.1 to
20.7; p<0.001), albeit this difference was mainly driven
by pacemaker implantations, and the more relevant 1-year
outcomes are pending’. Admittedly, these very prerequisites
- including the lack of long-term data — reflect the inherent
limitation of the ACURATE platform, which may have been
less forgiving than other valve types. Whether this represents
an intrinsic device-specific issue or is merely related to the
early-phase learning curve — similar to what we experienced
with other platforms in the initial era of TAVI — remains an
open question.

The imposed requirements by the notified body for an
extension of the CE mark may have constituted the final death
blow for ACURATE. According to Boston Scientific, a clinical
follow-up of all European ACURATE recipients was demanded

Eurolntervention 2025;21:1299-1301 ¢ Won-Keun Kim et al.

that was hardly viable and disproportionate, particularly in light
of the risk-based principles outlined in the EU Medical Device
Regulation. Have recent European data, including the 3-year
results of SCOPE I — which showed similar outcomes, with
event curves crossing at 3 years despite ACURATE failing to
meet non-inferiority at 30 days — been ignored by the regulatory
authorities®? Notably, the withdrawal of the ACURATE platform
was driven by unfavourable outcomes associated with the earlier
generation used in the IDE trial, the ACURATE neo2, without
clear evidence that these limitations extend to the latest Prime
iteration, which features enhanced radial force with a rapid and
stable deployment and actually has demonstrated favourable
results in a multicentre registry (Ruck, A. Early ACURATE
prime: multicenter study to evaluate safety and effectiveness.
EuroPCR 2025. 20-23 May 2025. Paris, France). While we
can understand the decision of Boston Scientific leadership
to discontinue ACURATE from a strategic perspective, we as
implanting physicians are convinced that this platform would



have deserved a further chance — with a bit more perseverance,
involvement of expert operators, and evaluation of more recent
data that are expected soon in the decision process.

Most patients will remain well served by alternative devices.
For some interventionalists, the discontinuation of ACURATE
represents a meaningful loss, potentially limiting the ability to
tailor valve selection in certain anatomical scenarios within
contemporary TAVI practice.
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perspectives.

bicuspid aortic valve (BAV) is the most common
Acongenital structural heart abnormality, affecting

0.5% to 2% of the general population and found
in 5% to 20% of transcatheter aortic valve implantation
(TAVI) populations in the Western world!. The epidemiology
of BAV may be different in Asia, as approximately 50% of
patients presenting for TAVI in China are reported to have
a BAV morphology?. However, this may simply reflect the
younger age of these populations, as the prevalence of a BAV
is much higher in younger aortic stenosis (AS) patients
compared to older patients. BAV anatomy predisposes to
early valve degeneration, which may lead to severe AS and/
or aortic regurgitation (AR) and a need for surgical aortic
valve replacement (SAVR) at a young age®. Surgery has long
been the gold-standard treatment for severe symptomatic
bicuspid AS and remains the first-choice treatment for most
young BAV patients with low surgical risk. For older BAV
patients and those at high surgical risk, TAVI has become an
accepted and appropriate treatment option. Contemporary
TAVI in selected bicuspid AS patients has been reported
to have similar clinical outcomes compared to TAVI in
tricuspid AS patients*’. However, due to relevant anatomical
differences, BAVs may be associated with an increased risk
of suboptimal procedural outcomes and complications in
case of TAVI (Central illustration), underscoring the need for
careful patient selection and the use of patient-tailored TAVI

© Europa Group 2025. All rights reserved.

Transcatheter aortic valve implantation (TAVI) has become an established treatment option for symptomatic patients
suffering from aortic stenosis. A bicuspid aortic valve (BAV) is the most frequent congenital valvular abnormality.
With the expansion of the indications for TAVI to patients at lower risk, including younger populations, a BAV
is expected to be more frequently encountered. Several challenges are associated with BAVs, from diagnosis and
classification to interventional or surgical treatment. Transcatheter prostheses, designed to treat tricuspid aortic
valves, have shown promising results in BAV anatomies. However, technical limitations, such as underexpansion,
ellipticity or procedural complications, have been identified. Several issues for transcatheter procedures are still
a matter of discussion. In this state-of-the-art review, we explore the knowledge acquired about TAVI for BAVs,
the sizing and technical specificities of interventional procedures, as well as the remaining evidence gaps and future

strategies to achieve optimal outcomes®. This review article
aims to give a state-of-the-art overview of our knowledge on
TAVI in bicuspid AS and to discuss future directions.

Classification

Classification of BAV disease is essential for understanding
its clinical presentation and guiding therapeutic strategies,
particularly in the context of TAVI. Over the years, several
classification systems have been proposed to categorise BAV
anatomy based on cusp morphology, the presence of a raphe,
and commissural orientation (Figure 1).

The Sievers classification, based on the number of
raphes, remains the most broadly adopted in daily clinical
practice, although it does not cover the full complexity of
BAV anatomy’. It divides BAVs into three phenotypes: type
0, when there is no raphe; type 1, when there is a raphe
connecting two cusps; and type 2, when two raphes are
identified. Sievers type 1 BAV, with a raphe between the right
and left coronary cusps, is the most common phenotype in
Western TAVI populations. Type 0 BAV seems to be more
frequently encountered in Asian TAVI populations, while
type 2 BAV is a rare phenotype worldwide and could more
accurately be termed a unicuspid instead of a bicuspid aortic
valvels.

With the advent of multislice computed tomography
(MSCT) imaging for TAVI procedural planning, Jilaihawi
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et al proposed another classification based on computed
tomography (CT)-derived anatomical insights, categorising
BAVs into bi- and tricommissural types®. Although it addresses
some of the limitations of the Sievers classification and better
evaluates supra-annular structures for TAVI planning, its
adoption in daily clinical practice remains infrequent.

The International Consensus Statement, introduced in
2021, offers a more comprehensive and clinically relevant
definition of a BAV, complementing the Sievers and Jilaihawi
classifications’. It classifies BAV anatomy into three major
phenotypes: two-sinus, fused, and partial-fusion types. The
system further incorporates cusp symmetry, commissural
angles, and the presence and characteristics of a raphe. For
example, the fused BAV type, which is the most common,
involves the fusion of two cusps — most frequently the right
and left coronary cusps — with a raphe that may or may not
be calcified. The International Consensus Statement enables
a precise BAV classification, facilitating procedural TAVI
planning. This classification also identifies a partial-fusion
BAV and excludes unicuspid variants, unlike the Sievers
classification. However, the concept of a fused BAV may
be somewhat misleading because “developmentally” this
phenotype is the result of incomplete cusp separation and
must be distinguished from a fused commissure in tricuspid
aortic valves.

Surgical treatment of BAV disease

SAVR remains the gold-standard treatment for patients with
severe symptomatic BAV disease, in particular for patients
less than 75 years of age and with no prohibitive surgical
risk. Surgical intervention is also indicated for asymptomatic
patients who have severe AS (aortic valve area <0.8 cm?)
or significant AR, especially if (1) there is evidence of left
ventricular impairment (left ventricular ejection fraction
<50% or significant ventricular dilation) or (2) the patient
exhibits a rapid progression of their valve disease during
follow-up. Both mechanical and bioprosthetic valves are
options, depending on the patient’s age, preferences, and
anticoagulation considerations.

Combined procedures are decided based on the association
with any aortopathy, concomitant mitral disease, coronary
artery disease, or rhythm disturbance'. Individuals with
a BAV are at a higher risk for aortopathy, including conditions
such as aortic dilation and aneurysm. This risk is particularly
pronounced in patients with associated connective tissue
disorders, such as Marfan syndrome or Loeys-Dietz syndrome,
in which structural abnormalities of the aortic wall exist!!.
The reported prevalence of aortic dilatation in BAV patients is

TAVI to treat bicuspid AS

approximately 50%, and the proposed mechanisms for aortic
dilation are haemodynamic and/or genetic!'2.

Both the European and US guidelines consider that
concomitant aortic surgery is a reasonable approach (Class
ITa) in BAV patients undergoing surgery for severe AS or AR
with a dilated aortic root or ascending aorta of >45 mm, as
this may prevent future complications such as aortic dissection
or rupture. The latest ESC/EACTS guidelines broaden the
indication for TAVI to include BAV patients who are at high
surgical risk and have favourable anatomy, after thorough
assessment at a Heart Valve Centre!>!.

Recent data on TAVI in BAV disease

REGISTRY DATA

Technological advancements in devices, combined with
a more comprehensive understanding of BAV anatomy, have
enabled the application of transcatheter therapies to treat
patients with BAV disease. Excluded from major randomised
controlled trials (RCTs), patients with BAV stenosis have been
predominantly studied in retrospective registries and only
a few prospective studies. Table 1 summarises the findings of
the most important studies.

One of the first and largest multicentre retrospective
studies was published in 2014%. Mylotte et al analysed the
early and medium-term safety and efficacy outcomes of
TAVI in a cohort of 139 patients with a BAV, using either
self-expanding valves (SEVs) or balloon-expandable valves
(BEVs). Most patients (63%) presented with a bicuspid
Sievers type 1 morphology. At 30 days, the mortality rate
was 5%, and the device success rate reached 90%, with no
significant differences observed between the two prosthesis
groups. At 1-year follow-up, Kaplan-Meier analysis indicated
a mortality rate of 17.5%, with congestive heart failure as
the primary cause of death. This initial registry demonstrated
TAVI feasibility in BAV disease and highlighted the role of
CT analysis as a potential factor for improving transcatheter
aortic valve (TAV) prosthesis type and size selection and,
consequently, patient outcomes.

Another multicentre registry exclusively utilising the
balloon-expandable SAPIEN 3 TAV (Edwards Lifesciences) in
a population of bicuspid AS patients demonstrated favourable
valve performance and a minimal rate of paravalvular
regurgitation (PVR) at 30-day follow-up'®. The study enrolled
a total of 51 patients (82% Sievers type 1). At the 30-day
follow-up, no cases of moderate or severe PVR were reported,
with two deaths (3.9%) and an overall device success rate of
98%. The authors underscored the low rate of PVR as one of
the key findings of the study, attributing it to the technological

Abbreviations
AR aortic regurgitation cT computed tomography RCT randomised controlled trial
AS aortic stenosis ICD intercommissural distance SAVR surgical aortic valve replacement
AV aortic valve LAO left anterior oblique SEV self-expanding valve
BAV bicuspid aortic valve LIRA Level of Implantation at the RAphe STS Society of Thoracic Surgeons
BAVARD Bicuspid Aortic Valve Anatomy and LvoT left ventricular outflow tract TAV transcatheter aortic valve
Relationship with Devices MSCT  multislice computed tomography TAVI  transcatheter aortic valve implantation
BEV balloon-expandable valve PVR paravalvular regurgitation
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TAVI to treat bicuspid aortic valve disease.

Eurolntervention Central lllustration

Bicuspid aortic valve disease:

raphe

Possible anatomical differences with tricuspid AV disease:
e Extra-large aortic annulus dimensions

o Severely calcified leaflets

e Presence of a (calcified) raphe

e Coronary ostia: higher and more eccentric take-off
e Enlarged/dilated ascending aorta
* (Coarctation of the aorta

e Paravalvular regurgitation

e Conduction disorders/permanent pacemaker
* Valve malpositioning

o Stroke risk

 Annulus rupture

e A frequent disease in the general population and in TAVI patients

e Prevalence: 5-15% in Western TAVI populations/up to 40% in Asian TAVI cohorts

 TAVI outcomes in this population are comparable with TAVI for tricuspid AV disease; however, there are increased risks of
procedural complications and worse clinical outcomes in case of excessively calcified leaflets and/or a calcified

e Extra-large aortic root (sinuses of Valsalva, sinotubular junction)

TAVI in bicuspid aortic valve - associated with increased risks of:

e Valve stent frame underexpansion & non-circularity
e |imited valve durability

Didier Tchétché et al. ® Eurolntervention 2025;21:1302-1316 * DOI: 10.4244/E1J-D-24-01069

Key features of TAVI in patients with bicuspid aortic valve disease, including anatomical differences with tricuspid aortic valve
disease, and specific associated risks. AV: aortic valve; TAVI: transcatheter aortic valve implantation

features of the prosthesis, including the external sealing skirt on
the inflow portion, as well as the improved valve delivery system,
which enhanced accuracy during positioning. While the study
demonstrated promising early results, these should be interpreted
with caution given its retrospective design and the small sample
size. A comparable outcome with the SAPIEN 3 valve was
reported by Attinger-Toller et al in a multicentre study conducted
some years later, with a median follow-up of 390 days".

Next, a retrospective propensity-matched analysis of 561
bicuspid and 4,546 tricuspid AS patients showed a higher
frequency of conversion to surgery, a lower device success
rate, and a higher incidence of moderate or greater PVR in the
bicuspid cohort'®. This study demonstrated that the outcomes

Eurolntervention 2025;21:1302-1316 ¢ Didier Tchétché et al.

were influenced by the generation of TAV being used: BAV
patients treated with early-generation devices experienced
more frequent aortic root injuries with BEVs and a higher
incidence of moderate-to-severe PVR with SEVs.

Another multicentre registry explored the association
and impact of BAV anatomical features on TAVI outcomes
in 1,034 bicuspid AS patients'®. The presence of a calcified
raphe and excessive leaflet calcium was associated with
worse clinical outcomes (higher 2-year all-cause mortality
compared to patients with one or neither of these features
[25.7% vs 9.5% vs 5.9%; p<0.001]). The role of BAV
anatomical features was further highlighted in the AD HOC
registry?®. This study included 946 patients with bicuspid



TAVI to treat bicuspid AS

Bicuspid aortic valve - classifications

90-95%

Sievers (2007)

Type 0 | Type 1

Jilaihawi (2016)

Bicommissural Bicommissural , ,
No raphe Raphe Tricommissural
Michelena (2021) - International Consensus Statement
______ Two-sinus | ~ Fused |  Partialfusion | Unicuspid
2 sinuses 3 sinuses 3 sinuses
_______ 2cusps | 2cusps(asymmetric) | 3cusps |
2 commissures 2 commissures 3 commissures Not bicuspid
_______ Noraphe |~ Raphe |  Partialraphe
A-P <L-L RL + RN ' LN One commissure
70-80% © 20-30% '@ 3-6% fused <50%

Figure 1. Bicuspid aortic valve classifications. Different classification systems to categorise bicuspid aortic valve anatomy based

on cusp morphology, the number of commissures, and the presence of a raphe. A-P: anterior-posterior; L-L: latero-lateral;
L-N: left-non-cusp; N/A: not available; R-L: right-left cusp; R-N: right-non-cusp

AS Sievers type 1. Independent predictors of PVR included
a large virtual raphe ring perimeter, severe annular or left
ventricular outflow tract (LVOT) calcification, use of a SEV,
and intentional supra-annular TAV positioning. Although this
study offered valuable insights, some important limitations
should also be recognised, such as its retrospective study
design, the inclusion of a variety of TAV devices, and the lack
of a standardised sizing method.

IMPACT OF SIZING TECHNIQUE

The Bicuspid Aortic Stenosis With Evolut Platform International
Experience (BIVOLUTX) study was a multicentre registry that
aimed to assess the performance of the self-expanding, supra-
annular Evolut PRO/XL valve (Medtronic) in 149 bicuspid AS

patients (mean Society of Thoracic Surgeons Predicted Risk
of Mortality [STS-PROM] score 2.6%) undergoing TAVI*.
The CT analysis included various sizing methods, all of which
were reviewed by a dedicated core lab. At 30 days, the cardiac
death rate was 2.6%, with the valve demonstrating optimal
haemodynamic performance. Moderate PVR was reported in
3 patients (2.8%), with no cases of severe regurgitation. At
1-year follow-up, valve haemodynamics remained consistent.
Only 1 patient experienced moderate-to-severe PVR, and
3 patients had severe patient-prosthesis mismatch. Different
CT-based sizing methods did not impact device or clinical
outcomes. The BIVOLUTX study has limitations: 86.5% of all
patients had a BAV of Sievers type 1. Consequently, the study
findings should not be generalised to other BAV phenotypes,

Eurolntervention 2025;21:1302-1316 ¢ Didier Tchétché et al.
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g Tahle 1. Main registries and trials exploring TAVI for bicuspid aortic valves.
w Year, first author Study design, sample size Primary endpoint Main conclusion(s)
= =
~ 2014, Mylotte D*® Registry Procedural and TAVI in bicuspid AS is achievable with
[ N=139 clinical (VARC) promising short- and medium-term clinical
o outcomes
Ll
[ 2016, Perlman G*® Registry Procedural and Promising early results with a device success
= N=51 clinical (VARC-2) rate of 98%
v 2017, Yoon SH!® Registry (PS-matched analysis)  Procedural and In comparison to TAVI in tricuspid AS: similar
N=561 clinical (VARC-2) clinical outcomes, but a lower device success
rate in the bicuspid cohort
2019, Waksman R?3 Registry All-cause mortality at ~ No mortality at 30 days
N=61 30 days
2019, Attinger-Toller Al Registry Procedural and Favourable outcomes at 1 year and beyond,
N=79 clinical (VARC-2) with a device success rate of 98%
2020, Yoon SH*® Registry All-cause mortality at ~ High-risk morphological features in BA
N=1,034 1 and 2 years influence outcome

2021, Makkar RR? 30-day and 1-year

mortality and stroke

Registry (PS-matched analyses) No significant difference between the groups
N=37,660 (3,243 bicuspid and

34,417 tricuspid)

Evolut Low Risk bicuspid study
registry
N=150

Registry (PS-matched analyses)
N=169 BA* vs 496 TA

Incidence of all-cause
mortality or disabling
stroke at 30 days

2021, Forrest JK?6 Favourable 30-day outcome

2022, PARTNER 3 bicuspid
registry, Williams MR?®

1-year composite rate
of death, stroke, and
cardiovascular
rehospitalisation

No significant difference between the groups

2022, Majmundar M?® TAVI is associated with reduced rates of

in-hospital mortality

Registry (PS-matched analyses)  In-hospital mortality
N=17,068 patients with a BAV

(1,629 TAVI and 15,439 SAVR)

2023, BIVOLUTX, Tchétché D?!  Registry Valve performance at Favourable valve performance at 30 days
N=149 30 days
2024, Evolut Low Risk Bicuspid  Registry Rates of all-cause Low rates of all-cause mortality or disabling

N=data available for stroke

128 patients

Registry
N=946

Study, 3-year follow-up, Zahr F?” mortality or disabling

stroke

2024, AD HOC, Zito A% PVR incidence, MAE Moderate or severe PVR occurred in about 4%;
PVR >moderate was linked to an increased

risk of MAE

In the BA cohort, the rate of the composite
endpoint was significantly higher in patients
undergoing TAVI

2024, NOTION-2,
Jgrgensen TH®

Randomised trial (TAVI vs
SAVR)

Composite of all-cause
mortality, stroke, or
N=370 randomised, rehospitalisation at
100 patients with a BA 12 months

*Highly selected bicuspid anatomy; patients were excluded if presenting one of the following: left ventricular outflow tract or raphe calcification, aortic
annulus diameter <16 mm or >28 mm, and ascending aorta diameter >40 mm. AS: aortic stenosis; BA: bicuspid anatomy; BAV: bicuspid aortic valve;
BE: balloon-expandable; MAE: major adverse events (all-cause death, stroke, or hospitalisation for heart failure); PS: propensity score; PVR: paravalvular
regurgitation; SAVR: surgical aortic valve replacement; SE: self-expanding; TA: tricuspid anatomy; TAVI: transcatheter aortic valve implantation;

VARC: Valve Academic Research Consortium
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and the limited sample size (for other BAV phenotypes) did not
allow for comparisons between BAV phenotypes.

LOW-RISK PATIENTS
TAVI for low-risk patients was approved by the U.S. Food
and Drug Administration (FDA) in 2019%2. The Low Risk
TAVR (LRT) study was the first to evaluate low-risk patients
with bicuspid AS undergoing TAVI with either BEVs or
SEVs?. At 30 days, there were no reported cases of mortality
or ischaemic stroke. One patient experienced moderate PVR.
Excellent clinical short-term results were reported in this low-
risk population.

Another large propensity-matched study, including
3,168 pairs of low surgical risk bicuspid and tricuspid
AS patients (mean age: 69 vyears) treated with the

Eurolntervention 2025;21:1302-1316 ¢ Didier Tchétché et al.

balloon-expandable SAPIEN 3 valve showed no significant
difference in the primary endpoint of death and stroke at
30 days and 1 year?. Similar findings were observed in the
PARTNER 3 bicuspid registry?. This study included 169 low
surgical risk bicuspid AS patients (primarily Sievers type 1)
with a mean age of 71.0 years.

A propensity score-matched analysis was also conducted
comparing tricuspid AS patients treated in the Evolut Low
Risk trial and bicuspid AS patients from the Evolut Low Risk
bicuspid registry. No significant differences were observed
between groups®. The 3-year follow-up data were recently
published?”. At 3-year follow-up, similar outcomes were
observed in both groups regarding all-cause mortality or
disabling stroke. This study represents the longest follow-up
to date for low surgical risk bicuspid AS patients, offering



insights into the valve durability of this particular TAV
prosthesis in this population.

TAVI VERSUS SAVR

Adjunctive data on outcomes for TAVI and SAVR in bicuspid
AS were derived from a propensity score analysis of a cohort of
17,068 patients from the Nationwide Readmission Database
(NRD), which generated 1,393 matched pairs®®. The results
showed that TAVI was associated with lower in-hospital
mortality, with similar rates of major adverse cardiovascular
events at 1 and 6 months. The favourable outcomes observed
after TAVI in bicuspid AS should be interpreted with caution.
This is because critical information was missing, such as valve
anatomy and TAV prosthesis selection.

The Nordic Aortic Valve Intervention Trial 2 (NOTION-
2) randomised 370 patients with severe AS and a mean
age of 71.1 years at low surgical risk (median STS-PROM
score 1.1%) to either TAVI or SAVR’. Among this cohort,
100 patients had a BAV, primarily Sievers type 1. At 1 year,
the incidence of the primary endpoint - a composite of all-
cause mortality, stroke, or rehospitalisation — was higher in
bicuspid AS patients who underwent TAVI: 14.3% compared
to 3.9% for SAVR (hazard ratio 3.8, 95% confidence interval:
0.8-18.5). The study included different BAV anatomical
morphologies, complexities, and prostheses. This underscores
the need for a properly sized randomised trial comparing
TAVI and SAVR in bicuspid AS patients.

Sizing methods for TAVI in BAVs

Similar to TAVI in tricuspid AS, the gold standard for
procedural planning of TAVI in BAVs consists of an in-depth
analysis of MSCT images of the aortic valve (AV) complex
and aortic root at different levels both above and below the
virtual aortic annulus (Figure 2).

The CT “scroll technique” offers a comprehensive
overview of the anatomy during the mid-systolic phase of
the cardiac cycle. This technique involves scrolling through
the MSCT images from the level of the LVOT up to the
ascending aorta to assess key anatomical features, such as
BAV cusp morphology, calcium extent and distribution, raphe
appearance and location, and coronary ostia location. In
BAVs, these features can present very different challenges, each
of which may impact TAV choice and procedural outcomes.
Furthermore, it is important to evaluate the dimensions of the
ascending aorta and aortic arch, as a BAV can be associated
with dilatation of the ascending aorta and coarctation of the
aorta (Figure 2).

The choice of a correct TAV size is critical for safeguarding
the procedural success of TAVI in BAVs while also minimising
complications. The specific anatomical features of a BAV -
including asymmetrical and excessive leaflet calcification
and a (calcified) raphe - require tailored sizing methods in
order to guarantee procedural success and reduce the risks
of procedural complications. Several sizing methodologies
have been proposed, each with its advantages and limitations
(Figure 3).

INTERCOMMISSURAL DISTANCE
The Bicuspid Aortic Valve Anatomy and Relationship with
Devices (BAVARD) study was a multicentre registry study
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aimed at evaluating the anatomical characteristics of BAVs and
their impact on TAVI outcomes*. When treating tricuspid AS
with TAVI, the aortic annulus dimensions are considered for
TAV size selection. However, the investigators realised that it
is crucial to understand the configuration of the entire landing
zone when treating bicuspid AS with TAVIL In an effort to
achieve standardisation and according to the BAVARD sizing
algorithm, measurement of the intercommissural distance
(ICD) at 4 mm above the aortic annulus was introduced.
Based on the comparison of the mean aortic annulus diameter
and the ICD at 4 mm above the annulus, the BAV landing
zone can be categorised as a tube, flared, or tapered. In case
of a tube or flared configuration (85% of cases), standard
TAV sizing based on the annular dimensions is recommended,
whereas TAV “downsizing” is recommended in case of
a tapered configuration of the landing zone (15% of cases)
(Figure 3A). This BAVARD sizing method has been validated
in the BIVOLUTX study using the Evolut PRO/XL TAV and
has been adopted in several high-volume centres in daily
clinical practice thanks to its ease of use and reproducibility?'.
Of note, this sizing method is primarily validated for and
applicable to TAVI with SEVs.

SUPRA-ANNULAR TRACING

Another approach to get a better insight and understanding
of the BAV landing zone has been tracing the supra-annular
orifice. In theory, these tracings can be performed at any
level above the aortic annulus. However, sizing techniques
for TAVI in BAVs relying on tracings of the supra-annular
orifice have been described at specific, predefined levels
above the virtual aortic annulus*?*?’. In parallel to the ICD
measurement, the BAVARD investigators propose tracing the
supra-annular orifice at 4 mm above the aortic annulus. The
rationale behind this method is that the perimeter-derived
mean diameter of the supra-annular tracing correlates
strongly with the final mean TAV diameter and, as such, can
assist in the final TAV size selection. On the other hand, the
Level of Implantation at the RAphe (LIRA) sizing method
relies on tracing the supra-annular orifice at the level of
maximal raphe protrusion (approximately 10 mm above
the annulus)®>'. However, the LIRA method is not widely
adopted due to poor reproducibility and its applicability
being limited to BAVs with a long, calcified raphe (Figure 3B).

CIRCLE METHOD

The “circle method” involves drawing concentric circles at
the annulus and every 3 mm above the annulus on MSCT
images to assess which valve size would best fit the anatomy.
Therefore, it is of utmost importance to assess whether
a chosen TAV size covers the commissures (at 4 mm above
the annulus) and fits well within the supra-annular orifice
at the level of the calcified leaflets and/or (calcified) raphe
(Figure 3C). Hence, the circle method integrates the BAVARD
and supra-annular tracing methods into one comprehensive
approach. Clearly, this sizing method offers simplicity and
ease of use, allowing a straightforward visual assessment of
the “valve fit” into a given anatomy. On the other hand, its
performance depends heavily on operator experience, and it
has only been validated for TAVI with BEVs*2, However, when
using dedicated CT analysis software such as 3mensio (Pie
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Fundamental CT planes and analysis of bicuspid aortic valves

CT scroll technique

Aortic valve
Level of Implantation at the RAphe

Aortic annulus

e Calcium extent and distribution
¢ Presence of any (calcified) raphe

e | ocation of coronary ostia

In mid-systole, identify the aortic annular plane and slowly scroll up and down
from the left ventricular outflow tract to above the sinotubular junction

Examination of these images can identify the following:
* Morphology and location of the cusps, leaflets and commissures - ‘classification

e Size and shape of supra-annular orifice (+4 mm: ICD/LIRA: level of raphe)

Adjacent structures

Ascending aorta

Sinotubular junction

Left ventricular outflow tract

Figure 2. Fundamentals of CT analysis of bicuspid aortic valves for TAVI treatment planning. The CT scroll technique ensures a
comprehensive assessment of the aortic valve complex and aortic root. Precise measurements are made at different planes,

including some specific planes to bicuspid aortic valve disease. CT: computed tomography; ICD: intercommissural distance;
LIRA: Level of Implantation at the RAphe; TAVI: transcatheter aortic valve implantation

Medical Imaging), a “virtual valve” with the exact dimensions
of the chosen valve type and size can be superimposed onto
the CT images and can offer this same visual assessment of
“valve fit” into the anatomy for any TAV.

Eurolntervention 2025;21:1302-1316 ¢ Didier Tchétché et al.

CASPER ALGORITHM

The Calcium Algorithm Sizing for bicusPid Evaluation with
Raphe (CASPER) algorithm uses a formula starting with the
aortic annular dimension and then subtracting 0.5-1 mm
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TAV sizing for treatment of bicuspid aortic valves

A Intercommissural distance B Supra-annular tracing

Based on the BAVARD sizing method

« Mostly used for SEV sizing

« Approx. 5% oversizing relative to the annulus @ is sufficient
« It is key to understand the landing zone configuration
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m | / / ‘\ Supra-annular tracing Supra-annular tracing

\ ‘f | 1 at 4 mm above the annulus at the LIRA

Aartic annulus L 4 [
» Tube Flared Tapered Anticipating the final TAV diameter
Sizing . ! . . .
algorithm Annular sizin iCD sidin Perimeter-derived mean @ of supra-annular orifice
35% ¢ 15% ¢ tracing at baseline CT correlates with the TAV mean @
C Circle method D CASPER algorithm

+10mm

+4mm

3 Annulus 7 Calcium volume Calcified raphe
27.0 mm >300 mm?® length 13.9 mm
: -1mm -1.5mm
26 mm SAPIEN 3 Perimeter/area-derived mean annulus @ (in mm)

« Mostly used for BEV sizing - —1 mm if leaflet calcium >300 mm®

- Can also be applied to SEV, taking into account sl mmifraphe lehgh =507 pfamnilisy
. . «—0.5 mm if raphe is calcified

the TAV design (tapering)

E Computational modelling F Balloon sizing

- \__

-
Regurgitant Contact No leak Significant
volume pressure leak
Patient-specific computational models predict: Aortic angiogram during predilatation:
« TAV stent frame deformation - Visual assessment of leak/landing zone seal
« Risk of paravalvular regurgitation - Balloon size that results in no leak
- Risk of conduction disorder - choice of TAV size based on sizing chart

Figure 3. Different TAV sizing methodologies for the treatment of bicuspid aortic valves. A) Intercommissural distance, based on
the BAVARD sizing method. B) Supra-annular tracing. C) Circle method. D) CASPER algorithm. E) Computational modelling.
F) Balloon sizing. BAVARD: Bicuspid Aortic Valve Anatomy and Relationship with Devices; BEV: balloon-expandable valve;
CASPER: Calcium Algorithm Sizing for bicusPid Evaluation with Raphe; CT: computed tomography; ICD: intercommissural
distance; LIRA: Level of Implantation at the RAphe; SEV: self-expanding valve; TAV: transcatheter aortic valve
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based on factors such as calcium burden and raphe length
to determine TAV size (Figure 3D)*. A strength of this sizing
method is that it offers a standardised approach with high
reproducibility. On the other hand, an important limitation of
this method is that it has only been validated in small sample
sizes using early-generation devices (including a mechanically
expandable TAV, which is no longer available).

COMPUTATIONAL MODELLING

Computational modelling is a newer technology which relies
on artificial intelligence-based simulations to predict TAV stent
frame deformation, the risk of PVR, and potential conduction
disorders for a specific TAV type and size in a patient-specific
anatomy (Figure 3E)**35. This highly individualised approach
allows for procedural planning, including
simulations with different TAV designs and sizes. While
computational modelling has shown value when planning for
TAVI in complex bicuspid cases, its reliance on specialised
software and service providers has limited its accessibility
in routine clinical practice. Computational modelling also
shows promise with regard to the planning of redo-TAVI in
younger bicuspid patients, with valuable insights into the risk
of coronary occlusion and coronary inaccessibility in redo-
TAVI scenarios.

meticulous

BALLOON SIZING

The balloon-sizing method involves inflation of a balloon
in the native aortic valve (predilatation) while performing
an aorta angiogram to assess the presence of contrast leak
into the left ventricle (Figure 3F). In case of doubt between
two TAV sizes, it is recommended to perform balloon sizing
with a balloon diameter matching the smaller TAV size (for
BEV) or one at the lower end of the aortic annulus range
recommended for the smaller TAV size (for SEV). If no leak
is detected, the balloon size is considered adequate, and the
corresponding TAV size can be selected. While this method
is straightforward and offers a real-time assessment of the
valve’s landing zone seal, a drawback of this sizing method is
that it is performed intraprocedurally, thereby delaying TAV
selection and loading. Additionally, the absence of contrast
leak does not always guarantee optimal seal with the final
valve implantation.

Procedural considerations

When performing TAVI in BAV patients, there are several
considerations to address the specific anatomical complexities
of BAVs (Figure 4). A tailored approach is essential to maximise
procedural success and reduce the risks of procedural
complications, such as annulus rupture, sinus perforation,
valve migration, PVR, and TAV underexpansion’. At each
step in the procedure, patient-tailored modifications can be
pivotal for achieving optimal outcomes. Of note, cerebral
embolic protection may be considered when performing TAVI
in BAV patients given the increased risk of procedural stroke
in these patients®3¢.

CROSSING THE AORTIC VALVE

Wire crossing of BAVs can be difficult because of extensive
leaflet calcification, a (calcified) raphe, and the presence of
a wide and/or horizontal aortic root. Use of a predetermined
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patient-tailored fluoroscopic projection — the commissural
view — derived from the preprocedural cardiac CT, can
facilitate this step and is crucial throughout the entire
procedure. The commissural view is a fluoroscopic projection
on the aortic annulus S-curve, which is in line with the
commissure, looking into it and distinguishing the calcified
leaflets (Figure 4A)*’. In case of the most common BAV
phenotype — a BAV Sievers type 1 with right-left fused cusps
- the commissural view corresponds to the classical right-left
cusp-overlap view.

PREDILATATION

Predilatation is commonly performed when treating BAVs
with TAVI, and it serves two primary purposes: facilitating
the crossing of the native aortic valve with the TAVI delivery
system and promoting optimal TAV expansion, thereby
reducing the risk of TAV underexpansion (Figure 4B). This
step is particularly important for SEV platforms, where TAV
underexpansion can lead to TAV infolding, migration, or
even embolisation. The balloon size for predilatation should
be carefully matched to the patient’s anatomy, taking into
account the anatomical size and extent of calcifications at
the level of the aortic annulus, LVOT, and aortic root. A safe
balloon size should be based on preprocedural CT planning
using the circle method or the minimum annulus diameter.
During predilatation, use of the commissural view allows
for the assessment of balloon expansion and calcified leaflet
modification. In case of severely calcified leaflets, a “double-
tap” balloon inflation may be considered in order to maximally
modify the leaflet calcifications. An aortic angiogram can also
be performed during predilatation to assist with TAV sizing.

TAV IMPLANTATION
The choice of TAV type — either BEV or SEV — has implications
for the implantation strategy when treating BAVs. For both
types, higher implants are typically targeted in BAVs, because
a deeper implant position increases the risks of supraskirt
PVR and conduction disturbances (Figure 4C-Figure 4D)*3.

For BEVs, this higher TAV implant position corresponds
to a 90/10% or even 100/0% supra-annular/infra-annular
position, which can be achieved by deploying a SAPIEN
valve (Edwards Lifesciences) with the radiopaque marker
3 mm above the annulus in the three-cusp coplanar view and/
or with the radiolucent line at the annulus level in the right-
left cusp-overlap view®. Moreover, when positioning BEVs in
a BAV anatomy, it is important to verify that the outflow
part of the BEV is positioned at least 1 mm above the dense
leaflet calcifications; this to avoid TAV embolisation towards
the left ventricle — this is a particular point of attention when
using the shorter-frame Myval BEV (Meril Life Sciences) in
bicuspid valves.

For SEVs, this higher TAV implant position corresponds to
a 1 to 3 mm implant depth in relation to the aortic annulus.
In case of implanting the Evolut platform, the right-left cusp-
overlap view is typically used to guide initial TAV positioning,
thereby keeping the 3 mm radiopaque marker just above the
aortic annulus level during deployment to achieve a final
depth of 1 to 3 mm below the annulus. Before final valve
release, it is important to verify a minimum implant depth
of 1 mm below the left coronary cusp; this can be done in
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TAVI in bicuspid AS - procedural considerations

A Crossing the aortic valve

B Predilatation

Scroll” up and down

e S P » b-n‘..
Bicuspid type 1 Crossing AV in Circle method to check Balloon inflation
R-L fusion R-L cusp overiap view ‘safety’ of balloon size in commissural view

- Stay on the aortic annulus S-curve
- Find a fluoroscopic projection that ‘looks' into the
commissure & distinguishes the calcified leaflets

C BEVimplantation - SAPIEN 3

- Balloon size ~ minimum annulus @ is a safe choice
« A 'double-tap' balloon inflation may be considered
- Optional: aortic angiogram

D SEVimplantation - Evolut
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3-cusp R-L cusp-overlap R-L cusp-overlap LAO view without
coplanar view view - view Evolut parallax
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-m-------lw 0 ~ARum i D 1
-
Position the S3 marker 3 mm Position the S3 radiolucent line Position the 3 mm marker just Verify implant depth of

above the aortic annulus 1-3 mm in LAO view

at the aortic annulus level

above the aortic annulus

The final position will be 100/0 aortic/ventricular The final position will be 1-3 mm below the annulus

E Assessment of TAV expansion F Post-dilatation

- R-Lcus) P overlap view

P % i -
s : . g 7

nmissural view

) 2 £ S~ I ReE
Bicuspid AV type 1 Severe TAV

R-N fusion underexpansion

 Min annulus @ <balloon size <mean annulus @

e |t is recommended to perform post-dilatation in the commissural view

 Confirm adequate valve expansion in two orthogonal views
o |t is essential to check from the commissural view

Figure 4. Procedural considerations for TAVI in bicuspid aortic stenosis. A) Tailoring fluoroscopic projections for crossing the
aortic valve. B) Aortic valve balloon predilatation. C, D) Positioning and implantation of a BEV or SEV in a bicuspid aortic
valve stenosis. E) Assessment of post-implant TAV expansion. F) TAV balloon post-dilatation. AS: aortic stenosis; AV: aortic
valve; BEV: balloon-expandable valve; LAO: left anterior oblique; R-L: right-left cusp; R-N: right-non-cusp; S3: SAPIEN 3;
SEV: self-expanding valve; TAV: transcatheter aortic valve; TAVI: transcatheter aortic valve implantation
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a left anterior oblique (LAO) fluoroscopic projection with no
parallax in the TAV.

Although targeting higher TAV implants
procedural outcomes, it may compromise redo-TAVI options.
In case of redo-TAVI, a high index TAV implant may result in
a relatively high leaflet neoskirt, which could increase the risk
of coronary artery occlusion (due to sinus sequestration) and
coronary inaccessibility®’. This is particularly relevant when
planning for TAVI in bicuspid AS patients, as these patients
are (on average) younger and have a longer life expectancy
compared to tricuspid AS patients.

In very selected BAV cases with severe (right) coronary
ostium eccentricity, it has been suggested by some operators to
use the coronary ostia overlap fluoroscopic projection for SEV
implantation; however, this may not be practically feasible and
may complicate coronary access to the left coronary artery
and jeopardise the benefits of commissural alignment*!.

improves

ASSESSMENT OF TAV EXPANSION

Following implantation, assessing TAV expansion is crucial to
ensure that the valve is well positioned and fully expanded.
Therefore, it is essential to use two orthogonal fluoroscopic
views, one LAO and one right anterior oblique fluoroscopic
view, with one of these being the commissural view; this allows
for a reliable evaluation of TAV symmetry and expansion
(Figure 4E). This is particularly relevant in BAVs with heavily
calcified leaflets and/or a calcified raphe, which can make
complete stent frame expansion challenging!. Importantly,
there is increasing evidence that TAV underexpansion and
eccentricity in BAVs can impact valve haemodynamics, the
risk of leaflet thickening, and clinical outcomes*?. Hence, this
necessitates further intervention to optimise TAV performance.

POST-DILATATION

Post-dilatation can improve TAV expansion and circularity
and enhance sealing, ensuring optimal valve function and
reducing PVR, especially when heavy calcification has
hindered full TAV expansion*”. A balloon size 1 or 2 mm
larger than the minimum annulus diameter — but smaller
than the mean annulus diameter — can often be considered
a safe and effective choice for post-dilatation. Extra caution
and a more conservative balloon choice could be warranted
for anatomies with subannular/LVOT calcification (consider
a high balloon position) or a narrow and calcified sinotubular
junction (consider a low balloon position), as studies with
BEVs have linked this to an increased risk of aortic root
injury®. Post-dilatation is best performed using the bicuspid
“commissural view” for fluoroscopic guidance to assess
balloon inflation and TAV stent frame expansion (Figure 4F).

Missing evidence and perspectives

Despite the data on TAVI in BAV patients that have
accumulated in recent years, there are remaining knowledge
gaps to be filled in order to better understand the outcomes
associated with TAVI in BAVs.

INDICATIONS AND PATIENT SELECTION

Although the European Society of Cardiology/European
Association for Cardio-Thoracic Surgery (ESC/EACTS)
Guidelines for the management of valvular heart disease
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formulate clear recommendations on indications for
intervention in AS and the recommended mode of intervention,
there is hardly any discussion on the role of TAVI in patients
with BAV disease. The ESC/EACTS Guidelines state that
“While several registries have reported excellent outcomes of
TAVI in patients with a BAV who were unsuitable for surgery,
SAVR remains more appropriate in patients with aortic
stenosis affecting a bicuspid valve and in those with associated
disease (e.g., aortic root dilatation, complex coronary artery
disease, or severe mitral regurgitation) requiring a surgical
approach.” In the ACC/AHA Guidelines for the management
of patients with valvular heart disease, a separate chapter has
been dedicated to bicuspid aortic valves. However, the ACC/
AHA Guidelines are also rather scarce with their comments
on the role of TAVI to treat bicuspid AS and mention that
“considerations are the younger age of patients with a BAV,
for whom the risk-benefit ratio of TAVI versus SAVR needs
careful consideration. Randomised controlled trials are
needed to obtain full clarity on the optimal use of TAVI in
this population, as well as long-term outcomes.”

Besides this missing RCT evidence to support TAVI in BAV
disease, there is an equally large gap in evidence on which
BAV morphologies are suitable, less suitable, or absolutely not
suitable for treatment with TAVI. Even an expert consensus
document on the sizing and positioning of the SAPIEN 3/
SAPIEN 3 Ultra (Edwards Lifesciences) in bicuspid AS did
not address the topic of which BAV morphologies are most
favourable or, conversely, should be avoided for TAVI and
preferably referred to SAVR*. Clearly, a more granular risk
stratification is necessary to guide our decision-making in
daily clinical practice. Dedicated studies focusing on TAVI
outcomes in different BAV morphologies or phenotypes
(including BAV Sievers type 2 or unicuspid AV) are required
in the future.

Finally, there is also missing evidence on what the mode
of intervention should be in elderly patients with severe
symptomatic AS and concomitant aortic root dilatation.
A recent study reported that aortic root dilatation remained
stable in 85% of patients at a median follow-up of 3 years
after TAVL In the 15% of patients with continuous aortic
root dilatation, TAV stent frame geometry and function were
identified as predictive factors of this continued dilatation
after TAVI**. However, more evidence is needed on this topic.

DEDICATED TAV PROSTHESES

Although only the Evolut and SAPIEN platforms are European
Conformity (CE) marked with an indication for TAVI in
bicuspid AS, most contemporary balloon-expandable or self-
expanding TAVs have been used to treat BAV morphologies;
however, this has inherent constraints and weaknesses.

Newer-generation TAV devices, such as the Evolut FX+
(Medtronic) and SAPIEN 3 Ultra, have shown promise in
optimising TAV positioning, promoting coronary access
and preventing PVR in tricuspid AS*+*. Prospective studies
exploring the performance of these newest-generation devices
in bicuspid AS patients are also needed.

Importantly, TAV stent frame underexpansion and ellipticity
in bicuspid AS could adversely impact valve haemodynamics
and durability. Dedicated TAVI devices could be needed in
the future to overcome the technical limitations of the current



TAVs, which are primarily designed for the treatment of
tricuspid aortic valves.

PROCEDURAL REFINEMENTS

There may be significant differences in outcomes based on
operator experience with TAVI in BAV patients. Training and
the establishment of centres of excellence may help address
these disparities. In the future, artificial intelligence could
help integrate the bicuspid phenotype and calcium burden
into the procedural decision algorithm, and robotic-assisted
TAVI could improve the accuracy of TAV positioning and
implantation.

Furthermore, as many procedural challenges and difficulties
are related to the bicuspid configuration of the leaflets —
resulting in TAV underexpansion and eccentricity — adjunctive
therapies such as leaflet modification may play a role in the
future. The ShortCut leaflet splitting device (Pi-Cardia) has
shown promise for redo-TAVI procedures in degenerated
surgical or transcatheter aortic bioprostheses*”.
studies should investigate whether “tricuspidalisation” of
a bicuspid valve, by splitting the fused leaflet, is feasible, safe
and effective and whether it might become an indispensable
procedural refinement when treating bicuspid anatomies with
TAVL

Future

LONG-TERM OUTCOMES
While several registries have reported excellent outcomes of
TAVI in patients with a BAV, most existing evidence is derived
from short- to medium-term follow-up studies. Taking into
consideration that TAV underexpansion and eccentricity
have been extensively documented in bicuspid anatomies,
concerns have been raised that this could lead to impaired
valve function and favour adverse outcomes such as leaflet
thrombosis or valve deterioration*. Long-term outcomes with
regard to valve haemodynamics, leaflet thrombosis, valve
durability, and reintervention following TAVI in BAV patients
are still underresearched and underreported. Understanding
how different types of TAVs function over time in this specific
anatomical setting is crucial. Larger cohorts of patients with
extended follow-up, ideally up to 10 years, are needed to
ensure that TAV durability is satisfactory when treating BAVs.
Lastly, there is a scarcity of data on patient-reported
outcomes and on how TAVI impacts quality of life when
treating younger, low-risk patients with a BAV, despite this
being an important aspect of assessing treatment effectiveness.
Aspects such as functional improvement and impact on
quality of life should be considered equally important as
valve durability in this group of patients.

NEED FOR COMPARATIVE STUDIES

When critically evaluating the data on TAVI in bicuspid AS
(see section “Recent data on TAVI in BAV disease”), it is clear
that most of the current evidence comes from (retrospective)
single-arm registry studies. One of the obvious limitations
of these registry studies is a strong patient selection bias. So
far, there has been no RCT directly comparing TAVI with
SAVR in BAV patients. Such studies are needed to determine
the best treatment strategy for these patients. A future RCT
comparing TAVI with SAVR in BAVs should attempt to enrol
the broadest possible bicuspid AS population in the RCT
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arm, rather than in parallel TAVI or SAVR registry studies.
However, it must be accepted that some BAV phenotypes,
such as BAV Sievers type 2 or unicuspid aortic valves, will
be excluded from the comparative study arm due to the
unpredictable TAVI outcomes in these particular bicuspid AV
phenotypes.

Finally, TAV type and design may also influence procedural
and long-term outcomes after TAVI in BAVs. Various
commercially available TAVI devices may perform differently
in the context of BAVs. Head-to-head comparative studies,
comparing TAVI devices in BAV patients are also needed to
evaluate the safety and efficacy of different TAV designs in
patients with bicuspid anatomy.

Conclusions

TAVI for bicuspid aortic valves has become a mature
procedure with excellent clinical outcomes achieved in
selected patients. We reviewed the classifications, challenges
associated with bicuspid anatomies, and current knowledge
and techniques for TAVI in this patient population, from the
sizing to the procedure itself. Several remaining issues need to
be addressed in future properly sized studies and randomised
controlled trials.
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1. Introduction

The use of cardiac implantable electronic devices (CIED)
has increased exponentially over the past two decades.
According to data from the European Society of Cardiology
(ESC), more than 600 permanent pacemakers (PPM), 100
implantable cardioverter defibrillators (ICDs), and 75 cardiac
resynchronization therapy (CRT) devices are implanted per
million inhabitants every year!.

A growing body of evidence shows that patients with
progressive tricuspid regurgitation (TR) have a poorer
prognosis clinical scenarios, including left
heart failure, multivalvular disease®*, and after CIED lead
implantation®. Approximately one-third of patients referred
for treatment of severe secondary TR have a transvalvular
CIED lead implanted, which, in the majority of cases, is not
the direct cause of TR (CIED-associated) but may interact
during transcatheter tricuspid valve intervention (TTVI).
A small but significant subgroup, representing approximately
5-7% of patients with relevant TR, has suspected CIED-
related TR and requires specific diagnosis and management®’.

Both the electrophysiology and interventional cardiology
communities have been alerted to the complexity of decision-
making in practice when performing TTVI in patients with
pacemaker or defibrillator lead(s) crossing the tricuspid valve
(TV), due to potential interactions between the leads and
TTVI material, including the risk of jailing or damaging the
lead(s). At the same time, both communities are becoming
increasingly aware of the potential role of CIED leads in the
occurrence/ progression of TR.

Given the novelty of TTVI techniques, the European Heart
Rhythm Association (EHRA) and the European Association
of Percutaneous Cardiovascular Interventions (EAPCI) of
the ESC have mandated this Task Force to create a Scientific
highlighting the
evidence regarding the increasingly common clinical problem
of TTVI in patients with transvalvular CIED leads. The present
document is intended to serve as a basis for multidisciplinary
discussions between the different healthcare professionals
involved in decision-making for the management of patients
with CIED scheduled for or undergoing TTVL. It reviews the
potential interactions between CIED leads, TV and TTVI
materials focusing on the respective risks and benefits of lead
jailing and elective lead extraction. Finally, it addresses the
most common situations in clinical practice.

in various

Statement document current scientific

2. Interactions between transvalvular cardiac
implantable electronic devices leads and the
tricuspid valve

2.1. MECHANISMS

CIED-related TR is attributed to implantation-related,
pacing-related, and device-related mechanisms. The incidence
of TR worsening (by 1 or more grades) following CIED
implantation vary from 10 to 39%%’. Mechanisms are
multiple, including: (i) Perforation and laceration of the TV,
presumably occurring during direct introduction of the lead
into the right ventricle (RV) rather than ‘prolapsing’ the lead;
(i) Entanglement of the valve or the chordae, particularly
when using tined leads!'; (iii) Impingement on a leaflet (most
commonly the septal one)'?; and (iv) Chronic dyssynchronous
RV pacing, left ventricular dysfunction, and possibly RV

dilatation. New flail leaflet may rarely be observed after
implantation. Entanglement and impingement may later
translate into fibrous adhesions between the lead and the TV/
subvalvular apparatus (Figure 1 and Moving images), resulting
in valve dysfunction!®’. In addition, following transvenous
lead extraction (TLE), TR can be the consequence of
leaflet avulsion or chordal rupture. Finally, the presence of
a transvalvular lead may predispose to endocarditis, which in
turn can worsen TR™.

Procedural factors that impact the probability of valve
damage include lead tip configuration'>'¢, tined leads being
more likely to become entangled or entrapped in the chordae
tendinae, and valve crossing technique. Prolapsing may

Leaflet perforation

Subvalvular
damage/entanglement

NY

Leaflet impingement

N

Figure 1. Mechanisms of interaction between CIED lead and
the tricuspid valve. (A) Example of leaflet perforation with the
CIED lead piercing the septal leaflet (within the circle) and
impairing its mobility. (B) Example of subvalvular apparatus

damage during CIED lead positioning causing a flail septal
leaflet (indicated by the arrow) due to chordal rupture and
severe eccentric TR. (C ) Example of impingement of the
septal leaflet through a CIED lead (indicated by the arrow),
limiting its systolic mobility and causing severe TR. A, anterior
leaflet of the tricuspid valve; CIED, cardiac implantable
electronic device; P, posterior leaflet of the tricuspid valve; RA,
right atrium; RV, right ventricle; S, septal leaflet of the tricuspid
valve; TR, tricuspid regurgitation.
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reduce the risk of perforation compared with ‘direct crossing’
because of less head on trauma to the TV leaflets and sub-
valvular apparatus'’. Technical factors include the number,
thickness, stiffness, and course of the lead across the valve.

2.2. ROLE OF TYPE OF LEAD, POSITION, AND PACING MODE
Studies failed to show clear differences between PPM and
ICD leads regarding TV dysfunction despite the higher weight
and rigidity of ICD leads'®?°. Single-chamber RV pacing has
been associated with TR progression'#?'-2, presumably due to
changes in RV geometry?, a risk that may be mitigated by the use
of His bundle pacing®. Although investigated in a small patient
population, His bundle pacing might reduce TR?, which has not
been observed with left bundle branch stimulation®®, especially
in the case of a basal lead position””. Even without direct
interaction with the TV leaflets, leadless cardiac pacemaker
(LCPM) implantation may not fully exclude the occurrence of
TR, which may be related to mechanical interference with the
subvalvular apparatus?® or to the pacing mode itself, as shown
in an observational study including 53 patients followed up
to 12 months®. However, a smaller study (N = 23) with
shorter observation period failed to show significant changes
in RV and TV structure, as well as their function 2 months
after LCPM implantation operating in the VVIR mode®.

2.3. DETECTION OF LEAD-RELATED TRICUSPID REGURGITATION
In CIED recipients, a pre-implant imaging assessment is
recommended by the 2021 ESC guidelines on cardiac pacing
and CRT?! and it may detect pre-existing TR and help refine
the pacing strategy according to TR grade. Although there is
no prospective scientific evidence to support this statement,
detailed echocardiographic assessment of TV function in the
weeks following CIED implantation should be encouraged to
diagnose acute damage or adverse interaction with the leaflets
or subvalvular apparatus® and to identify new-onset severe
TR that may benefit from early intervention. This applies in
particular to patients with technical or clinical risk factor(s)
contributing to TR development as summarized in Table 1.
Appropriate decisions regarding potential treatment and/
or subsequent follow-up may prevent the deterioration of
RV function and heart failure symptoms over the long term.
Baseline and follow-up information are also crucial, since
they will guide decisions in case a TTVI is considered.

3. Transcatheter tricuspid valve interventions
and potential lead issues
While open-heart surgery is the first-line option in low-risk
patients, the high mortality associated with TV surgery in
higher risk patients, mostly due to patient comorbidities, old
age, and late referral®®, has encouraged the development of
less invasive alternatives. Many TTVI procedures are still
under investigation and numbers are expected to increase due
to growing disease awareness and an ageing population.
Managing patients with CIED leads crossing the TV and
causing CIED-related TR, or associated with TR, is challenging
and warrants a thorough anatomic assessment before any
TTVI. The magnitude of the problem is underscored by the
consistently high number of patients with CIED reported
in published studies, ranging from 11.8 to 36% (Table 2),
even though CIED leads crossing the TV may limit the

Eurolntervention 2025;21:1317-1337 ¢ Jean-Claude Deharo et al.

Table 1. Risk factors for the development of significant tricuspid
regurgitation in cardiac implantable electronic device recipients.

Technical factors: directly related to CIED lead(s)

Lead placement technique (prolapsing vs. direct crossing)
TV passage angle and leaflet interaction3?

Multiple leads crossing the tricuspid valve33
Clinical factors associated with TR development: no direct

relationship with current CIED lead(s)
High burden of RV pacing (>90%)%
Permanent AF3*

Pre- and post-capillary pulmonary hypertension3*
RV dilatation3*

Previous cardiac surgery on left heart valves3*
Previous transvenous lead extraction®®

AF, atrial fibrillation; CIED, cardiac implantable electronic device; RV, right
ventricle; TR, tricuspid regurgitation; TV, tricuspid valve.

feasibility of transcatheter repair, particularly when the lead
is interacting with the valve leaflets****<2, There are currently
four commercially available transcatheter therapies for TR
treatment. Potential interactions of these therapies with CIED
leads are illustrated in Figure 2 and Figure 3.

(1) Transcatheter edge-to-edge repair (TEER): In analogy to
its counterpart for the mitral valve, TEER aims to correct TR
through leaflet approximation of the TV leaflets. Increasing
evidence confirms the safety of tricuspid TEER and its efficacy
to reduce TR using the two approved platforms, PASCAL*
and TriClip®! (Figure 2A). A recently published randomized
controlled trial (TRILUMINATE) showed that tricuspid TEER
using the TriClip system significantly improves quality of life
and reduces heart failure hospitalizations at 2 years compared
with medical therapy alone. However, no significant change in
terms of mortality was observed*’. Further research is certainly
needed, as this study was designed to include patients with
favourable anatomic criteria for tricuspid TEER who appear
to have less advanced disease than those included in other
commercial and study cohorts®®. Approximately 20-30% of
TEER procedures are performed in the presence of a CIED
lead crossing the TV3*. There are two main scenarios*:

(a) The lead is an innocent bystander without a causative role
in TR. In this scenario, the lead is usually far from the grasping
zone and does not hamper leaflet coaptation and motion.
Interaction with the lead during valve intervention is usually
minimal and does not add risk of device detachment or damage.

(b) The lead has a causative role in TR. In this scenario,
comprehensive imaging assessment is required to determine
whether the lead is attached or fused to a valve leaflet. In case
of intact lead mobility, TEER is likely to be successful and
often implies displacing and/or fixing the lead into one of the
commissures or between two clips (Figure 3).

Irrespective of the strategy adopted, a too close interaction
of any TEER catheter and a CIED lead should be avoided, in
particular when the grippers are in open position. Penetration
of the exposed grasping teeth into the lead coating may
result in a potentially irreversible entanglement in addition
to possible damage to the lead. Valve recrossing can be
challenging depending on the number and location of the
implants and necessitate echocardiographic guiding.



Tahle 2. Summary of published studies on transcatheter tricuspid valve interventions in patients with CIED leads.

Study

reference

FORMA®’

T-TEER in CIED
patients3®

GATE®®

CAVI (Sapien)*°

VIVID Valve in
valve registry*!

TriValve*?

TRI-REPAIR*

PASTE*

1-year FU with
EVOQUE
system
(compassionate
use)*

TRISCEND [46

TRICENTO

TRILUMINATE
single arm*®

TRILUMINATE
RCT#

Patients with

Patients
N) transvenous
leads (N)
19 3
102 33
5 1
25 9
128 with
CIED 58 with
transvenous
329 leads 31 with
leads crossing
the TV
470 121
30 4
235 72
27 9
176 57
3+1
extracted
21 before and
implanted
with a Micra
98 14
175 (170
received 28
the device)

System used
for TTVI

FORMA

MitraClip

NaviGate
system

Sapien Single

caval (IVC), N

= 19 Bicaval,
N=6

Sapien
Melody Valve
in previous
surgical valve
repair

MitraClip
(87%) CAVI
FORMA
Cardioband
NaviGate
Pascal

Cardioband

PASCAL

EVOQUE

EVOQUE

Bicaval stent

TriClip

TriClip

No

No

3 before

No

No

No

No

No
(1 before)

Patients with

jailed leads
(N)

None

12/33 clips
close to RV
lead

Unknown
(BiCaval +
PPM
unknown)

28

Not reported

Not reported

Not reported

57

Not reported

Not reported

Lead
complications

No issues
reported

Slight increase
in thresholds (1
RA, 1 LV, 1 RV)

No change in
threshold (died
day 28)

No issue
reported

Dislodgement: 1
Impedance and
threshold
increase: 1
Fracture M7: 1

No
dislodgement
No dysfunction

No issue
reported

No lead issue
reported; half of
the SLDA
occurred in
patients with
leads

No
dislodgement
No dysfunction

No information

No issue
reported

No issue
reported

No issue
reported

New
Conduction
disturbance

None reported

None reported

1 temporary
PPM and no
definitive one

None reported

None reported

None reported

Conduction
system
disturbance: 2

None reported

-2 new PPM
< day 3 -1 new
PPM day 31

15 patients
(13.3% of
CIED-naive
patients)
required new
pacemaker
implantation

None reported

2 patients
received a new
pacemaker
within 3 years

Not precisely
reported (5 new
CIEDs at
1 year)

Mean
32 months
(24— 36)

1 day
(0-188 days)

3-6 months

316
+ 453 days

Median
15.1 months

Median
7 months
(1.15-20.00)

2 years

Median
follow-up of
173 days

379 days
(197-468)

1 year

1 year

3 years

12 months
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Figure 2. Contemporary transcatheter treatment methods of tricuspid regurgitation and their interaction with CIED leads. (A)
Transcatheter edge-to-edge repair; (B) Direct annuloplasty; (C ) Transcatheter tricuspid valve replacement; (D) Heterotopic

CAVI in both venae cavae.

(2) Direct percutaneous annuloplasty: This procedure
replicates the prosthetic surgical annuloplasty that addresses
annular dilatation occurring in functional TR*. The
Cardioband system has shown effective and durable TR
reduction, along with substantial symptomatic improvement®
(Figure 2B). Combination with TEER may be needed to optimize
TR reduction in patients with advanced disease or those with
a persisting pseudo-prolapse. However, annuloplasty can be
challenging in the presence of a lead close to the postero-septal
or antero-septal area due to problematic visualization during
the implant and lead jailing is occasionally unavoidable. This
needs to be evaluated carefully since, in addition to lead
injury, fixed leaflet impingement leading to TR worsening
is sometimes observed. Lead insertion or extraction (if not
jailed) after transcatheter annuloplasty is doable.

(3) Transcatheter tricuspid valve replacement (TTVR):
This procedure aims to address TR through positioning of
a transcatheter valve delivered from the femoral or jugular
vein (Figure 2C). In the TRISCEND II randomized controlled
study investigating the EVOQUE system, 38.2% of the
patients treated with TTVR had a CIED lead at baseline®.
A new pacemaker (mainly LCPM) was implanted in 27.8%
of the pacemaker-naive patients within 1 year (17.4% of the
whole cohort) after the procedure. In the presence of a pre-
existing lead across the TV, the CIED is jailed between the
annulus tissue and the self-expanding bioprosthesis precluding
the option of subsequent lead extraction.

(4) Caval implantation (CAVI): Caval
implantation represents a symptomatic treatment option for
patients who cannot undergo valve repair or replacement.
The goal of this therapy is to mitigate the consequences of
TR backflow, improve renal congestion, and better control
volume overload (Figure 2D). Beside positive effects on
symptoms, reverse RV remodelling has been observed in
a prospective observational study. Approximately 22%
of patients who receive CAVI have a CIED. Although the
presence of leads does usually not mitigate the effectiveness
of CAVI, it creates extensive entrapment in the superior vena

valve valve

Eurolntervention 2025;21:1317-1337 ¢ Jean-Claude Deharo et al.

cava of all intracardiac leads and (atrial) lead dislocation
has been described®”. Moreover, the presence of a valve that
covers the brachiocephalic vein confluence may limit repeat
lead implantation.

4. Potential risks due to lead jailing and device-
lead interaction after transcatheter tricuspid
valve intervention

The survival of patients with pre-existing CIED systems
continues to improve, and the prevalence of both lead-related
and lead-associated secondary TR will continue to rise’.
This implies that the number of jailed leads is also expected
to increase in the near future. The incidence of lead jailing
during TTVI varies from 0 to 33% (Table 2). Although major
mechanical or electrical lead dysfunction has been rarely
reported, the long-term risk has not been evaluated and is
largely unknown. Importantly, no details regarding CIED,
including pacing-dependency, lead type or defibrillation
coils and indications for CIED therapy, are available in the
majority of the studies (Table 2).

In a large dataset of 329 patients undergoing tricuspid
valve-in-valve or valve-in-ring procedures*, a lead
complication rate of 10.7% was observed over a median
follow-up of 15.2 months in 28 patients who had jailed
leads. Importantly, these patients had their lead jailed
between two metallic structures (surgical valve or ring and
the stent frame of the newly implanted transcatheter heart
valve) and not between metal and tissue as it is the case
for TTVI performed in native valves or CAVL In the largest
registry series of patients undergoing TEER, there were no
reports of lead damage during short-term follow-up (median
6.2 months), although very limited information on lead type
and function is available®®. In a small number of patients
treated with transcatheter TV annuloplasty, no adverse
events related to jailed leads were reported®. At 1 year, no
CIED-related complications were described in 9 patients
with pre-existing CIED leads who underwent bicaval valve
implantation®’.



Figure 3. Examples of interactions between tricuspid devices and CIED lead. (A-B) Implantation of 2 TriClips (*antero-septal
coaptation line; * *postero-septal coaptation line) with PM lead in-between (arrow); (C ) Jailed PM lead after direct annuloplasty
using the Edwards Cardioband system; (D-F ) Interaction between the Lux valve and a jailed CIED RV lead as seen using
echocardiography-fluoroscopy fusion imaging (D) and computed tomogram (E-F ).

The risks associated with CIED lead jailing are
summarized in Figure 4. The overall risk of lead damage
in this context remains unclear and is potentially related to
the lead composition, dwell time and location, as well as
the properties of the valve deployed. Transvenous leads are

exposed to considerable mechanical and biological stressors
within the vascular space, and any tricuspid prostheses
jailing them is expected to have additional impact on
subsequent lead performance. Lead dislodgement or damage
may necessitate revision or replacement, which increases the
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risk of venous occlusion, as well as infection. Extraction of
jailed lead may not be feasible®®. The reported rate of mid-
term dysfunction is not negligible prompting careful patient
and device evaluation before considering lead jailing. This
includes patients with complete pacemaker dependency or
prior use of ICD for treatment of arrhythmias, as well as
those with previous CIED infection. In these situations,
if doable, lead extraction may be preferred to avoid lead
jailing (Figure 5).

Only limited short-term lead safety data exists on leads
jailed by stents in both the innominate vein and superior vena
cava®!2, Case reports for both scenarios have been published
at this early stage. Some report lead failure at 2 weeks®,
others freedom from failure at 1 year®.

Another major concern is the risk of infection with need
of lead extraction. The risk of CIED infection increases
with re-interventions on the device, from around 1% after
the first CIED implantation, and approximately doubling
with each additional re-intervention®. Other risk factors for
CIED infection are listed in Table 3. Cardiac implantable
electronic devices infections are associated with increased
mortality®®. The number of CIED-infections is expected
to increase with the growing pool of CIED-patients and
the presence of TTVI material interacting with an infected

Impossibility of
future TLE

(high risk of device
dislodgement and/or TV
damage)

Lead dislocation or
displacement
(with possible TR
worsening)

CIED to complicate treatment. The risk of endocarditis
associated with TTVI is not known and existing literature
is very limited. There is agreement that CIED infection is
best treated with complete CIED system removal®’, typically
including TLE. One case report presented successful TLE of
both a pacing and a defibrillator lead jailed around a surgical
tricuspid bioprosthesis in a patient with CIED pocket
infection®®. However, both leads could be extracted without
passing the TV with the extraction sheath. In another case
of CIED pocket infection in a patient after TTVR, extraction
of the jailed ICD lead was not attempted due to the risk of
dislodging and embolizing the bioprosthesis®. We found no
published reports on patients with indwelling RV pacing or
defibrillator lead(s) who had received TEER and afterwards
developed CIED infection with need for TLE.

Jailed leads often have long dwell-time and are adherent
to the TV leaflets. Percutaneous extraction of jailed leads
therefore carries a risk of TV laceration or damage and
likely new TR in patients treated with TEER, as well as valve
dislodgement after TTVR. There is no literature concerning
the risk of TV endocarditis after TTVI in patients with CIED-
infection. Case reports indicate that mitral valve endocarditis
after transcatheter mitral valve repair has a deleterious
prognosis, is best treated by surgery, whereas frequently the

Lead dysfunction due to

mechanical stressors

More complex
‘treatment of potential

<*,," , CIED infection
-P.,I ’ 5
-ty ka'.a

Lo %o
@l
2

Peridevice leakage or
malaposition

Figure 4. Main risks associated with lead jailing during transcatheter tricuspid valve interventions. CIED, cardiac implantable
electronic device; ICD, implantable cardiac defibrillator; TLE, transvenous lead extraction; TR, tricuspid regurgitation; TTVI,

transcatheter tricuspid valve intervention; TV, tricuspid valve.

Eurolntervention 2025;21:1317-1337 ¢ Jean-Claude Deharo et al.



alternative of long-lasting antibiotics must be chosen”"!,
Similarly, extensive valve surgery may not be appropriate
in elderly patients undergoing TTVI who will need to be
managed conservatively.

5. Risks and benefits of transvenous lead
extraction

Lead extraction needs to be carefully evaluated during the
planning of TTVI through a multidisciplinary discussion
taking into account individual risks of transvenous lead
extraction (TLE) and a thorough evaluation of the mechanism
and the anatomic relationship between the lead and the

valve®72,

5.1. RISKS OF TRANSVENOUS LEAD EXTRACTION

TLE has evolved during the last 20 years and updated
consensus documents with well-defined indications, definitions
and outcomes are available”7*. It represents the cornerstone

PM dependency

ICD with previous therapy

Multiple CIED leads crossing the TV

Previous CIED infection
Multiple risk factors for CIED infection*

High lead tension (low slack) and/or
leaflet impingement (in case of direct annuloplasty)

of the management of infected and malfunctioning CIED
leads”>””. European Heart Rhythm Association surveys’®
and the ELECTRa (European Lead Extraction Controlled)
Registry (N = 3510)” provided a snapshot of the clinical
practices and physicians’ attitudes towards TLE in Europe.
Despite the development of different techniques®® and
approaches®*®, TLE rarely leads to major complications
(1.7%) and death (0.5%)%4. Patient-related (age, sex,
comorbidities, indications)®>'%° and lead-related factors (dwell
time, lead and insulator type, design, fixation mechanisms,
coil technologies,) may be associated with different risk
profiles (Table 4)!°-111, The factors with the highest risk are,
in decreasing order, female sex, the number of leads to be
extracted, the presence of coagulopathy, limited operator or
centre experience, and low body mass index. A relationship
has been suggested between operator and centre volumes
and outcomes''>''3, Educational pathways”'"* have been
advocated in order to minimize TLE related complications.

Figure 5. A proposal to assist multidisciplinary discussion: red and orange flags for lead jailing—in these situations transvenous lead

extraction requires careful multidisciplinary discussion before TTVI. (*see Table 3). CIED, cardiac implantable electronic device;
ICD, implantable cardiac defibrillator; PM, pacemaker; TTVI, Transcatheter tricuspid valve intervention; TV, tricuspid valve.
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Procedure-related major complications including death were
more frequent in women, in case of a dwell time >10 years
and when powered sheaths or a femoral approach was used
for TLE.

Several TLE risk stratification tools have been published so
far but none is routinely used in clinical practice!''?°. These
scores show that the lead dwell time (>10 or 15 years for
pacemaker leads and >5 or 10 years for defibrillator leads)
and their number (increased risk for each lead beyond one)
contribute most to the procedural risk. Machine learning may
have an incremental value to predict adverse events, but has
yet to be applied on large scale populations!”.

Age has been reported as a factor increasing the risk of
complication during TLE, but this factor alone should not
be considered a strict exclusion criteria. Indeed, according to
a meta-analysis, octogenarians who are the main candidates
for TTVI do not seem to have significantly higher mortality
and major complications during or after TLE (RR 1.40 and
1.43, respectively, both not statistically significant)'?!. On the
other hand, severe left ventricular dysfunction or advanced
heart failure increase the risk of complications (by a factor of
2) and the risk of 30-day mortality (by a factor of 1.3-8.5)".

5.2. RISKS OF TRICUSPID VALVE DAMAGE DUE TO LEAD
EXTRACTION

TLE is associated with a significant increase in the severity of
TR in 3.5- 15% of the cases®*'2>128_ which is likely explained
by adherences between the leads and the TV apparatus'”.
This complication can occur irrespective of the type of the
tools used for extraction (passive or mechanical sheath) and
is usually due to a new flail leaflet'. The most important
risk factors for worsening TR following TLE were longer lead
dwell time and multiple leads crossing the TV. The use of
several tools in the same patient has also been suggested as
a potential cause, but is probably linked to the age of the
lead and the complexity of adhesions. The medium-term
prognosis of patients exposed to traumatic TR was shown
to be changed, with new right-sided heart failure symptoms
in a study of 208 patients'?, while it was not the case in
another smaller study'?. The risk of damaging the valvular/
subvalvular tricuspid apparatus should be taken into
consideration when planning TLE before TTVIL. A traumatic
lesion of the TV could compromise the effectiveness of
subsequent TTVI or even render the patient unsuitable for
any transcatheter treatment. It is therefore crucial to carefully
reassess patients after TLE to confirm the feasibility of TTVI
and the most adequate technique to use. As it is not possible
to anticipate all technical difficulties, a TLE procedure may
be interrupted if a risk of a serious TV damage is detected.

5.3. LEAD EXTRACTION TO REDUCE TRICUSPID
REGURGITATION OR PREVENT JAILING

There is limited information on the use of TLE alone as
a treatment of chronic lead-related TR. Polewczyk et al.'*
studied the effect of TLE in 119 patients with lead-related TR,
which improved in only 35%. Results were similar in another
1317 and are even worse when there is coexisting TV
annulus dilatation. In this respect, it makes sense that early
detection of lead-related TR could allow TLE to be considered
before annulus dilatation and extensive fibrosis occur.

series
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For the indication of TLE, the exact mechanism of valve
dysfunction must be analysed by 3D TEE and potentially
CT13213" which also provide information regarding TLE
access, in particular the presence of lead fibrosis and vein
stenosis'?>!3*, In the presence of acute TV dysfunction due
to leaflet impingement after CIED implantation, timely TLE

Table 3. Risk factors for cardiac implantable electronic device
lead infection.

Risk factors for CIED lead infection ordered from highest to

lowest reported risk in each section (adapted from Blomstrom
Lundqvist et al, Europace 2020)%°
Patient-related factors

End stage renal disease
History of CIED infection
Fever prior to implant
Corticosteroid use

Renal failure

Chronic obstructive pulmonary disease
NYHA > 2

Skin disorders
Malignancy

Diabetes mellitus
Heparin bridging
Chronic heart failure
Oral anticoagulants
Device-related factors
Abdominal pocket

>2 leads

Dual chamber device

CIED, cardiac implantable electronic device; NYHA, New York Heart
Association

Table 4. Risk factors for severe transvenous lead extraction
complication.

al, Europace 201272 and Kusumoto et al. Heart Rhythm 20177°
Patient-related factors
Low body mass index (<25 kg/m?)

Female sex

Comorbidities, age, poor LV function, renal failure, coagulopathy,
large vegetations

Occluded or severely stenosed venous access
Congenital heart disease with complex cardiac anatomy
Prior cardiac surgery lowers the risk of complications
Technical factors

Number of leads present or extracted

Passive fixation mechanism

Lead body geometry (non-isodiametric)

ICD lead

Dwell time greater than 1 year
Special/damaged/deficient leads

Limited operator and centre experience

LV, left ventricle; TLE, transvenous lead extraction; ICD, implantable
cardioverter defibrillator



(within 6 months) seems appropriate in order to minimize the
risk of complication and avoid leaflet scarring.

When a lead is anticipated to prevent effective repair
with TEER, a multidisciplinary discussion should take place
considering the risk and benefits of TLE to facilitate TEER.
In cases of TTVR, TLE combined with valve sparing lead
implantation, or rarely transvalvular implantation through
the new valve, should be weighed against the potential risks
associated with lead jailing. Given the uncertainties regarding
long-term consequences of jailing, lead extraction should also be
discussed before stent placement in the superior vena cava’!3,

6. Valve-sparing pacing and implantable
cardioverter-defibrillator strategies

Valve-sparing alternative pacing strategies have been proposed
to mitigate lead-related TR and minimize interaction with
implanted tricuspid devices (Table 5)'*¢. Since many patients
undergoing TTVI have chronic atrial fibrillation, atrial
pacing plays a limited role. Options for long-term ventricular
pacing include coronary sinus pacing, surgical epicardial
lead placement, LCPM implantation. Coronary sinus pacing
presents an appealing option as it avoids valve disturbances.
However, challenges such as lead instability, phrenic nerve
capture, and high capture thresholds limit its widespread

adoption'”’. For safety, particularly in pacemaker-dependent
patients, it may be appropriate to implant two leads in the
coronary sinus and use quadripolar lead(s) (see Figure 6).

Table 5. Alternative pacing and implantable cardioverter
defibrillator strategy in case of percutaneous tricuspid valve
intervention.

Pacemaker alternatives ICD alternatives

Ventricular pacing through _ ep™™
coronary sinus Subcutaneous-ICD (S-ICD™)

Epicardial pacing: may allow for

- - ™
dual chamber pacing or CRT Subcutaneolis-ICD (S-ICD™)

Leadless pacing (Micra™ or
Aveir™): may allow for AV
synchrony (Micra AV™) or dual
chamber pacing (Aveir DR™)

S-ICD + leadless RV device for
ATP and pacing (Empower™)

Left ventricular leadless pacing et LDl Jeed el

(WISE.CRT™) Associated with in the middle cardiac vein or
Micra™ or Aveir™: allows for CrEES VS BTGl PECCERTES (Rt
CRT ’ in a coronary sinus branch

(DF-1/IS-1 connection)

CRT, cardiac resynchronization therapy; AV, atrio-ventricular; ICD,
implantable cardioverter defibrillator; S-ICD, subcutaneous implantable
cardioverter defibrillator; RV, right ventricle; ATP, antitachycardia pacing.

Symptomatic severe TR in a patient at increased surgical risk
with a CIED lead crossing the TV

l

Assess mechanism using TTE and 3D TEE
(and optional cardiac CT)

Device indication and use*

l

Heart Team discussion

l

li YES

Preferred option: no lead jailing

!
_‘

Anatomy suitable
for TEER
TLE & valve-sparing
pacing/ICD strategy

YES —

Followed by TTVR or
annuloplasty

Red/orange flag(s) for lead jailing?** NO |

Lead jailing vs. TLE risk/benefit assessment

’— YES Low TLE risk? NO —|

| TTVI with RV lead jailing
TLE & valve-sparing

pacing/ICD strategy
(except for TEER)

Followed by TTVR or
annuloplasty

Figure 6. Proposed algorithm for the management of TTVI candidates with symptomatic severe TR and a CIED lead crossing
the TV. *Perform device interrogation and record underlying beart rhythm, paced/sensed event counters, arrhythmia history,
battery and lead information (see also Table 6). **Red/orange flag(s) for lead jailing? PM dependency, ICD with previous
therapy, multiple CIED leads crossing the TV, previous CIED infection, multiple risk factors for CIED infection, high lead
tension (low slack) and/or leaflet impingement (in case of direct annuloplasty) (see also Figure 5). CIED, cardiac implantable
electronic device; ICD, implantable cardiac defibrillator; RV, right ventricle; TLE, transvenous lead extraction; TR, tricuspid
regurgitation; T-TEER, tricuspid transcatheter edge-to-edge repair; TTVI, transcatheter tricuspid valve intervention; TTVR,

transcatheter tricuspid valve replacement; TV, tricuspid valve.
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Epicardial lead placement also avoids damage to endocardial
structures but necessitates surgical access to the pericardium,
which might be difficult in patients indicated for TTVL In
addition, it exhibits higher lead failure rates and often poorer
electrical parameters for pacing/sensing compared with
conventional transvenous leads and is often not ideal in case
of previous heart surgery. Commercially available LCPM
systems have low procedural and post-operative complication
rates and can also be applied after TTVR (Figure 6). Although
unlikely, LCPM implantation does not necessarily exclude the
apparition of TV dysfunction®, in particular when implanted
in septal position near the tricuspid valve annulus?. In an
observational study of 54 patients receiving a LCPM, Arps
et al.’®® found no alteration in TV function before and
after implantation. In a small randomized study, Garweg et
al.’¥ compared 27 patients implanted with a Micra™ LCPM
(Medtronic Inc., Minneapolis, MN, USA) to 24 other patients
implanted with a conventional VVIR pacemaker and found
no significant difference in TR between the two systems.
Similarly, in a series of 23 patients implanted with a Micra™
VR or a Nanostim™ LCPM (Abbott Medical, Chicago, IL,
USA), Salaun and colleagues reported no interaction of the
devices with TV or RV function or anatomy®’. Implanting
physicians should be aware of potential interactions between
RV LCPM and the material used for TTVI and adapt their
implantation technique. A recent small series of patients
implanted with LCPM following transcatheter or surgical
TV repair or replacement confirms the feasibility and
safety of such an approach. It also provides some technical
guidance using fluoroscopic landmarks to implant the device
at a site distant from the TV apparatus'*. In case of the
necessity of resynchronization, a total leadless CRT can be
delivered with a combination of Micra™ or Aveir™ (Abbott
Medical, Chicago, IL, USA) and WiSE-CRT™ (EBR Systems,
Sunnyvale, CA, USA) systems'*!,

His bundle pacing is another option, enabling a more
physiologic electromechanical activation of the ventricles.
Studies have shown no alteration of TV function with
even TR reduction in some cases*. However, interactions
with the TV cannot be ruled out with this technique and
implantation may be difficult in case of previous TTVI.
Additionally, His bundle pacing leads can be impacted by
mechanical disturbances to the conduction system potentially
caused by TTVR and will have to be monitored intra- and
post-operatively. TV crossing to achieve left bundle branch
area (LBBA) pacing (rather than conventional pacing) is an
acceptable option in patients with high pacing need or those
with reduced LVEF requiring resynchronization. Careful
implantation (possibly under echocardiographic guidance)
with assessment of valve function may help to overcome
the challenges associated with this technique after TTVI'*2.
In the future, LCPM allowing for LBBA pacing may become
available. A very limited experience has been reported with
the WiSE CRT system, which was not entirely leadless'®.

If an ICD is necessary, a subcutaneous (S-ICD) or extra-
vascular ICD (EV-ICD) are good options. The S-ICD can
also be associated with the Empower™ Leadless pacemaker
(Boston Scientific, St. Paul, MN, USA), designed to be paired
with the S-ICD to provide pacing or ATP therapies at the
time they are needed'**. However, this system is currently
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not commercially available. Transvenous ICD lead placement
alternatives exist, including positioning of the defibrillation
coil in the middle cardiac vein of the coronary sinus or in the
azygos vein, and a coronary sinus lead for sensing and pacing
in a coronary sinus branch.

Ideally, the options of valve-sparing pacing and ICD
therapy should be discussed in CIED candidates with
relevant TR who may benefit from TTVI in the future. In
these patients, the Heart Team discussion will help selecting
the best pacing strategy to avoid leads crossing the TV
(i.e. ventricular pacing with a leadless pacemaker or with
lead(s) in the coronary sinus branches, subcutaneous, or
extravascular ICD therapy).

It is reasonable to schedule pacing system interventions
such as generator replacement, lead revision, or upgrade
procedures prior to the planned TTVI to reduce the risk of
infection.

7. Lead management in cardiac implantable
electronic devices patients with planned
transcatheter tricuspid valve intervention

All CIED patients with transvalvular leads who are planned for
TTVI should undergo evaluation by a Heart Team® consisting of
a cardiologist with dedicated TTVI expertise, a cardiac surgeon,
aleadextraction specialistand a cardiacimaging specialist (Figure 7).
The goal of the discussion is to answer the following questions:

(1) What is the aetiology of the valvular pathology? Is it
lead-related?

(2) What is the risk associated with lead jailing depending
on lead characteristics and use? Does the planned TTVI
require prior TLE to facilitate the procedure and/or avoid
lead jailing and what are the risks of such a TLE?

(3) Is there a need for urgent temporary pacing during the
procedure?

(4) What are the options for valve-sparing pacing and ICD
therapy?

Since TLE may be associated with damage to the leaflets
or the sub-valvular apparatus of the TV, as well as serious
disabling or life-threatening complications, multidisciplinary
evaluation has to integrate a thorough risk-benefit-analysis
taking into account life-expectancy, co-morbidities and
valvular pathology of the individual patient.

In summary, the Heart Team should carefully weigh the
risks and benefits of TLE. Examples of scenarios favouring
TLE include patients with leads implanted for less than
10 years and those in whom advanced imaging has clearly
demonstrated a lead-related TR mechanism.

7.1. ASSESS TR AETIOLOGY AND SUITABILITY FOR
TRANCATHETER TRICUSPID VALVE INTERVENTION
Assessment of the mechanism of TR is essential in all patients
considered for TTVI. This should be done using transthoracic
and transoesophageal echocardiography in 2D and 3D modes,
and CT if necessary.

A recent classification proposes a distinct aetiology
group for patients with CIED-related TR, in addition to
the traditional functional/ secondary and organic/primary
TR categories’*'*. However, determining whether TR is
related to a CIED lead can be challenging. Advanced imaging
techniques, such as 3D echocardiography and multiplanar



reconstructions, help to assess lead position, trajectory and
interactions with anatomical structures in real time (Figure 1
and Moving images)'“>'“7, In advanced stages, differentiation
between lead-related and lead-associated TR may be difficult
due to RV remodelling. Cardiac CT, with its higher spatial
resolution, can help diagnosing lead-leaflet interaction,
measuring the annulus, assessing adjacent structures (e.g.
right coronary artery) and anticipating the need for lead
jailing!. Although less relevant for TEER', it is mandatory
for the evaluation of valve replacement and annuloplasty.

In addition, itis critical to report the number and exact location
of CIED leads, as this may influence the treatment strategy.

7.2. ASSESS CARDIAC IMPLANTABLE ELECTRONIC DEVICES
FUNCTION BEFORE THE PROCEDURE

In a patient with a pacemaker or ICD lead, the main risks
during TTVR are damaging the lead(s) mainly the ventricular
one passing through the TV or dislodgment of the lead(s)
related to the catheter manipulation. Damage of the leads
may also occur late after the intervention.

Before any TTVI, complete details of the implanted system
must be available (Figure 7). For ICD, the type and frequency
of therapy use should be recorded. Figure 5 highlights the two
main periprocedural concerns: pacemaker dependency and the
presence of an ICD with prior therapy. In case of full pacemaker

Figure 7. Example of valve-sparing implantation techniques after transcatheter tricuspid valve interventions. (A) Implantation of
a LCPM after TTVR with delivery tool crossing the transcatheter transjugular LUX valve system (RAQ). (B) Definitive position
of the LCPM in the same case (not shown in this LAO projection, the LCPM is implanted away from the LUX valve system).
(C) A pacing lead implanted in a coronary sinus branch after TEER. (D) Two pacing leads implanted in two distinct coronary
sinus branches (PPM-dependent patient) after TTVR with the LUX valve system. LAO, left anterior oblique view; LCPM,
leadless cardiac pacemaker; RAQO, right anterior oblique view; TEER, transcatheter edge-to-edge repair; TTVR, transcatheter

tricuspid valve replacement.
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dependency, an asynchronous mode can be programmed just
before the intervention to avoid sensing interferences. The need
for temporary pacing should be anticipated (see specific section).

Reassessment of the electrical parameters has to be
performed immediately after the procedure, and compared
with the pre-operative measurements to detect potential
lead(s) dysfunction.

Ideally, as the damage of the leads may occur late after
the intervention (even if the probability is largely unknown),
a remote monitoring follow-up is the preferred option to
detect late lead dysfunction.

7.3. EVALUATE THE NEED FOR (URGENT) TEMPORARY
PACING DURING TRANSCATHETER TRICUSPID VALVE
INTERVENTION

Based on device interrogation, in particular if the patient is
pacing dependent (i.e. has inadequate or even absent intrinsic
rhythm and therefore can suffer significant symptoms or
cardiac arrest after cessation of pacing) the risks of lead
dislodgement or damage during TTVI should be carefully
anticipated'*°. In general, it seems reasonable to ensure the
stability of electrical parameters after CIED implantation
whenever possible, if TTVI is planned.

After TTVI, new conduction disturbances have been
reported (Table 2) and are much more frequent after valve
replacement®. Therefore, risk anticipation and preventive
measures need to be integrated into pre-procedural planning.

In patients considered high risk, i.e. those who are
pacemaker-dependent or may become pacemaker-dependent,
the interventional team should be prepared to install preventive
or bailout temporary pacing strategies that preferably do not
cross the TV. This includes preemptive coronary sinus lead
placement, as well as emergency pacing options like LV or RV
wire pacing®. RV temporary pacing leads should be avoided
during TTVR, since lead positioning and retrieval can be
challenging. In case of temporary pacing failure, transient
patch pacing may be required, but can be generally avoided
with adequate planning.

8. Management of a patient with a jailed lead
8.1. ORGANIZE MULTIDISCIPLINARY FOLLOW-UP (INFORM
PATIENT AND CAREGIVERS)

All CIED patients with jailed lead(s) after TTVI should be
evaluated by an electrophysiologist with specific cardiac
device expertise, in addition to the interventional cardiologist
with TTVI expertise. The multidisciplinary follow-up should
focus on:

(1) The TTVI material jailing the lead(s), including all
details of potential interactions between this material and the
implanted lead(s)

(2) The indication for CIED implantation and the current
underlying cardiac rhythm (i.e. pacemaker dependence or
not) and device use (percentage of pacing in each cavity and
previous arrhythmia and therapy delivered by the device in
the case of an ICD).

The team in charge of the follow-up should ensure that
the patient and his caregivers are properly informed about
potential lead failure” and/or device infection®. Due to the
risks associated with CIED infection, all CIED procedures
should be performed using all available preventive measures®’.
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Appropriate follow-up of the CIED and TTVI devices should
be planned (see following section) with particular attention
to signs of lead failure and interactions between the TTVI
material and lead(s) (Figure 8).

8.2. PLANNING FOR CARDIAC IMPLANTABLE ELECTRONIC
DEVICES FOLLOW-UP
An immediate peri-procedural interrogation of the CIED is
indicated to detect damage to hardware (Table 6). The 2021
ESC guidelines on earlier detection of technical issues in
pacemaker and CRT patients, particularly those at increased
risk®!. The 2022 ESC guidelines for the management of patients
with ventricular arrhythmias and the prevention of sudden
cardiac death recommend remote monitoring also for patients
with ICD to reduce inappropriate ICD-therapy'!. Follow-up
of a patient with jailed lead(s) is comparable to a patient
with a lead under alert/recall'®. In cases where acoustic or
vibration-based device alerts are available, they should be
activated, and patients instructed accordingly. If alerts and
remote follow-up are not available, frequent (every 3 months)
outpatient visits are required (Figure 8). Close follow-up is
especially relevant in cases of pacing or ICD dependency.
Regular echocardiographic exams are required to assess the
function of the repaired or replaced TV and whether the jailed
lead(s) may affect long-term treatment efficacy (Table 6).

8.3. MANAGEMENT AND TREATMENT OF DEVICE-RELATED
INFECTION

There is currently insufficient data to guide the management
of patients with infectious complications after TTVIL As
shown in Figure 8, in this highly concerning situation
therapeutic decisions should be taken in a multidisciplinary
way and rely on patient status and preferences, as well as
the type of infection, which may be limited to the pocket or
a bloodstream infection with lead or valve endocarditis.

As a first step, the extent of a desired treatment should be
defined according to the patient’s preference, especially since
the population qualifying for TTVI is elderly and at high
surgical risk with multiple co-morbidities (Figure 8).

With regard to the management of jailed leads in
patients with transcatheter TV devices, when TLE must be
performed due to infection, two different scenarios need to be
differentiated: infection without TV involvement vs. infection
with TV involvement (i.e. TV endocarditis).

In patients without signs of involvement of the TV device,
an approach with explantation of all parts of the system
including transvenous extraction of all leads including jailed
leads and preservation of the TV device may be attempted,
although challenging®®. In patients with infection involving the
TV, a curative treatment concept consists of surgical explant
of the TV device and surgical TV repair or replacement, as
well as CIED explant including extraction of all leads'.

In both scenarios, adequate antibiotic therapy is started and
maintained, ideally and if possible guided by infectious disease
specialists. If CIED reimplantation is needed, valve-sparing
reimplantation techniques should be preferred (Figure 8).

In patients deemed too frail or unwilling to undergo a TLE
attempt (likely a high proportion of the patients undergoing
TTVI), long-term suppressive antibiotic treatment can be
offered, considering the less favourable infectious prognosis



Patient with jailed lead(s) following TTVI

l

Inform patients and caregivers about:

- Risk of lead failure
- Sign of device infection
- Paced/sensed event counters

- Need for adequate follow-up of CIED system and TTVI device

’7 Multidisciplinary follow-up —|

CIED follow-up

- Remote follow-up

- Active patient device alerts

- Alternative: 3-month in-clinic visits
(in analogy to alert/recall)

|

Lead malfunction
Device upgrade

l .

TLE generally not feasible

L

Valve-sparing options for reimplant

LBB area pacing with TV crossing for

TTVI follow-up

Regular echocardiographic
assessment of valve and RV function

CIED or TTVI material infection

|

Patient operable?
=1 - Clinical status
- Informed patient preference

= YES

selected patients

Long-term suppressive
antibiotic therapy alone

Bloodstream infection
Lead or valve endocarditis

Isolated pocket infection

\ 4 v

TLE attempt* TLE attempt*

Consideration of valve
surgery with epicardial
reimplantation

VI material preservation

Valve-sparing method, if
reimplantation needed

Figure 8. Proposed algorithm for the management of patients with a jailed RV CIED lead. CIED, cardiac implantable electronic
device; LBB, left bundle branch; TTVR, transcatheter valve replacement; RV, right ventricle; TLE, transvenous lead extraction;

TTVI, transcatheter tricuspid valve intervention.

associated with such a strategy!'*3'%5. Local ultra-high dose
antibiotic administration has been proposed, but the Task
Force considers it investigational at this time!®.

8.4. MANAGEMENT OF MALFUNCTIONING JAILED LEADS
AND UPGRADE PROCEDURES

In case of lead malfunction, an electrophysiologist with
specific device expertise should take the most appropriate
decision, depending on patient clinical status and the
type of lead malfunction, most likely to replace the lead.
However, removal of jailed leads is generally not an option
and the reimplantation or upgrade (i.e. from conventional
pacing to CRT or to ICD therapy) should favour a valve-
sparing option (see specific section). For example, for CRT,
a coronary sinus lead is preferred to an LBBA pacing lead. For
defibrillation, extravascular or coronary sinus/azygous vein
options are preferred over endovascular RV defibrillation lead
implantation. In the event of vein occlusion and the need for
a new lead, venoplasty or implantation of a contralateral lead
is mandatory, as TLE is not an option to achieve vein patency.

Table 6. CIED follow-up in patients with TTVI and jailed leads.
Pacing threshold

Lead impedance

Sensing value

Pacing/sensing percentages

CIED interrogation ICD therapies

Oversensing issues

Risk of asystole due to pacing
inhibition

Risk of inappropriate ICD therapy

In case CIED interrogation shows
abnormalities

Function of the repaired or replaced TV

phy

CIED, cardiac implantable electronic device; ICD, implantable cardioverter
defibrillator; TV, tricuspid valve.

Fluoroscopy
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9. Conclusion

This scientific statement document emphasizes the importance
of the Heart Team management and decision-making of
TTVI candidates for the treatment of symptomatic severe
TR and a lead crossing the TV. Specific scientific data on
lead dysfunction, infectious risk and durability of outcomes
after TTVI are still scarce and could be improved through
dedicated registries. However, “red flags” that may indicate
a higher risk of adverse events following lead jailing need
to be considered in pre-interventional discussions and
alternatives evaluated. TLE before TTVI remains a viable
option, integrating the higher risk in this fragile, often elderly
patient population. In situations where leads are jailed,
frequent monitoring is desirable, particularly in patients who
are pacemaker-dependent or who have an ICD indication for
secondary prevention.

10. Summary position

Scientific evidence concerning TTVI in patients with CIED
leads is scarce and comes from observational studies or first-
in-human reports.

CIED-related  tricuspid  regurgitation: Interactions
between transvalvular CIED leads and the TV may result
into CIED-related TR and predisposing factors have been
identified. Physician awareness around this complication and
echocardiographic follow-up of patients at risk are needed to
allow for early detection and management of CIED-related TR.

Potential CIED lead issues with transcatheter tricuspid
valve interventions: between 11.8 and 36% of candidates
for TTVI have transvenous CIED leads. Attitudes towards
lead management in TTVI are heterogeneous due to the lack
of scientific evidence. So far, experience with lead jailing is
limited but lead failure or dislodgement have been reported
and are a matter of concern. High risk situations for lead
jailing and the general patient clinical condition should be
taken into consideration before final decision.

Due to the novelty of the technique, there are very few
reports of CIED-related infections in patients with jailed leads
and management is uncertain in this high-risk population.
The consensual management of CIED infections applies
to patients who have had TTVI but the approach must be
adapted on a case-by-case basis, particularly in the event of
jailed leads.

Transvenous lead extraction to prepare for transcatheter
tricuspid valve intervention: contemporary data show that
complications of transvenous lead extraction are rare but
can occur. Peri-procedural mortality is reported at 0.5% and
major complications at 1.7%. TR reduction following TLE
is unlikely and the TV can be damaged by TLE. Risk factors
for complicated TLE need to be taken into account for
individualized Heart Team decision-making. Safe and feasible
valve-sparing PPM/ICD techniques have been extensively
studied out of TTVI. Small series emphasize their role in
patients with TTVL

Heart Team discussion and patient engagement: due to
the above-mentioned lack of strong scientific evidence in this
area, we believe that a Heart Team case-by-case discussion
is essential for each patient with a CIED who is scheduled
for TTVL Follow-up of a patient with jailed lead(s) after
TTVI needs particular care and dedicated expertise to assess
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both TTVI result and lead integrity, as well as to manage
complications. Due to the novelty and lack of knowledge,
CIED patients who are candidates for TTVI should be
informed about the benefits and risks of each approach.

Need for increased evidence: prospective systematic
collection of CIED data in patients included in TTVI studies
is encouraged. Reporting of longer-term systematic CIED
follow-up data is desirable.
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BACKGROUND: The latest-generation SAPIEN 3 Ultra RESILIA (S3UR) transcatheter heart valve (THV) incorporates
several changes in leaflet design, including an improved anticalcification coating and modified commissural
attachment. There are no established data on hypoattenuating leaflet thickening (HALT) following transcatheter
aortic valve implantation (TAVI) using the S3UR.

AIMS: Our study aimed to elucidate the clinical features of HALT following S3UR implantation.

METHODS: As a subset of the OCEAN (Optimized CathEter vAlvular INtervention)-TAVI registry, we prospectively
assessed patients who underwent cardiac computed tomography (CT) 30 days after S3UR implantation. HALT and
potentially relevant THV geometry were analysed using four-dimensional CT data by an independent core laboratory.

RESULTS: Of the 4435 patients studied, HALT was detected in 95 patients (21.3%) 30 days after TAVI. The modification
of the commissural attachment specific to the 20 mm and 23 mm S3UR THVs did not affect the incidence of HALT
(22.1% for £23 mm; 20.2% for 226 mm; p=0.636). The hourglass-shaped THV frame (p<0.001) and asymmetricity
of THV leaflets (p=0.002) were independently associated with HALT development. A trend toward higher mean
aortic gradients at 30 days with greater degrees of HALT (HALT >25% vs HALT <25%: 10.3 [interquartile range
{IQR} 7.0-13.0] mmHg vs 8.6 [IQR 6.3-11.6] mmHg; p=0.007; HALT >50% vs HALT <50%: 11.5 [IQR 7.0-14.3]
mmHg vs 8.9 [IQR 6.3-11.9] mmHg; p=0.002) was noted.
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CONCLUSIONS: The incidence of HALT for the S3UR was comparable with the already reported incidences for
the previous-generation SAPIEN 3 THV. Given the haemodynamic impact of HALT severity and multiplicity,

strategic planning to avoid deformation of the implanted THV might be required. (Clinical trial registration:
UMIN000020423)

KEYWORDS: aortic stenosis; computed tomography; hypoattenuating leaflet thickening; transcatheter aortic valve implantation
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aortic valve implantation (TAVI), which was established as

a therapeutic alternative to surgical aortic valve replacement
for inoperable or high-risk patients with severe aortic stenosis
(AS), have expanded to include low-risk patients. Despite
significant advances in transcatheter heart valve (THV)
technologies and increased operator experience, there have
been concerns about hypoattenuating leaflet thickening
(HALT) with or without reduced leaflet motion (RLM), which
potentially increases the risk of systemic embolisation and
affects prosthesis function or durability!3. In patients who
received the previous-generation balloon-expandable SAPIEN
3 (S3) THV (Edwards Lifesciences), the incidence of HALT
was reported to be 13-21%, and non-uniform expansion of
the THYV, including frame deformation and asymmetric leaflet,
has been identified as a strong predictor of HALT*’. The
latest-generation balloon-expandable SAPIEN 3 Ultra RESILIA
(S3UR) THV (Edwards Lifesciences), with new features such
as dry tissue storage in combination with the anticalcification
technology of RESILIA tissue and the alteration in the leaflet
attachment method at the commissural posts specific to
smaller 20 mm and 23 mm THYV sizes, has been in clinical
use for several years. Although recent papers have reported
the significantly better valve performance of the S3UR®’, no
data on its HALT have been established. Therefore, this study
aimed to investigate the incidence, predictors, and clinical
impact of HALT following TAVI with the S3UR using Japanese
multicentre prospective registry data.

In the past decades, recommendations for transcatheter

‘ Editorial, see page 1293 ‘

Methods
STUDY POPULATION AND DESIGN
As a subset of the ongoing, prospective, Japanese multicentre
Optimized CathEter vAlvular INtervention (OCEAN)-TAVI
registry, beginning on April 2023, we prospectively performed
an electrocardiogram  (ECG)-gated, contrast-enhanced
cardiac computed tomography (CT) scan 30 days following
TAVI to detect HALT and RLM and assess the feasibility of
future redo-TAVI, unless medical or social contraindication
precluded contrast administration. This study included all
patients who underwent such CT examinations following
S3UR implantation at 12 institutions in Japan between
April 2023 and March 2024. Patients with transfemoral and
non-transfemoral approaches were included. To evaluate the
clinical characteristics of HALT and RLM for the S3UR,
patients with previous aortic bioprosthetic valves, a second
THV implantation for bailout, or inadequate CT image
quality for leaflet assessment were excluded from the analysis.
The decision to proceed with TAVI and the selection of the
THYV type and size were made with the consensus of a dedicated
Heart Team at each site. During TAVI, an activated clotting

HALT following TAVI using S3UR

Impact on daily practice

The 30-day incidence of hypoattenuating leaflet thickening
(HALT) in patients who were treated with the SAPIEN 3
Ultra RESILIA (S3UR) transcatheter heart valve (THV)
was 21.3%, which was comparable with recently reported
incidences for the previous-generation SAPIEN 3 THV.
The revised commissural leaflet suspension method specific
to the 20 mm and 23 mm S3UR THVs was not associated
with an increased risk of HALT, whereas the prosthesis
deformation index and asymmetric leaflet expansion were
independently associated with an increased risk of HALT
development regardless of the S3UR THV size. Both
greater degrees (>25%) and multiplicity (22 leaflets) of
HALT were associated with a higher mean aortic gradient
after transcatheter aortic valve implantation.

time of 2250 s was achieved by intravenous administration of
unfractionated heparin. After the procedure, the recommended
antithrombotic regimen was dual antiplatelet therapy (DAPT)
consisting of aspirin and thienopyridine for 6 months,
followed by lifelong aspirin therapy, as per the Japanese
guidelines'®; however, single antiplatelet therapy (SAPT) or
no antiplatelet therapy (NAPT) was selected for patients
deemed to be at high bleeding risk. A single oral anticoagulant
without antithrombotic agents was selected when long-term
anticoagulation was indicated because of pre-existing atrial
fibrillation or deep vein thrombosis.

The study protocol of the OCEAN-TAVI registry was approved
by the local institutional review board of each participating centre
and registered with the University Hospital Medical Information
Network (UMIN000020423). All the patients provided written
informed consent before undergoing TAVI. Data collection was
conducted as shown in Supplementary Appendix 1.

CT IMAGE ACQUISITION AND INTERPRETATION

For both the baseline and 30-day assessments, an ECG-gated,
contrast-enhanced cardiac CT scan was performed based
on a pre-established protocol (Supplementary Appendix 2).
Centralised core laboratory assessment of the CT data using
3mensio Valves software, version 8.0 (Pie Medical Imaging)
was performed at Toyohashi, Nagoya, and Gifu Heart Centers
by experienced imaging specialists who were not aware of
all clinical results. Baseline variables were assessed using
pre-TAVI CT with standard definitions!'!. Post-TAVI CT data
were analysed using multiplanar reformats aligned with the
short- and long-axis dimensions of the THV. HALT and RLM
were meticulously evaluated using the entire cardiac cycle data,
whereas the other variables, such as prosthesis expansion,
implantation depth, and commissural alignment, were assessed
in one phase of mid-diastole (70-80% of the R-R interval).

Abbreviations

NCC  non-coronary cusp S3 SAPIEN 3

reduced leaflet motion TAVI

cT computed tomography PPM  prosthesis-patient mismatch
HALT hypoattenuating leaflet thickening RLM
ICC  intraclass correlation coefficient SOV sinus of Valsalva

S3UR SAPIEN 3 Ultra RESILIA
transcatheter aortic valve implantation
THV  transcatheter heart valve
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ASSESSMENT OF THE IMPLANTED THV USING POST-TAVI CT
PROSTHETIC LEAFLET ABNORMALITIES

HALT and RLM were assessed per leaflet according to the
Valve Academic Research Consortium (VARC)-3 criteria
(Supplementary Figure 1)'2. HALT was defined as a visually
identified increased leaflet thickness with a typically
meniscal appearance on long-axis views. The extent of
leaflet thickening was semiquantitatively graded on long-
axis views carefully aligned with the leaflet centre, focusing
on involvement along the curvilinear leaflet beginning at
the base, using a 5-tier grading scale: none, £25%, >25% to
<50%, >50% to <75%, and >75%. If HALT was identified,
the presence of RLM throughout the entire systolic phase
was also evaluated using a 4-tier grading scale along the
curvilinear leaflet beginning at the base: none, <50%, >50%
to <100%, and immobile (100%). The location of HALT
was also evaluated with regard to which of the 3 leaflets of
a THV was involved. Among the 3 leaflets of a THYV, the
one facing more than half of the native non-coronary cusp
(NCC) on the THV short-axis CT image was defined as
the NCC-side leaflet. Subsequently, based on the location
of the NCC-side leaflet, the left coronary cusp (LCC)-side
leaflet and right coronary cusp (RCC)-side leaflet were
determined. The Valsalva thrombus was defined as a low-
density space without contrast enhancement between the
native sinus of Valsalva (SOV) and the implanted THV
stent frame.

THV STENT FRAME DEFORMATION

The geometry of the THV stent frame was assessed for
orthogonal major and minor diameters and expansion area
at 3 levels of the prosthesis: leaflet inflow (i.e., the nadir of
the prosthesis leaflets), prosthesis waist, and leaflet outflow
(i.e., the top of the 3 commissural tabs) levels (Supplementary
Figure 2)°. To minimise measurement errors due to blooming
artefacts, these stent frame measurements were obtained
by tracing or connecting the middle of the stent struts at
a window width of 3,000 and a window level of 2,000.
The THV implantation depth was defined as the mean of
the distances from the inflow of the THV to the SOV floor,
measured at each coronary cusp, as previously described!>!'*.
The degree of canting was calculated as the difference between
the maximum and minimum THV implantation depths. The
postprocedural native annulus level was defined as the plane
with a mean THV implantation depth above the THV frame
inflow level.

Post-implant THV oversizing (%) was calculated as
follows: (measured THV area at the native annulus level/
native annulus area — 1) x 100. THV expansion (%) was
calculated as follows: (measured THV area/nominal THV
area) x 100. The nominal THV areas of the S3UR valves used
in the above calculations were 300 mm?, 390 mm?, 503 mm?,
and 621 mm? for 20 mm, 23 mm, 26 mm, and 29 mm THVs,
respectively, consistent with the previous paper where the
nominal CT-derived area was measured by tracing the centre
of the stent frame'. The prosthesis deformation index was
calculated as follows: (THV area at the leaflet inflow level +
THV area at the leaflet outflow level) / (2 x THV area at the
prosthesis waist level)’. THV eccentricity (%) was calculated
as follows: V{1 - (minor diameter)?(major diameter)2x 100.
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ASYMMETRIC LEAFLET EXPANSION

The expansion of each prosthetic valve leaflet was evaluated
by measuring the angle (°) formed by the border stent struts
corresponding to each prosthetic valve leaflet and the THV
centre point at the coaptation level (Supplementary Figure 2).
Assuming that the full expansion of each leaflet would be
120°, the asymmetric leaflet expansion was calculated as the
sum of the difference between 120° and each measured leaflet
angle.

AREA RATIO OF THE THV TO THE SOV

To assess the extent to which the THV occupied the SOV, the
SOV and THV areas were measured at the level where the
SOV area was visually the largest (Supplementary Figure 3).
The area ratio (%) of the THV to the SOV was calculated'.

OVERLAP BETWEEN THE THV COMMISSURES AND
CORONARY OSTIA

The angle between the THV commissure and each coronary
ostium was measured, as previously reported'. Briefly, the
positions of the THV commissures were identified and marked
at the cross-sectional level of the THV leaflet coaptation, and
the ostium of each coronary artery was identified in a cross-
section perpendicular to the axis of the aorta. Subsequently,
the two angles through the centre of the aorta were measured:
one from the left coronary artery ostium to the nearest THV
commissure, and the other from the right coronary artery
ostium to the nearest of the THV commissures. The severity
of the overlap between the THV commissures and coronary
ostia was defined as follows: severe (0-20°), moderate (21-
35°), and mild/no (36-60°) overlap'.

STATISTICAL ANALYSIS

Categorical variables are described as numbers and percentages
and were compared using the chi-square or Fisher’s exact
test, as appropriate. Continuous variables, whose normality
of distribution was assessed using the Shapiro-Wilk test,
are described as meanssstandard deviations or medians
(interquartile ranges [IQRs]) and were compared using the
unpaired Student’s t-test or Wilcoxon rank-sum test based on
their distributions. To determine the risk factors for HALT
30 days after S3UR implantation, logistic regression analyses
were conducted. Variables deemed to be clinically relevant to
HALT were included in the multivariable model. Odds ratios
(ORs) were reported with corresponding 95% confidence
intervals (ClIs). The variance inflation factor was used to
check for multicollinearity for each variable, and the obtained
variance inflation factor value was between 1 and 2. Receiver
operating characteristic curves were utilised to illustrate and
assess the predictive performance of the variables for HALT.
Furthermore, the c-statistics between the potential predictors
were compared using the method of DeLong et al'®. Linear
mixed models were used to identify independent predictors
of the prosthesis deformation index and asymmetric leaflet
expansion. Variables with p-values<0.10 in the univariate
analysis were considered eligible for inclusion in the
multivariable model. Regarding the post-TAVI CT analysis,
intraobserver (2-week interval) and interobserver agreements
were evaluated using the intraclass correlation coefficient
(ICC) in 20 patients who were randomly selected.



All statistical analyses were performed using JMP, version
14.2.0 (SAS Institute) and R, version 4.0.2 (R Foundation for
Statistical Computing). A 2-tailed p-value of 0.05 was used
for significance testing.

Results

STUDY POPULATION AND INCIDENCE OF HALT AND RLM

A total of 481 patients undergoing TAVI using the S3UR
at 12 participating institutions between April 2023 and
March 2024 were enrolled in this post-TAVI CT study. After
exclusion of 36 patients due to a previous aortic bioprosthetic
valve (n=3), second THV requirement for bailout (n=1), or
inadequate CT image quality for leaflet assessment (n=32),
445 patients were included in the final analysis. The median
age of the patients was 84 years, and 40% of them were male.

Of these patients, 95 (21.3%) with HALT were identified at
the 30-day post-TAVI CT (Central illustration). The incidence
of HALT was statistically comparable between the four S3UR
sizes, albeit with a relatively lower incidence for the 20 mm
valve (Figure 1). Although the unique modification of the
S3UR in the sawing manoeuvres for commissures is applied
only in the 20 mm and 23 mm valves, this modification
did not affect the incidence of HALT (22.1% for 20 mm
and 23 mm valves, 20.2% for 26 mm and 29 mm valves;
p=0.636) (Central illustration). Overall, 45 patients (10.1%)
showed HALT involving multiple leaflets. A leaflet-level
analysis revealed that HALT was detected in 13.5%, 10.5%,
and 11.9% of the leaflets on the NCC, LCC, and RCC
sides, respectively (p=0.406). All leaflets with >25% HALT
exhibited signs of RLM, whereas no RLM was identified in
56 (83.6%) of 67 leaflets with <25% HALT (Supplementary
Table 1).

Baseline and procedural characteristics were comparable
between patients with and without HALT, except for the
prevalence of atrial fibrillation (10.5% vs 21.4%; p=0.011)
and usage of anticoagulant therapy at discharge (13.7% vs
23.4%; p=0.033) (Table 1). In a subanalysis focusing on
350 patients without anticoagulation therapy at discharge,
DAPT was associated with a significantly decreased risk of
HALT occurrence as compared with SAPT and NAPT (8.7%
vs 25.3% vs 26.7%; p=0.021). Meanwhile, in 95 patients
with anticoagulant therapy at discharge, the incidence of
HALT was comparable between those taking oral vitamin
K antagonists and those taking direct oral anticoagulants
(17.7% vs 12.8%; p=0.697) (Supplementary Figure 4).

POSTPROCEDURAL ECHOCARDIOGRAPHIC DATA

Compared with patients without HALT, those with HALT
had a numerically higher mean aortic gradient; however, the
difference was not significant. The degree of paravalvular
leakage was also not associated with HALT development
(Table 2). A greater proportion of patients with HALT
fulfilled the VARC-3 criteria for prosthesis-patient mismatch
(PPM) compared to those without HALT (15.8% vs 8.6%;
p=0.049).

An additional sensitivity analysis according to the degree
of HALT showed significant differences in the mean aortic
gradient on setting 25% or 50% as the cutoff for HALT
severity (HALT >25% vs HALT <25%: 10.3 [IQR 7.0-13.0]
mmHg vs 8.6 [IQR 6.3-11.6] mmHg; p=0.007; HALT >50%

HALT following TAVI using S3UR

vs HALT <50%: 11.5 [IQR 7.0-14.3] mmHg vs 8.9 [IQR
6.3-11.9] mmHg; p=0.002). The presence of multiple HALT
involving two or three leaflets was also associated with
a higher mean aortic gradient (multiple HALT >0% or not:
11.0 [IQR 7.5-14.9] mmHg vs 8.6 [IQR 6.3-11.6] mmHg;
p=0.001; multiple HALT >25% or not: 14.0 [IQR 8.9-17.5]
mmHg vs 9.0 [IQR 6.3-11.9] mmHg; p=0.025) (Central
illustration).

IMPLANTED THV ASSESSMENT USING POST-TAVI CT
Compared with the nominal THV areas offered by the
manufacturer, underexpansion of the implanted THV was
observed at all levels of the S3UR frame in post-TAVI CT
(Table 3). Regardless of the presence or absence of HALT, the
expansion area percentage of the THV was the smallest at the
prosthesis waist level with a median prosthesis deformation
index of 1.06, indicating an hourglass-shaped implantation
of the THV. However, patients with HALT had a larger
prosthesis deformation index than those without HALT (1.11
[IQR 1.09-1.13] vs 1.06 [IQR 1.04-1.07]; p<0.001), and
this difference was observed for all THV sizes (Figure 2A).
THV eccentricity, ranging from 0.29 to 0.35 at each level
of the THV, was comparable between the two groups at all
levels, whereas asymmetric leaflet expansion was associated
with HALT development (16° [IQR 9-22°] vs 8° [IQR 6-12°];
p=0.001). Larger asymmetric leaflet expansion in patients
with HALT was also identified for all THV sizes (Figure 2B).
The intra- and interobserver agreement was acceptable for
the prosthesis deformation index (intraobserver ICC=0.94;
interobserver ICC=0.91) and the asymmetric leaflet expansion
(intraobserver ICC=0.95; interobserver ICC=0.91).

PREDICTORS OF HALT FOLLOWING S3UR IMPLANTATION
Logistic regression analysis was utilised to determine
the predictors of HALT in patients who received S3UR
implantation (Supplementary Table 2, Table 4). The
multivariable model showed that the prosthesis deformation
index (OR 2.87 per 0.01 increase, 95% CI: 2.23-3.70;
p<0.001) and asymmetric leaflet expansion (OR 1.10 per 1°
increase, 95% CI: 1.03-1.18; p=0.004) were independently
associated with HALT development. Anticoagulant therapy at
discharge and moderate or severe overlap between the THV
commissure and either coronary artery exhibited significance
in the univariate analysis, but not in the multivariable analysis.

A comparative analysis assessing the discrimination
values of these factors is shown in Figure 3. The prosthesis
deformation index was more predictive of HALT than
asymmetric leaflet expansion, although asymmetric leaflet
expansion also had a relatively high discriminatory value
(c-statistic: 0.88 vs 0.77; p=0.001). The best discriminatory
cutoffs of the prosthesis deformation index and asymmetric
leaflet expansion were 1.08 and 14°.

FACTORS ASSOCIATED WITH THV DEFORMATION

Linear regression analyses were applied to identify the
factors associated with THV deformation (Supplementary
Table 3). In the multivariable models, a greater mean aortic
gradient at baseline, underfilling implantation of the THYV,
and moderate or severe overlap between THV commissures
were independently related to a larger prosthesis deformation
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HALT following S3UR implantation.

HALT at 30 days after S3UR implantation, as
assessed in the CT substudy of the 0CEAN-TAVI registry (N=445)
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A) Thirty-day incidence of HALT for the S3UR. B) The two independent predictors of HALT and the risk factors for these
variables. C) Box plots of postprocedural mean aortic gradient according to the degree and multiplicity of HALT. The white
horizontal lines within the boxes denote the median, and the bottom and top edges of the boxes represent the 25" and 75"
percentiles, respectively. The whiskers extend from the edges of the boxes to the lowest and highest values within 1.5 times the
interquartile range. CT: computed tomography; HALT: hypoattenuating leaflet thickening; NS: non-significant; SSUR: SAPIEN
3 Ultra RESILIA; THV: transcatheter beart valve
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p=0.210

Incidence of HALT (%)

20 mm 23 mm 26 mm 29 mm
THV size

Figure 1. Incidence of HALT for each THV size. Bar graph
showing the incidence of HALT for each size of the SAPIEN
3 Ultra RESILIA prosthesis. HALT: bypoattenuating leaflet
thickening; THV: transcatheter beart valve

index, whereas only the canting degree of the THV was
an independent predictor of a larger asymmetric leaflet
expansion.

Discussion

To the best of our knowledge, this is the first multicentre
study evaluating the clinical characteristics of HALT for the
latest-generation balloon-expandable S3UR THV. The main
findings of this study are summarised as follows: (i) HALT
was detected in 21.3% of the patients in this cohort; (ii) the
revised commissural leaflet suspension method specific to the
20 mm and 23 mm THVs to maximise the leaflet opening was
not associated with an increased risk of HALT; (iii) the degree
and multiplicity of HALT were associated with a higher
postprocedural mean aortic gradient; and (iv) the prosthesis
deformation index and asymmetric leaflet expansion were
independently associated with an increased risk of HALT
development.

With the expansion of TAVI indications for lower risk
profiles of severe AS, the occurrence of HALT, which may be
related to impaired prosthesis function and durability*?, has
been recognised as a serious concern. Regarding the previous-
generation balloon-expandable S3 THYV, two prospective
CT studies have investigated the clinical characteristics of
HALT in detail. The first is an imaging substudy (n=221) of
the Placement of Aortic Transcatheter Valves (PARTNER)
3 trial, showing that the incidence of HALT for the S3
increased from 13.3% at 30 days to 27.5% at 1 year*. The
second is a single-centre but large study that analysed the
prospectively acquired CT data of 352 patients treated with
the S3, elucidating that the 30-day incidence of HALT was
20.7%?°. In the present study evaluating 445 patients treated
with the latest-generation balloon-expandable S3UR THYV, the
incidence of HALT at 30 days following TAVI was 21.3%,
suggesting that the introduction of this newer device was
not associated with an increased risk of HALT development.
Fundamentally, RESILIA technology is designed to prevent
calcification rather than thrombosis. However, the lack of
a significant difference in the incidence of HALT between
RESILIA and non-RESILIA leaflets is noteworthy, particularly
given prior histological evidence suggesting a progression
from thrombosis to fibrosis and then to calcification. The

HALT following TAVI using S3UR

susceptibility of a leaflet thrombus to organisation should
be assessed in future studies with longer-term follow-up
and repeated CT examinations. Furthermore, although we
had been concerned about the potential effect of the revised
commissural leaflet suspension method specific to the 20 mm
and 23 mm S3UR THVs on HALT occurrence, the present
study found a comparable incidence of HALT between THV
sizes <23 mm and 226 mm (22.1% vs 20.2%).

HALT development includes a multifactorial process
involving foreign body materials and patient-specific blood
chemistry. However, previous studies with in vitro models
have indicated local blood flow stagnation on the THV
leaflets, particularly at the basal neosinus, which is consistent
with the region where HALT has been detected clinically®.
In this context, an intra-annular THV may be somewhat
disadvantaged because its neosinus is surrounded by both
its inner skirt and native leaflets and is structurally larger
than that of a supra-annular THV. In fact, some studies
have suggested a greater incidence of HALT in balloon-
expandable THVs compared with self-expanding THVs'?!,
Therefore, detecting modifiable risk factors for HALT in
patients who are treated with balloon-expandable THVs
is quite important. Although some previous studies have
identified that the non-uniform expansion of the previous-
generation S3 THYV is strongly related to the development
of HALT, no data on HALT for the latest-generation S3UR
THYV have been established. Our study successfully validated
the robust association between HALT development and
THV deformation, including an hourglass-shaped frame
and leaflet eccentricity, in a larger, independent cohort that
exclusively included patients treated with the S3UR. As in
vitro simulation studies showed that such THV distortion
can alter the flow characteristics and increase the shear
stress of leaflets??, the highly predictive performance of
those factors for HALT development is mechanistically
understandable.

Linear regression analyses were also performed for
implanted THV deformation, identifying baseline mean aortic
gradient, underfilling implantation, coronary malalignment,
and THV canting as risk factors. These insights shed light
on critical aspects that could inform clinical decision-making
and preprocedural planning, such as THV type, size, and
position. From a practical aspect, post-dilatation would be
useful to mitigate the risk of THV deformation; however,
this strategy entails a trade-off with the risk of procedural
complications, including aortic root injury, conduction
disturbances, and THV leaflet damage. In other words, in
cases where the underfilling implantation of the S3UR is
likely to be required because of severe calcification, other
THVs with supra-annular leaflets may be a reasonable
choice.

The impact of HALT on THV haemodynamic status is
not well established and varies across studies, which can
be attributed to the heterogeneity in the severity of HALT
included in those studies. Theoretically, the haemodynamic
impact of the THV is likely to differ depending on the
severity of HALT, but prior studies with a relatively
small number of patients may not have possessed the
statistical power to perform severity-specific analyses. Our
study, taking advantage of its larger cohort, successfully
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Table 1. Baseline clinical and procedural characteristics.

Overall
(N=445) Yes (N=95) No (N=350)

Demographics
Age, years 84 (80-87) 84 (80-86) 84 (80-88) 0.753
Male 178 (40.0) 36 (37.9) 142 (40.6) 0.636
BSA, m? 1.48 (1.35-1.61) 1.47 (1.34-1.64) 1.48 (1.35-1.60) 0.843
Clinical Frailty Scale >4 189 (41.5) 39 (41.1) 150 (42.9) 0.773
NYHA Functional Class I11/IV 80 (18.0) 21 (22.1) 59 (16.9) 0.247
STS-PROM score, % 6.0 (3.8-9.5) 5.1 (3.5-7.6) 6.2 (4.0-9.8) 0.062
Hypertension 325 (73.0) 70 (73.7) 255 (72.9) 0.872
Dyslipidaemia 222 (50.0) 45 (47.4) 177 (50.6) 0.580
Diabetes 147 (33.0) 29 (30.5) 118 (33.7) 0.556
Atrial fibrillation 85(19.1) 10(10.5) 75(21.4) 0.011
CAD 161 (36.2) 29 (30.5) 132 (37.7) 0.192
Previous CABG 19 (4.3) 5(5.3) 14 (4.0) 0.598
PAD 53 (11.9) 11(11.6) 42 (12.0) 0.910
CKD: eGFR <60 mL/min/1.73 m? 316 (71.0) 67 (70.5) 249 (71.1) 0.907
Haemodialysis 78 (17.5) 15 (15.8) 63 (18.0) 0.612
COPD 28 (6.3) 4(4.2) 24 (6.9) 0.325
Previous stroke/TIA 41 (9.2) 6 (6.3) 35 (10.0) 0.252
Previous pacemaker 23 (5.2) 4(4.2) 19 (5.4) 0.627
AVA, cm? 0.71 (0.59-0.82) 0.73 (0.62-0.84) 0.70 (0.58-0.81) 0.492
Mean aortic gradient, mmHg 41.0 (35.0-48.8) 40.0 (33.3-47.2) 41.0 (35.1-49.3) 0.245
LVEF, % 63.5 (57.6-68.4) 63.3 (58.4-69.6) 63.7 (56.3-68.0) 0.662
Bicuspid aortic valve 15(3.4) 4(4.2) 11 3.1) 0.618
Annulus area, mm? 413.0 (365.0-472.0) 402.0 (357.0-457.0) 409.9 (359.6-470.2) 0.464
LVOT calcification 40 (10.8) 12 (12.6) 36 (10.3) 0.520
Transfemoral access 425 (95.7) 91 (95.8) 334 (95.7) 0.970
Predilatation 34 (7.7) 12 (12.6) 22 (6.3) 0.052
Post-dilatation 59 (13.3) 14 (14.7) 45 (12.9) 0.643
THV size 0.210

20 mm 39 (8.8) 4(4.2) 35 (10.0)

23 mm 228 (51.2) 55 (57.9) 173 (49.4)

26 mm 148 (33.3) 30 (31.6) 118 (33.7)

29 mm 30 (6.7) 6 (6.3) 24 (6.9)
Area oversizing for THV, % 9.8 (2.1-15.7) 11.7 (4.4-17.3) 9.4 (1.4-15.2) 0.121
Antiplatelet therapy 287 (64.5) 62 (65.3) 225 (64.3) 0.860
Anticoagulant therapy 95 (21.4) 13 (13.7) 82 (23.4) 0.033

Values are n (%) or median (interquartile range). AVA: aortic valve area; BSA: body surface area; CABG: coronary artery bypass grafting; CAD: coronary artery
disease; CKD: chronic kidney disease; COPD: chronic obstructive pulmonary disease; CT: computed tomography; eGFR: estimated glomerular filtration rate;

HALT: hypoattenuating leaflet thickening; LVEF: left ventricular ejection fraction; LVOT: left ventricular outflow tract; NYHA: New York Heart Association;

PAD: peripheral artery disease; STS-PROM: Society of Thoracic Surgeons Predicted Risk of Mortality; THV: transcatheter heart valve; TIA: transient ischaemic attack
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Table 2. Postprocedural echocardiographic data.

Overall HALT
(N=445) Yes (N=95) No (N=350)

EOA, cm? 1.77 (1.47-2.11) 1.72 (1.32-2.10) 1.79(1.48-2.11) 0.207
Indexed EOA, cm?/m? 1.18(1.01-1.44) 1.14 (0.94-1.44) 1.19(1.03-1.43) 0.123
Mean aortic gradient, mmHg 9.0 (6.4-12.0) 9.1 (6.5-13.0) 8.7 (6.3-11.6) 0.080
PVL 0.433

None-to-trivial PVL 381 (85.6) 78 (82.1) 303 (86.6)

Mild PVL 62 (13.9) 16 (16.8) 46 (13.1)

Moderate-to-severe PVL 2 (0.5) 1(1.1) 1(0.3)
MR >moderate 30 (6.7) 4 (4.2) 26 (7.4) 0.358
TR >moderate 47 (10.6) 10(10.5) 37 (10.6) 0.990
SPAP, mmHg 29.0 (24.0-35.0) 27.0 (22.5-32.5) 29.2 (24.4-36.0) 0.038

Values are n (%) or median (interquartile range). EOA: effective orifice area; HALT: hypoattenuating leaflet thickening; MR: mitral regurgitation;
PVL: paravalvular leakage; SPAP: systolic pulmonary artery pressure; TR: tricuspid regurgitation

Table 3. Post-TAVI CT data.

Overall HALT AT
(N=445) Yes (N=95) No (N=350)

Measured oversizing, % -7.5(-12.4 t0 -2.3) -7.6 (-12.7 to -1.9) -7.5(-12.4 to -2.5) 0.740

Expansion area of THV, %

Leaflet inflow 85.6 (82.2-89.5) 87.0 (82.2-89.7) 85.4 (82.2-89.4) 0.279
Prosthesis waist 82.8 (78.7-86.7) 80.6 (76.2-83.4) 83.8(79.8-87.1) <0.001
Leaflet outflow 91.1 (86.9-94.4) 91.2 (88.6-95.0) 91.0 (86.2-94.3) 0.179
THV eccentricity
Leaflet inflow 0.32 (0.26-0.37) 0.31 (0.24-0.36) 0.32 (0.27-0.37) 0.104
Prosthesis waist 0.31 (0.26-0.36) 0.30 (0.23-0.35) 0.32 (0.27-0.36) 0.143
Leaflet outflow 0.29 (0.24-0.34) 0.28 (0.22-0.33) 0.29 (0.25-0.35) 0.154
Prosthesis deformation index 1.06 (1.05-1.08) 1.11(1.09-1.13) 1.06 (1.04-1.07) <0.001
Asymmetric leaflet expansion, degrees 10 (6-12) 16 (9-22) 8 (6-12) <0.001
Implantation depth, mm 2.3(1.7-3.5) 2.4(1.7-3.7) 2.3(1.6-3.4) 0.785
Canting, mm 2.0 (1.3-3.0) 2.3 (1.5-3.1) 2.0 (1.2-2.9) 0.115
Area ratio of THV to SOV, % 47.6 (43.5-51.3) 47.6 (42.6-51.3) 47.6 (43.6-51.3) 0.646
Overlap between THV commissure and LCA 0.452
Severe 144 (32.4) 32 (33.7) 112 (32.0)
Moderate 123 (27.6) 30 (31.6) 93 (26.6)
Mild/none 178 (40.0) 33 (34.7) 145 (41.4)
Overlap between THV commissure and RCA 0.638
Severe 141 (31.7) 28 (29.5) 113 (32.3)
Moderate 110 (24.7) 27 (28.4) 83 (23.7)
Mild/none 194 (43.6) 40 (42.1) 154 (44.0)
o0 64.2)
SOV thrombus 102 (22.9) 34 (35.8) 68 (19.4) 0.001

Values are n (%) or median (interquartile range). CT: computed tomography; HALT: hypoattenuating leaflet thickening; LCA: left coronary artery; RCA: right
coronary artery; SOV: sinus of Valsalva; TAVI: transcatheter aortic valve implantation; THV: transcatheter heart valve

whether these small increases (3-4 mmHg) noted at 30 days
will be amplified over time and cause structural valve
deterioration, an elevated aortic gradient detected during
clinical follow-up may indicate the occurrence of extensive

showed that greater degrees (>25%) and/or multiplicity
(>2 leaflets) of HALT were associated with a higher mean
aortic gradient (Central illustration), which may be clinically
relevant. Although further study is needed to determine
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Figure 2. Implanted THV deformation and HALT by THYV size. Box plots of prosthesis deformation index (A) and asymmetric
leaflet expansion (B) according to THYV size. The white horizontal lines within the boxes denote the median, and the bottom and

top edges of the boxes represent the 25" and 75" percentiles, respectively. The whiskers extend from the edges of boxes to the

lowest and highest values within 1.5 times the interquartile range. The dots outside the whiskers represent the outliers.
HALT: hypoattenuating leaflet thickening; THV: transcatheter heart valve

HALT, which should probably be confirmed by cardiac CT.
We also showed a higher incidence of fulfilling the criteria
for PPM in patients with HALT; however, the incidence of
PPM in relation to HALT should be carefully interpreted
because PPM is essentially a subtype of non-structural
valve dysfunction and should be evaluated after excluding
HALT. Although numerous studies have investigated the
impact of PPM following TAVI****] the majority of them
have not evaluated HALT for patients with PPM, potentially
influencing the true incidence and prognostic effect of PPM.

The possible sequelae of subclinical leaflet thrombosis
include central and systemic thromboembolism, progressive
valve stenosis, and a negative impact on long-term valve
durability. However, leaflet thrombosis involves a dynamic
process that may develop and resolve spontaneously with
or without anticoagulant use and may pose challenges
in diagnosis and treatment**. Thus, the routine use of
preventive anticoagulants or follow-up cardiac CT screenings
following TAVI remains debatable. On the other hand, the
growing evidence regarding the negative impact of a major
burden of HALT (>50%) on long-term THV outcomes is of
great interest®. Considering this finding in conjunction with
a recent histological study suggesting that the organisation
of leaflet thrombus to pannus begins within a year, earlier
initiation of anticoagulation could be more effective!’®. Our
study only evaluated the 30-day clinical characteristics of
HALT for the S3UR, and a longer-term follow-up is warranted
to assess the full effect of HALT on THV performance and
structural valve dysfunction.
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Limitations

This study has several limitations. First, this study has
inherent limitations as it is based on a retrospective
analysis of prospectively registered dataset. However, the
participation of several institutions in the study may have
attenuated the potential selection and ascertainment biases.
Second, this study only examined the 30-day clinical
features of HALT for the S3UR despite the transient and
dynamic nature of HALT. Future studies with longer-
term follow-up and detailed antithrombotic regimens
are needed to assess the full clinical impact of HALT. In
addition, the single-arm design that enrolled only patients
who received an S3UR precluded direct comparison with
those who received a previous-generation S3. Third,
CT analyses were performed by an independent core
laboratory blinded to clinical outcomes, but the presence
or absence of HALT as a primary outcome measure would
be apparent on CT images to the reviewers, resulting
in some inevitable measurement biases. Fourth, among
a total of 481 patients, 32 patients (6.7%) were excluded
from our analysis because of poor image quality caused by
beam artefacts. Although the CT acquisition protocol of
this study adopted a tube voltage of 100-120 kV based on
previous studies, the aggressive use of a higher tube voltage
(~140 kV) could have mitigated such artefacts?’. Finally,
the information on baseline oral anticoagulant, such as
dose, regimens, and targeted international normalised
ratios for warfarin users, was unavailable, which could
have affected the outcomes.
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Table 4. Multivariable logistic regression analysis for predictors of HALT.

Age (per 1-year increase)

Male sex

Anticoagulant therapy at discharge

THV size <23 mm

Prosthesis deformation index (per 0.01 increase)
Asymmetric leaflet expansion (per 1° increase)
Implantation depth (per 1 mm increase)
Canting (per 1 mm increase)

Area ratio of THV to SOV (per 5% increase)

Moderate or severe overlap between THV commissure and
either coronary artery

0.95 0.89-1.02 0.194
1,53 0.58-4.15 0.379
0.39 0.13-1.20 0.105
25 0.49-3.23 0.640
2.87 2.23-3.70 <0.001
1.10 1.03-1.18 0.004
0.97 0.75-1.26 0.839
0.96 0.71-1.32 0.816
1.03 0.79-1.35 0.790
1.49 0.49-4.58 0.478

Cl: confidence interval; HALT: hypoattenuating leaflet thickening; OR: odds ratio; SOV: sinus of Valsalva; THV: transcatheter heart valve

Predictors Cutoff  Sensitivity, ~Specificity, PPV, NPV, C-statistic
point % % % % (95% CI)
0.8 - Prosthesis deformation index (A) 1.08 85.0 79.7 533 952 0.88(0.84-0.91)
Asymmetric leaflet expansion (B) 14° 70.0 80.2 485 908 0.77(0.71-0.83)
Implantation depth (C) 3.7mm 26.3 80.2 255 797 0.52(0.45-0.58)
_g‘ 06+ Canting (D) 1.6mm 73.7 36.6 240 837 0.55(0.48-0.61)
3(“; Area ratio of THV to SOV (E) 54.1% 179 88.3 293 798  0.48(0.41-0.55)
c
& 0.4 Comparison AvsB AvsC AvsD AvsE BvsC
5 Prosthesisideformationlindexty pfference 0.108 0.365 0.334 0400 0257
Asymmetric leaflet expansion | .. 0001 <0001 <0001 <0001 <0001
02 4 — Implantation depth
Canting Comparison BvsD BvsE CvsD CvsE DvsE
. — Area ratio of THV to SOV Difference 0.226 0292 0031 0035 0066
. T T T T T T
0.0 02 04 06 08 1.0 p-value <0.001 <0.001 0.423 0.423 0.172

1-Specificity

Figure 3. Predictive ability of implanted THV geometry for HALT. Receiver operating characteristic curves with comparative
analyses of the predictability of prosthesis deformation index (A), asymmetric leaflet expansion (B), implantation depth (C),
canting (D), and area ratio of THV to SOV (E) for HALT. CI: confidence interval; HALT: hypoattenuating leaflet thickening;
NPV: negative predictive value; PPV: positive predictive value; SOV: sinus of Valsalva; THV: transcatheter heart valve

Conclusions

On 30-day CT, HALT was detected in 21.3% of the patients
who were treated with the latest-generation balloon-
expandable S3UR THV. The modified commissural leaflet
suspension method specific to the 20 mm and 23 mm S3UR
THVs was not associated with an increased risk of HALT,
whereas the prosthesis deformation index and asymmetric
leaflet expansion were independently associated with an
increased risk of HALT development regardless of the THV
size. These findings may shed light on important aspects
that could inform clinical decision-making, preprocedural
planning, and amelioration of THV designs.
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BACKGROUND: Evidence regarding the long-term outcomes and durability of balloon-expandable transcatheter heart
valves (BE-THVs) after transcatheter aortic valve implantation (TAVI) is still scarce.

AIMS: This study evaluates these outcomes and further examines their association with the annular size in patients.

METHODS: A total of 2,699 patients who had undergone TAVI with a BE-THV at least 5 years prior to our study
were analysed. A small aortic annulus (SAA) was defined as an area <430 mm?; any larger annuli were labelled
large aortic annuli (LAA). The primary endpoints were the incidence of all-cause mortality and bioprosthetic valve
failure (BVF) between the SAA and LAA groups. As a subanalysis, the primary endpoints were examined in relation
to postprocedural mean pressure gradient (mPG) =20 mmHg, severe prosthesis-patient mismatch (PPM), and sex
differences, comparing SAA and LAA each time.

RESULTS: Overall, 66.4% (n=1,793) of patients were categorised into the SAA group. At 7 years after TAVI, the
cumulative all-cause mortality showed differences between the SAA and LAA groups (55.2% vs 58.6%), while BVF
assessed by Gray’s test was similar between the groups (3.3% vs 2.7%). The Cox multivariable analysis revealed
no association between SAA and worse prognosis (hazard ratio 1.07, 95% confidence interval: 0.85-1.36; p=0.56).
There were no significant differences in mortality or BVF regarding an mPG >20 mmHg, severe PPM, or sex
between the SAA and LAA groups (all p>0.05).

CONCLUSIONS: Annular size differences were not found to influence long-term outcomes or valve durability following
TAVI with a BE-THYV, suggesting that other factors warrant further investigation.

KEYWORDS: balloon-expandable transcatheter heart valve; large aortic annulus; small aortic annulus; transcatheter aortic valve implantation
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r I Yhe indications for transcatheter aortic valve
implantation (TAVI) in aortic stenosis (AS) patients
have been expanded with growing clinical evidence!~.

One of the key issues is the clinical demand for long-term
durability data on transcatheter heart valves (THVs) to
support TAVI expansion into a broader patient population.
However, the data on this matter are limited and insufficient
to draw definitive conclusions. Recent clinical concerns
have also emerged regarding the impact of THV design
on haemodynamic parameters assessed by postprocedural
echocardiography and their association with long-term
prognosis. Many studies indicate that balloon-expandable
(BE)-THVs result in higher mean pressure gradients (mPG)
and a greater incidence of prosthesis-patient mismatch (PPM)
compared to self-expanding (SE)-THVs, especially in patients
with a small aortic annulus (SAA)3*. This trend has also been
validated by previous reports in Asian patients with smaller
body sizes*®. Several of these parameters are featured in
a recent pivotal randomised controlled trial (RCT) and the
Valve Academic Research Consortium (VARC)-3 criteria as
critical indicators for assessing valve function®’. In contrast,
another pivotal RCT using BE-THVs has demonstrated that
long-term clinical outcomes do not differ significantly by
annular size, suggesting that smaller annuli do not necessarily
confer a worse prognosis®. Investigating the long-term
outcomes and valve durability of patients with an SAA receiving
a BE-THV is essential to explore the clinical significance and
potential generalisability of the echocardiographic parameters
observed in this subset of patients. Therefore, this study
utilises a large cohort of 2,699 patients to examine whether
long-term outcomes up to 7 years after TAVI differ based on
variations in the baseline aortic annular size. Furthermore, the
bioprosthetic valve failure (BVF) criteria defined by VARC-3
were adopted to accurately assess the relationship between
annular size differences and THV durability.

Methods

STUDY POPULATION

The data used in this study were extracted from the pooled
Optimized transCathEter vAlvular interventioN-Transcatheter
Aortic  Valve Implantation (OCEAN-TAVI) registry
database”!®. This study was registered with the University
Hospital Medical Information Network Clinical Trials
Registry (UMIN000020423) and received approval from the
International Committee of Medical Journal Editors. The
study protocol was created in alignment with the Declaration
of Helsinki and approved by the ethics committees of all
participating hospitals. Informed consent was obtained
from all patients before their enrolment in the study. The
study was conducted with a cohort of 2,756 patients who
were scheduled to undergo treatment with a BE-THV
of the SAPIEN 3 series (Edwards Lifesciences) between

Long-term valve durability and outcomes of BE-TAVI

Impact on daily practice

The long-term prognosis of elderly patients treated
with a balloon-expandable transcatheter heart valve via
transcatheter aortic valve implantation (TAVI) was worse
than expected, though the frequency of bioprosthetic valve
failure (BVF) was low and within acceptable limits. It was
found that factors such as annular size and postoperative
haemodynamic parameters, defined by echocardiography,
had minimal impact on long-term prognosis and BVE
Moving forward, further research is needed to validate
these findings. The focus should be on developing more
comprehensive lifetime management strategies for elderly
patients with aortic stenosis undergoing TAVI, as well as
exploring new indicators that may more accurately predict
long-term outcomes and BVF in these patients.

May 2016 and September 2019, with the expectation of
a minimum follow-up of 5 years. Consistent with previous
investigations®*, the definition of an SAA was a cutoff
annulus size equal to or less than 430 mm? assessed by
preprocedural multidetector computed tomography (CT).
The exclusion criteria of this study were the following: (1)
patients without CT examinations or missing information
from CT findings were initially excluded (n=42), (2) THV
delivery failure during TAVI (n=2), (3) patients who were
discharged alive but required a surgical valve replacement
due to procedural complications (n=5), and (4) patients who
were discharged alive but had a second THV implantation
during an index TAVI procedure (n=8). The remaining
2,699 patients constituted the study population, which was
then divided into the SAA (<430 mm?) and large annulus area
(LAA; >430 mm?) groups according to the annular size. The
study flowchart is shown in Supplementary Figure 1.

DEVICE DESCRIPTION

The valve sizes of the BE-THVs were 20, 23, 26, and 29 mm.
Device size was determined at each institution using standard
sizing charts, with a general recommendation to avoid
oversizing by more than 20%. Predilatation, post-dilatation,
and the approach route were determined by each institution’s
Heart Team, with approaches limited to transfemoral,
transapical, or direct aortic access during this period, as
subclavian access was not approved.

DATA DEFINITION AND STUDY ENDPOINTS

The OCEAN-TAVI database includes baseline
patient characteristics, laboratory data, transthoracic
echocardiography (TTE) findings, and CT parameters. The
severity of aortic stenosis was determined by the aortic
valve area (AVA), indexed AVA, peak aortic valve velocity,

Abbreviations

BE-THV balloon-expandable transcatheter ~ LAA large aortic annulus PVL paravalvular leakage
heart valve mPG mean pressure gradient SAA small aortic annulus

BVF bioprosthetic valve failure PPM prosthesis-patient mismatch TAVI transcatheter aortic valve

EOA effective orifice area implantation
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or mPG. All procedural complications, including vascular
complications, bleeding, stroke, acute kidney injury, and
newly required pacemaker implantation (PMI) were evaluated.
The postprocedural TTE was performed during the index
hospital stay before discharge. All procedure-related variables,
complications, echocardiographic findings - including
paravalvular leakage (PVL) and PPM - and BVF were defined
using VARC-3 criteria’. The postprocedural degree of PVL
was classified as none-trace, mild, moderate, or severe. The
existence of severe PPM was classified as an indexed effective
orifice area (EOA) <0.65 c¢cm? in patients with a body mass
index (BMI) <30 kg/m?, whereas severe PPM was defined as
an indexed EOA <0.55 cm? in patients with a BMI >30 kg/m?.
BVF is defined as the fulfilment of one of the following three
criteria: Stage 1 involves any bioprosthetic valve dysfunction
associated with clinically expressive criteria. This can include
new-onset or worsening symptoms; left ventricular dilation,
hypertrophy, or dysfunction; or the presence of pulmonary
hypertension. Additionally, Stage 1 includes irreversible
Stage 3 haemodynamic valve deterioration (HVD). Stage 3
HVD is characterised by a significant increase in the mean
transvalvular gradient of 20 mmHg or more, resulting in
a mean gradient of 30 mmHg or higher, accompanied by
a reduction in EOA to 0.6 cm? or less, or a decrease of
50% or more. Alternatively, there may be a decrease in the
Doppler velocity index of 0.2 or more, or a decrease of 40%
or more, compared with an echocardiographic assessment
conducted 1-3 months post-procedure. Another indicator
of Stage 1 is the new occurrence or an increase of two or
more grades of intraprosthetic aortic regurgitation (AR),
resulting in severe AR. Stage 2 is defined by the need for an
aortic valve intervention, typically indicating that surgical or
other transcatheter aortic valve (TAV)-in-TAV interventions
are necessary to address the valve dysfunction. Stage 3 is
characterised by valve-related death, or death that is presumed
to be directly related to bioprosthetic valve dysfunction,
signifying the most severe form of failure. Patients who have
died as a result of prosthetic valve endocarditis (PVE) are also
classified under Stage 3 BVE The primary endpoints were
the incidence of all-cause mortality and BVF in the overall
cohort and within the SAA or LAA groups. A subanalysis
investigated the prognosis and frequency of BVF in patients
with and without a postprocedural mPG >20 mmHg and
severe PPM. Additionally, sex differences were analysed
by comparing SAA and LAA outcomes between males
and females. Heart failure (HF) rehospitalisation was also
evaluated as a secondary outcome.

STATISTICAL ANALYSIS

Continuous variables are expressed as mean=standard
deviation and median with interquartile range. Categorical
data were compared between the groups using chi-square
tests. Differences in non-categorical data were tested
using the unpaired Student’s t-test or Mann-Whitney
U test, depending on the variable distribution. For the
primary outcome, the Kaplan-Meier method was used to
estimate the cumulative incidence of all-cause mortality.
An exposure-adjusted event rate of BVF was estimated
by dividing the number of events reported by the total
follow-up time of the study population and reported using
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a patient-year unit (per 1,000 patient-years), based on the
recommendation of the VARC-3 criteria’. The cumulative
incidence function was used to estimate the incidence of
BVE, accounting for competing risk, with death without
BVF treated as a competing event. The Fine and Gray model
was developed to analyse the association with the risk
of BVF events while appropriately addressing competing
risks. To detect the predictors of the primary endpoint of
all-cause mortality, clinical variables in the univariable
analysis (p<0.05) were included in a multivariable Cox
regression analysis. A subsequent multivariable model
that included all significant variables and hazard ratios
(HRs) was constructed, and the 95% confidence intervals
(CIs) were estimated. The interaction between annular size
and the primary endpoint was evaluated using a forest
plot. This analysis examined whether the incidence of
the primary endpoint differed between the SAA and LAA
groups depending on baseline characteristics such as patient
demographics, postprocedural mPG, and the presence
of severe PPM. All statistical analyses were performed
using SPSS software, version 22 (IBM). Differences were
considered statistically significant at a p-value<0.05, and
95% Cls are reported as appropriate.

Results

BASELINE CHARACTERISTICS

The baseline patient characteristics are presented in Table 1.
In the overall cohort, the average age was 84.4 years old, and
33.4% were male. There were numerous differences in the
clinical and echocardiographic variables between the groups.
The proportion of males was lower in the SAA group,
whereas it was higher in the LAA group (15.4% vs 68.9%;
p<0.001). Patients in the SAA group had smaller body sizes,
resulting in lower creatinine levels, although there was no
significant difference in the estimated glomerular filtration
rate. In the SAA group, increased peak flow velocity and
mPG on echocardiography were observed, and stroke volume
was lower. Procedurally, predilatation was more frequently
performed in the LAA group.

POSTPROCEDURAL ECHOCARDIOGRAPHIC PARAMETERS
AND PROCEDURAL OUTCOMES

Postprocedural echocardiographic parameters and procedural
variables are presented in Table 2. Both EOA and indexed
EOA were significantly smaller in the SAA group than in
the LAA group. The postprocedural peak velocity and mPG
were higher in the SAA group. The prevalence of an mPG
>20 mmHg was significantly higher in the SAA group than
in the LAA group (8.5% vs 1.8%; p<0.001). The rate of
severe PPM was also higher in the SAA group than the LAA
group (3.0% vs 1.0%). Except for the rate of PMI (6.9% vs
3.6%; p=0.001), the incidences of procedural complications
were similar between the two groups. Important variables are
summarised in Supplementary Figure 2.

LONG-TERM OUTCOMES

The median follow-up period was 4.8 years (interquartile
range 2.4-5.7), with a maximum of 8.8 years after TAVL. At
the 5-year mark, the follow-up rate reached 85.7%. A total
of 1,139 deaths were observed, with a 7-year cumulative



Table 1. Baseline characteristics between the SAA and LAA groups.

Overall SAA LAA value
(n=2,699) (n=1,793) ) F

Clinical variables
Age, years
Male
Height, cm
Body weight, kg
BMI, kg/m?
BSA, m?
Hypertension
Diabetes
Coronary artery disease
Peripheral artery disease
Atrial fibrillation
Previous stroke
NYHA [1I/1V
Chronic kidney disease
Haemodialysis
COPD
Previous CABG
Blood examinations
Creatinine, mg/dL
eGFR, mL/min/1.73 m?
Echocardiographic variables
AVA, cm?
Indexed AVA, cm?/m?
Peak flow velocity, m/sec
Peak PG, mmHg
mPG, mmHg
LVEF, %
Stroke volume, mL
CT variables

Annulus size of area, mm?

Annulus size of perimeter, mm

Procedural variables
Transfemoral access
Transapical access
Direct aortic access
Predilatation
Post-dilatation

THV size
20 mm
23 mm
26 mm

29 mm

84.36+5.25
901 (33.4)
151.05+9.31
51.15+10.56
22.34+3.73
1.45+0.17
2,278 (84.4)
806 (29.9)
957 (35.5)
277 (10.3)
622 (23.0)
313 (11.6)
986 (36.5)
1,890 (70.0)
3(0.1)
223 (8.3)
110 (4.1)

1.02+0.58
51.53+18.34

0.64+0.18

0.44+0.12

4.44+0.78
81.28+28.00
47.30+17.42
60.15+12.31
65.59+18.98

412.31+76.97
72.84+7.30

2,620 (97)
50 (2)
20 (1)

1,042 (38.6)

575 (21.3)

175 (6)
1,528 (57)
829 (31)
167 (6)

Long-term valve durability and outcomes of BE-TAVI

84.78+5.10
277 (15.4)
147.92+7.81
48.75+9.70
22.23+3.80
1.40+0.15
1,537 (85.7)
507 (28.3)
582 (32.5)
186 (10.4)
362 (20.2)
202 (11.3)
647 (36.1)
1,255 (70.0)
1(0.1)
112 (6.2)
63 (3.5)

0.97+0.58
51.33+18.23

0.62+0.17

0.45+0.12

4.50+0.76
83.45+28.18
48.52+17.63
62.16+11.43
64.13+18.09

368.21+37.05
69.13+4.62

1,742 (97)
30 (2)
14 (1)

641 (35.8)

376 (21.0)

175 (10)
1,440 (80)
178 (10)
0(0)

83.54+5.45
624 (68.9)
157.24+8.95
55.89+10.61
22.56+3.58
1.565+0.17
741 (81.8)
299 (33.0)
375 (41.4)
91 (10.0)
260 (28.7)
111 (12.3)
339 (37.4)
635 (70.1)
2(0.2)
111 (12.3)
47 (5.2)

1.11+0.57
51.94+18.56

0.68+0.19

0.44+0.12

4.32+0.78
77.00+27.14
44.89+16.77
56.17+12.99
68.48+20.35

499.58+58.85
80.11+6.02

878 (97)
20 (2)
6 (1)
401 (44.3)
199 (22.0)

0(0)
88 (10)
651 (72)
167 (18)

<0.001
<0.001
<0.001
<0.001
0.030
<0.001
0.009
0.013
<0.001
0.846
<0.001
0.492
0.524
0.995
0.262
<0.001
0.297

<0.001
0.417

<0.001

0.410
<0.001
<0.001
<0.001
<0.001
<0.001

<0.001
<0.001

0.66

<0.001

0.590
<0.001

Values are numbers (%) or mean+SD. Standardised difference for categorical variables and standardised mean difference for continuous variables.

AVA: aortic valve area; BMI: body mass index; BSA: body surface area; CABG: coronary artery bypass grafting; COPD: chronic obstructive pulmonary

disease; CT: computed tomography; eGFR: estimated glomerular filtration rate; LAA: large aortic annulus; LVEF: left ventricular ejection fraction;
mPG: mean pressure gradient; NYHA: New York Heart Association; PG: pressure gradient; SAA: small aortic annulus; SD: standard deviation;

THV: transcatheter heart valve
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Table 2. Postprocedural echocardiographic parameters and procedural variables.

Overall SAA
(n=2,699) (n=1,794)

Postprocedural echocardiographic variables

EOA, cm? 1.63+0.44
Indexed EOA, cm?/m? 1.13+0.29
Peak flow velocity, m/sec 2.38+0.45
Peak PG, mmHg 23.46+10.41
mPG, mmHg 12.22+4.87
mPG >20 mmHg 168 (6.2)
PVL >mild 654 (24)
PVL

None-trivial 2,028 (75)

Mild 625 (23)

>Moderate 29 (1)

PPM
None 2,230 (84)
Moderate 377 (14)
Severe 52 (2)
Procedural complications (in-hospital)

In-hospital death 27 (1.0)
Conversion to open-heart surgery 13 (0.5)
Major stroke 13 (0.5)
>Major bleeding 126 (4.7)
Major vascular complication 96 (3.6)
Cardiac tamponade 22 (0.9)
New pacemaker implantation 157 (5.8)

LAA
(n=905)

1.51+0.38 1.86+0.46 <0.001
1.09+0.27 1.21+0.31 <0.001
2.46+0.46 2.21+0.39 <0.001
25.11+11.25 20.19+7.47 <0.001
13.13+4.92 10.41+4.23 <0.001
152 (8.5) 16 (1.8) <0.001
430 (24) 224 (25) 0.76
0.88
1,355 (76) 673 (75)
411 (23) 214 (24)
19 (1) 10 (1)
<0.001
1,432 (81) 798 (90)
295 (16) 82 (9)
45 (3) 7 (1)
16 (0.9) 11(1.2) 0.554
11 (0.6) 2(0.2) 0.241
11 (0.6) 2(0.2) 0.127
92 (5.1) 34 (3.8) 0.133
65 (3.6) 31(3.4) 0.877
15 (1.0) 6 (0.7) 0.530
124 (6.9) 33(3.6) 0.001

Values are numbers (%) or mean+SD. Standardised difference for categorical variables and standardised mean difference for continuous variables.
EOA: effective orifice area; LAA: large aortic annulus; mPG: mean pressure gradient; PG: pressure gradient; PPM: prosthesis-patient mismatch;

PVL: paravalvular leakage; SAA: small aortic annulus; SD: standard deviation

mortality rate of 57.2%, while BVF occurred in 3.2% and
BVF-related mortality was 1.2% (Figure 1A). The cumulative
all-cause mortality rate at 7 years after TAVI was lower in
the SAA group than in the LAA group (55.2% vs 58.6%;
p<0.001, log-rank test) (Central illustration). The Cox
regression multivariable analysis identified multiple clinical
variables associated with an increased risk of late all-cause
mortality after TAVI, whereas an SAA was not related to late
mortality (HR 1.07, 95% CI: 0.85-1.36; p=0.56) (Table 3).
In addition to the analysis comparing small versus large
annulus groups, a multivariable analysis was also performed
for the CT-derived annulus area (per 1 mm? increase) and
annulus perimeter (per 1 mm increase). However, neither an
increase in area (per 1 mm?) nor in perimeter (per 1 mm)
was associated with long-term mortality risk (HR 1.00,
95% CI: 0.99-1.00; p=0.22; HR 1.00, 95% CI: 0.99-1.02;
p=0.69, respectively). An interaction was observed between
annulus size and sex (p for interaction=0.03) (Figure 2A).
However, when stratified by sex, there was no consistent
trend favouring worse outcomes in the SAA group in either
the male or female subgroup (Figure 2B-Figure 2C). In both
sexes, hazard ratios varied among subpopulations, and
no subgroup demonstrated a uniformly poorer prognosis
associated with smaller annulus area. The comparison of
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prognosis between SAA and LAA by sex showed that, in
males, those with an SAA tended to have a lower mortality
rate (61.8% vs 64.9%; p=0.053), while in females, no
significant difference was observed between the groups
(44.6% vs 54.0%; p=0.27) (Figure 3A-Figure 3B). Subgroup
analysis for mPG 220 mmHg and severe PPM showed no
significant difference in long-term outcomes between the SAA
and LAA groups (Supplementary Figure 3A-Supplementary
Figure 3B). Focusing on the SAA group, the incidence
of mPG >20 mmHg and severe PPM did not reveal any
significant difference in terms of mortality (Supplementary
Figure 4A-Supplementary Figure 4B). In the Cox univariable
analysis, an mPG >20 mmHg was not significant, whereas
an increase of 1 mmHg in the mPG suggested a potential
reduction in mortality risk. Based on this finding, mPG
(per 1 mmHg increase) was included in the multivariable
analysis, but it did not reach statistical significance. Severe
PPM tended to be associated with increased mortality in the
univariable analysis; however, this association was attenuated
in the multivariable analysis. Regarding HF risk, Fine-Gray
analysis showed a trend towards a higher risk in the SAA
group in univariable analysis, but this was not significant
in multivariable analysis, where other clinical factors were
identified as independent predictors (Supplementary Table 1).
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Bioprosthetic valve failure (n=63)

10 cases HVD Stage 3 (mPG1+EQA )

1 case HVD Stage 3 (new-onset severe AR)

3 cases CHF due to mPG/ by thrombosis
1case CHF due to mPG1 by SVD

9 cases CHF due to PVL >moderate
1case CHF due to PVE

2 cases Explant and SAVR for PVE

2 cases Explant and SAVR for failed THV

6 cases TAV-in-TAV for failed THV

Stage 3 (n=28) 2.5 events/ 1,000 patient-years

Overall population
(N=2,699; 11,088 patient-years)

o0 00909880 o0 90 0000900

5.7 events/1,000 patient-years

Stage 1 (n=25) 2.3 events/1,000 patient-years

22 cases PVE-related death
4 cases Death by HF in PVL >moderate
2 cases SCD after detection of BVD

Figure 1. Cumulative incidence of all-cause death, all BVFE, and valve-related death in the overall cobort up to 7 years after TAVI.
The all-cause mortality rate was 57.2%, all BVF rate was 3.2%, and valve-related death rate was 1.2% (A). The overall BVF
events rate was 5.7 events per 1,000 patient-years, with stage-specific rates as follows: Stage 1: 2.3 events, Stage 2: 0.9 events,
and Stage 3: 2.5 events per 1,000 patient-years (B). AR: aortic regurgitation; BVD: bioprosthetic valve deterioration;

BVE: bioprosthetic valve failure; CHF: congestive heart failure; EOA: effective orifice area; HF: heart failure;

HVD: haemodynamic valve deterioration; mPG: mean pressure gradient; PVE: prosthetic valve endocarditis; PVL: paravalvular
leakage; SAVR: surgical aortic valve replacement; SCD: sudden cardiac death; SVD: structural valve deterioration;

TAV: transcatheter aortic valve; TAVI: transcatheter aortic valve implantation; THV: transcatheter beart valve

THE INCIDENCE OF BVF

The results of the Fine-Gray competing risk regression analysis
to predict the association between patient characteristics and
BVF are presented in Table 4. The presence of SAA, CT-derived
annulus area (per 1 mm?2 increase), and annulus perimeter (per
1 mm increase) were not associated with increased risk of BVF
after TAVL In addition, the presence of an mPG >20 mmHg
and severe PPM were not found to be risk factors of BVE
According to the VARC-3 criteria, the overall incidence rate
of BVF was 5.7 events per 1,000 patient-years (n=63) during
a total follow-up period of 11,088 patient-years (Figure 1B).
Among the 63 BVF cases, Stage 1 BVF occurred at 2.3 events
per 1,000 patient-years (n=25), Stage 2 BVF at 0.9 events per
1,000 patient-years (n=10), and Stage 3 BVF at 2.5 events
per 1,000 patient-years (n=28). Regarding the relationship
between annular size and BVF, patients with SAA and LAA
had nearly identical incidence rates of BVF (5.6 vs 5.9 events
per 1,000 patient-years; p=0.80), and Gray’s test also showed
no significant difference in the cumulative incidence of
BVF between the groups (3.3% vs 2.7%; p=0.83) (Central
illustration). The frequency of BVF between SAA and LAA
was examined by sex. In males, there was no significant
difference (2.6% vs 3.6%; p=0.37), and in females, no
significant difference was found either (4.1% vs 1.6%; p=0.14)
(Figure 3C-Figure 3D). Subgroup analysis of mPG >20 mmHg

and severe PPM demonstrated no significant differences in
the incidences of BVF between groups, irrespective of their
presence (Supplementary Figure 3C-Supplementary Figure 3D).
Similarly, within the SAA group, neither mPG >20 mmHg
nor severe PPM was associated with a significant difference
in BVF incidences (Supplementary Figure 4C-Supplementary
Figure 4D).

Discussion

The main findings of this study are summarised as follows:
(1) after TAVI with a BE-THYV, the 7-year mortality rate was
57.2%, the incidence of BVF was 3.2%, and BVF-related
death was observed in 1.2%. In addition to the appearance
of structural valve deterioration (SVD), and the new onset
of AR, the involvement of PVE was confirmed in one-third
of the BVF cases. 2) In TAVI using a BE-THV, multivariable
analysis showed no significant differences between the
SAA and LAA groups in terms of HF events or all-cause
mortality. Additionally, the incidence of BVF did not differ
between the groups based on the person-year method
(5.6 events/1,000 patient-years vs 5.9 events/1,000 patient-
years; p=0.80) or Gray’s test (3.3% vs 2.7%; p=0.83). 3) The
SAA group had a higher incidence of severe PPM and mPG
>20 mmHg after TAVI compared to the LAA group. However,
these factors were not identified as predictive factors of late
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Long-term outcomes and durability of a balloon-expandable transcatheter heart valve in small and large annuli.

TAVI with a SAPIEN 3 valve hetween October 2013 and September 2019
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| Considering the heterogeneity of the follow-up period among patients |
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(n=1,793; 7,560 patient-years) (n=906; 3,528 patient-years)

p=0.80*

5.6 events/1,000 patient-years 5.9 events/1,000 patient-years

*p-value comparing SAA vs LAA from a Poisson regression model using the number of BVF
as the dependent variable and log (follow-up duration) as an offset.

Exposure-adjusted events rate Exposure-adjusted events rate
2.3 events/1,000 patient-years (n=18) 1.9 events/1,000 patient-years (n=7)
0.7 events/1,000 patient-years (n=6) 1.1 events/1,000 patient-years (n=4)
2.3 events/1,000 patient-years (n=18) 2.8 events/1,000 patient-years (n=10)

Masanori Yamamoto et al. ® Eurolntervention 2025;21:1350-1363 ¢ DOI: 10.4244/E1J-D-25-00682

Among 2,699 patients who underwent TAVI with a BE-THYV, patients with an SAA (n=1,793) had a lower 7-year mortality rate
compared to patients with an LAA (n=906). Whilst the mortality rate among patients with an SAA was lower than that of those
with an LAA, the adjusted hazard ratio was 1.07 with a 95% confidence interval of 0.85 to 1.36, indicating no statistically
significant difference. Gray’s test also showed no difference in BVF between the SAA and LAA groups. Similarly, the incidence of
BVE assessed by the person-year method did not differ significantly between the two groups. BE-THV: balloon-expandable
transcatheter heart valve; BVF: bioprosthetic valve failure; CI: confidence interval; HR: hazard ratio; LAA: large aortic annulus;
SAA: small aortic annulus; TAVI: transcatheter aortic valve implantation; VARC: Valve Academic Research Consortium
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prognosis or BVF in the entire cohort. Even when focusing
on the data separately by sex, a lack of association was
consistently observed between the sex difference and long-
term outcomes, HF hospitalisation, and BVE.

As TAVI indications continue to expand, one of the key
remaining challenges is clarifying long-term durability of
THYVs, including SVD. The absence of sufficient durability
data has led to different age-based guidelines worldwide.
In Europe, the cutoff age for TAVI and surgical aortic
valve replacement (SAVR) candidates is clearly set at
75 years, while in Japan, the 75-80 age range is considered
a grey zone!'2, The United States has adopted a broader
approach, defining the entire 65-80 age range as a grey zone
for considering both TAVI and SAVR indications®. In the
context of lifetime management for AS patients, it is crucial
to consider differences in life expectancy across racial groups.
Japanese individuals, who are known for their longevity,
have notably higher life expectancies. According to Japan’s
national census, an 85-year-old male typically has around
6 more years to live, while a female of the same age has
about 8 years. In this study cohort, males with an average
age of 83.8 years had a 7-year cumulative mortality rate
of 64.2%, while females with an average age of 84.7 years
had a rate of 52.7%. Although these patients received TAVI,
their survival was markedly worse than that of the general
population. These results highlight that even in Japan,
where life expectancy is among the longest in the world, the
poor long-term outcomes support the appropriateness of the
current age thresholds for TAVI set by different countries.
Although THV durability remains a key issue, the fact that
BVF-related mortality is approximately 1% suggests that
a broader perspective is needed to identify more effective
strategies for improving long-term outcomes in elderly AS
patients.

Recent discussions have increasingly focused on the
in THV postoperative haemodynamics, as
evaluated by echocardiography, based on a patient’s aortic
annulus size. In patients following SAVR, previous studies
have reported that an SAA is associated with inferior
outcomes, haemodynamic limitations, and an elevated risk
of PPM'4!5_ In fact, in this study, an increase in mPG, an
mPG >20 mmHg, and severe PPM were all more prevalent
in the SAA group compared to the LAA group. It is evident
that a larger annulus size facilitates the implantation of
a bigger THV, which results in favourable postoperative
haemodynamic outcomes. Numerous studies, transcending
racial differences in body sizes, have shown that patients with
SAA tend to have an elevated mPG and a higher frequency
of PPM after TAVI using BE-THVs compared to those using
SE-THVs*®t. However, the prognostic implications of these
findings regarding annulus size differences, as well as mPG
elevation and PPM, are still controversial and remain under
debate!®?°, In this study, the proportion of females in the
SAA group was 84.6%, while the proportion of females
in the LAA group decreased to 31.1%. A key aspect in
the discussion of annular size is the consideration of the
patient’s body size, and therefore, an additional analysis
was conducted to investigate sex differences separately.
Indeed, there was a significant interaction between sex
and SAA-LAA status in relation to long-term prognosis.

variation
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Nevertheless, differences in annulus size did not show any
impact on long-term prognosis or BVF in both the male and
female groups.

Particularly in patients receiving a BE-THV, the mPG
elevation showed no correlation with prognosis?!. Moreover,
the prognosis for those implanted with the exceptionally
small 20 mm bioprosthetic valve was similar to that for other
larger valve sizes, as reported in both Japan and Western
countries?>?®, The finding of prior evidence, including the
recent subanalysis of the RCTs, demonstrated comparable
S-year clinical outcomes between patients with SAA and LAA
treated with BE-THVs®. Together, these results suggest that
with appropriate valve sizing and implantation strategies,
a smaller annulus size does not inherently confer worse
long-term outcomes. In line with this, our study also found
no significant association between annular size and the risk
of subsequent HF. The current study further supports this
notion in a real-world cohort with contemporary devices
and diverse patient backgrounds. On the contrary, the
findings of this study show that severe PPM tends to worsen
prognosis. Additionally, the large-scale OCEAN-TAVI
study, which included over 7,000 patients and examined
all THV types, reported that severe PPM may be associated
with poor prognosis**. Given the smaller sample size in
our cohort compared to previous OCEAN-TAVI data, it is
possible that the current study is underpowered to detect
the prognostic significance of severe PPM. Therefore, the
influence of severe PPM on long-term outcomes remains an
important issue that warrants further investigation in larger
cohorts.

In this study, BVF was strictly evaluated according to the
VARC-3 definition. However, the Fine-Gray competing risk
regression analysis did not identify significant risk factors
of BVE. This may be due to an insufficient number of BVF
events in our cohort. Recent national registry data have
reported that factors such as age, mPG >20 mmHg, and
postprocedural AR >grade 2, etc., were associated with
an increased risk of reintervention after TAVI?. Given this
context, the number of cases with severe PPM or an mPG
>20 mmHg in our study was relatively low, making it difficult
to determine whether these factors are truly unrelated
to BVE. Therefore, a larger cohort is needed to further
evaluate these associations. However, a unique feature of
the OCEAN-TAVI registry is that patients treated at a given
institution tend to receive follow-up care and consultations
there as well. Since 2023, TAV-in-TAV for BVF has been
approved in Japan, and nearly all patients have undergone
TAV-in-TAV procedures at the same institution where they
were initially treated. The 0.9 events/1,000 patient-years for
THV explants and TAV-in-TAV reinterventions performed
up to the 7-year mark can be considered a favourable
outcome. Another important point to note is the fact that
more than one-third of BVF cases were associated with PVE
(n=24) as the underlying cause. Among these, 22 patients
died as a result of PVE-related complications. Moreover,
13 cases of PVE were found that did not lead to BVF and
were treated successfully with antibiotics (data not shown).
The high in-hospital mortality rate following THV explant
due to PVE emphasises the necessity of early diagnosis and
appropriate preventive approaches?®. As TAVI patients are
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Figure 2. Subgroup analysis of the association between annular size and all-cause mortality. Overall cobort (A), male patients
(B), female patients (C). BSA: body surface area; CFS: Clinical Frailty Scale; CI: confidence interval; LAA: large aortic annulus;
mPG: mean pressure gradient; PPM: prosthesis-patient mismatch; SAA: small aortic annulus; STS-PROM: Society of Thoracic
Surgeons Predicted Risk of Mortality
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Figure 3. The rates of all-cause mortality and BVF between SAA and LAA, focused on differences between sexes. The Kaplan-
Meier curve showed no statistically significant differences in the rate of all-cause death between SAA and LAA in either males or

females (A, B). Adjusted hazard ratios were derived from a Cox regression model adjusted for SAA, age, body mass index,

frailty, New York Heart Association Class I1I/1V, albumin, haemoglobin, baseline mPG, left ventricular ejection fraction,
transfemoral approach, valve size, and postprocedural mPG 220 mmHg. Similarly, Gray’s test indicated that an SAA had no
significant impact on BVF compared to an LAA in males or females (C, D). BVF: bioprosthetic valve failure; CI: confidence
interval; HR: hazard ratio; LAA: large aortic annulus; mPG: mean pressure gradient; SAA: small aortic annulus

mostly elderly, it is essential to emphasise the importance
of infection prevention, including oral care, through patient
education and information exchange among healthcare
providers.

Limitations

This study is based on registry data and has a retrospective
design, which inherently introduces selection bias. Additionally,
events were self-reported by each institution, leading to the
possibility of underreporting. Regarding follow-up data,
survival follow-up beyond 5 years was achieved in over 85%
of patients; however, echocardiographic data were available
for only approximately 70% of these cases. This is a limitation
of registry-based studies, and the presence of missing data
may affect the stability of the results. The slightly higher use
of 26 mm valves in the SAA group likely reflects real-world
practice, where operators have some discretion in borderline
annulus cases. Unlike strictly controlled RCTs, such variation
is common in daily clinical settings and had a minimal impact
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on our overall findings. This study does not address early-stage
valve deterioration, due to inconsistent echocardiographic
follow-up and variability in measurements, which limited
reliable classification. As a result, we restricted our analysis
to more robust clinical endpoints such as BVE Long-term
prognostic risk factors were properly identified, while the
study could not determine specific predictive factors for BVE
BVF can result from various causes, including structural valve
deterioration, AR, and PVE, making its precise prediction
challenging. Although the frequency of TAV-in-TAV, THV
explant, and BVF in this study was comparable to previous
reports, the data were derived from a single-race Asian
(Japanese) population. Therefore, the applicability of these
findings to Western populations requires further validation.
Body size differences between the Japanese and Western
populations significantly affect the frequency of severe PPM,
which differs considerably in Japanese and Western cohorts.
It is also necessary to assess the impact of this difference on
long-term prognosis and BVE.
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Table 4. The Fine-Gray competing risk regression analysis for predicting BVF.

Univariable analysis

Clinical variables

CT-measured aortic annulus size
SAA (compared to LAA)
Aortic annulus area (per 1.0 mm? increase)

Aortic annulus perimeter (per 1.0 mm increase)

Age (per 1 year increase)
Male (compared to female)
BSA (per 1.0 m? increase)
BMI (per 1.0 kg/m? increase)
Hypertension

Diabetes mellitus

Chronic kidney disease

Atrial fibrillation

Coronary artery disease
Previous CABG

Patient background ]

Albumin (per 1.0 g/dL increase)
eGFR (per 1.0 mL/dL/1.73 m? increase)
Haemoglobin (per 1.0 g/dL increase)

LVEF (per 1.0% increase)
Postprocedural mPG >20 mmHg
Severe PPM

PVL =mild

Transfemoral (compared to non-transfemoral)
20 mm size THV (compared to non-20 mm size THV)

THV size (per 1 size increase)

95% ClI
0.96 0.57-1.60 0.86
0.99 0.99-1.00 0.72
0.99 0.99-1.00 0.98
0.97 0.92-1.01 0.14
1.12 0.67-1.86 0.67
2.87 0.70-11.8 0.14
1.01 0.94-1.08 0.76
0.90 0.77-1.05 0.19
1.05 0.80-1.38 0.71
1.18 0.68-2.05 0.56
1.65 0.98-2.77 0.058
0.83 0.49-1.42 0.50
0.12 0.01-1.14 0.065
1.11 0.69-1.77 0.68
0.99 0.98-1.01 0.51
1.01 0.86-1.18 0.93
1.02 0.99-1.04 0.10
1.56 0.67-3.64 0.30
1.60 0.39-6.49 0.51
1.33 0.78-2.27 0.29
1.76 0.24-12.72 0.57
1.48 0.64-3.43 0.36
0.93 0.74-1.16 0.53

BMI: body mass index; BSA: body surface area; BVF: bioprosthetic valve failure; CABG: coronary artery bypass grafting; Cl: confidence interval; CT: computed
tomography; eGFR: estimated glomerular filtration rate; HR: hazard ratio; LAA: large aortic annulus; LVEF: left ventricular ejection fraction; mPG: mean
pressure gradient; PPM: prosthesis-patient mismatch; PVL: paravalvular leakage; SAA: small aortic annulus; TAVI: transcatheter aortic valve implantation

Conclusions

In elderly AS patients, longer survival after TAVI remained
poor, while BVF occurred at a low frequency, with only
a small proportion of deaths linked to BVE. Although further
research is necessary to confirm our findings, neither annular
size (regardless of sex) nor echocardiographic parameters of
BE-THV haemodynamics were associated with long-term
prognosis. Furthermore, these factors showed no significant
association with BVE To improve long-term outcomes
following TAVI, a more comprehensive approach to lifetime
management for AS patients may be required.
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BACKGROUND: The new-generation supra-annular, self-expanding Evolut FX system has the potential to facilitate
commissural alignment.

AIMS: We sought to assess the feasibility of coronary cannulation (CC) and the impact of commissural and coronary
alignment on CC execution, as confirmed by post-transcatheter aortic valve implantation (TAVI) computed
tomography (CT).

METHODS: The CANNULATE TAVR EXPANDED study is a multicentre, prospective study which included
consecutive patients who underwent transfemoral TAVI with the Evolut FX, CC, and angiography after valve
deployment. Post-TAVI CT was performed to assess commissural and coronary alignment. Moderate-to-severe
commissural and coronary misalignments based on the ALIGN-TAVR Consortium definition were categorised as
the misalignment group. The primary endpoint was the rate of successful CC after Evolut FX implantation.

RESULTS: A total of 126 patients were included. CC was successful in 100% of cases for the left coronary artery
(LCA) and 96.7% for the right coronary artery (RCA). Moderate-to-severe commissural misalignment was observed
in 13.5%, and moderate-to-severe coronary misalignment was observed in 20.6% (LCA) and 22.2% (RCA).
Misaligned LCA and RCA required significantly longer CC times. In multivariable analysis, factors associated with
suboptimal LCA cannulation were coronary height (odds ratio [OR] 0.73, 95% confidence interval [CI]: 0.57-0.90;
p=0.006) and coronary misalignment (OR 4.58, 95% CI: 1.45-14.47; p=0.009), whereas right coronary cusp width
(OR 0.63, 95% CI: 0.44-0.90; p=0.007) and coronary misalignment (OR 4.64, 95% CI: 1.29-16.74; p=0.019) were
identified for the RCA.
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CONCLUSIONS: High rates of CC, and commissural and coronary alignment post-TAVI with the Evolut FX were
observed in this prospective, multicentre study. Coronary misalignment was identified as the strongest predictor of
suboptimal CC for both the LCA and the RCA.

KEYWORDS: aortic stenosis; commissural alignment; coronary alignment; coronary cannulation; Evolut FX;
transcatheter aortic valve implantation
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s transcatheter aortic valve implantation (TAVI) expands to
Ayounger, lower-risk patients with longer life expectancies,

lifetime management including the need for future
coronary cannulation (CC) becomes crucial. While challenges
in CC after TAVI with tall-frame, supra-annular as compared
to short-frame, intra-annular transcatheter heart valves (THVs)
have been reported, those studies were hindered by the absence
of commissural alignment enforcement during the procedure!
and by the absence of post-TAVI computed tomography (CT) to
better determine both commissural and coronary alignment'2. In
order to optimise commissural alignment following TAVI, device-
specific methods have been proposed and have proven to be
helpful®. The new iteration of the supra-annular, self-expanding
Evolut FX system (Medtronic), whose 3 markers are designed to
align with the valve commissures, has the potential to facilitate
commissural alignment?. We therefore aimed to prospectively
assess the impact of commissural and coronary alignment, as
determined by postprocedural CT, on the feasibility and timing
of CC after TAVI with the Evolut FX in consecutive patients.

‘ Editorial, see page 1295

Methods

STUDY POPULATION AND DESIGN

CANNULATE TAVR EXPANDED is an investigator-driven,
prospective, multicentre study enrolling consecutive patients
undergoing TAVI for severe symptomatic aortic stenosis (AS) using
the Evolut FX and subsequent CC and angiography immediately
after valve implantation from March 2023 to February 2024.
Patients undergoing a valve-in-valve procedure, those undergoing
non-transfemoral access, those having an Evolut FX that was not
implanted into the proper anatomical position, and those with
unstable haemodynamics were excluded. All patients underwent
multidetector CT before and after TAVI. The study protocol was
developed in accordance with the Declaration of Helsinki and was
approved by the ethics committee of each participating hospital.
All patients provided informed consent prior to participating in
this prospective registry.

PERIPROCEDURAL CT IMAGING

PRE-TAVI ANALYSIS

Aortic root complex measurement was performed as
previously described’. Coronary heights were measured from
the annular plane to the inferior border of each coronary
ostium in a stretched multiplanar image. Sinus of Valsalva
(SoV) diameters were tracked from the commissure to the
opposite side of each coronary sinus. The sinotubular junction
(STJ) width was measured as an average of the shortest and
longest diameters at the level of the STJ. The angles between
the commissure and each coronary ostium were measured.
The percentage of annular oversizing was calculated as
(THV perimeter/annular perimeter — 1) x 100. The THV-SoV
relation percentage was calculated as (THV diameter/SoV
mean diameter — 1) x 100".

Coronary cannulation after Evolut FX

Impact on daily practice

Coronary cannulation after transcatheter aortic valve
implantation (TAVI) with tall-frame,
transcatheter heart valves (THVs) has been reported to be
challenging. In this study, we demonstrated that coronary
cannulation after TAVI with the new-generation Evolut FX
— implanted using best contemporary practice — was highly
feasible due to a high achievement rate of commissural and
coronary alignment. We furthermore identified coronary
misalignment as a strong predictor for suboptimal coronary
cannulation of both the left coronary artery and the right
coronary artery. Larger multicentre studies are required to
confirm whether a newer-generation THV platform can
further improve coronary access.

supra-annular

POST-TAVI ANALYSIS

Using the 3 orthogonal multiplanar reconstruction planes,
a centreline perpendicular to the THV was generated, and
the outflow and inflow levels of each THV were identified.
The angle between the native commissure and the THV
commissure was assessed using end-diastolic phase data.
At the cross-sectional level of the THV leaflet coaptation,
the positions of the THV commissures were identified and
marked. Then, the native commissures were identified in
a cross-section perpendicular to the axis of the aorta, and the
angle relative to the centre of the THV frame was measured.
Likewise, the ostium of each coronary was identified in
a similar fashion, and 2 angles were measured: from the left
coronary artery (LCA) ostium to its nearest THV commissure
marker, and from the right coronary artery (RCA) ostium to
its nearest THV commissure marker®. The horizontal distance
between the THV and ST] was measured.

The definitions for the degrees of commissural and coronary
misalignments were based on the Alignment of Transcatheter
Aortic-Valve Neo-Commissures (ALIGN-TAVR) Consortium’.
Moderate-to-severe commissural and coronary misalignment
were categorised as the misaligned group, and two groups
(aligned vs misaligned) were compared for further analysis.
CT analysis post-TAVI was performed by experienced analysts
with documented high reproducibility®.

PROCEDURE DETAILS

All enrolled patients underwent transfemoral TAVI using the
Medtronic Evolut FX system. Prosthesis size and access site
were decided by the local Heart Team based on the findings
of preprocedural echocardiography and multidetector CT
images. Detailed TAVI procedures have been previously
described®. All the procedures followed the current best
practice (Figure 1): an Evolut FX was inserted with the flush
port of the delivery catheter positioned at 3 o’clock, and the
position of the hat marker was assessed at the descending
aorta. If the hat marker was not located at the outer curve

Abbreviations
cc coronary cannulation LCA
cT computed tomography RCA

left coronary artery
right coronary artery THV

TAVI  transcatheter aortic valve implantation
transcatheter heart valve
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Figure 1. Steps of transfemoral TAVI using the Evolut FX. This figure shows the key steps of transfemoral TAVI using the
cusp-overlap technique. The red circles show the hat marker; the red brackets show the golden markers. A) The hat marker faces

the outer curve of the descending aorta in the LAO projection. B) The hat marker faces the outer curve of the ascending aorta in
the LAO projection. C) The hat marker faces “centre front” in the cusp-overlap view. D) One marker is at the left-right
commissure (right side) and two markers are towards the non-coronary cusp (left side) of the annulus in the cusp-overlap view.
LAO: left anterior oblique; TAVI: transcatheter aortic valve implantation

of the descending aorta in the left anterior oblique (LAO)
projection, the delivery system was rotated counterclockwise
to achieve the optimal orientation (Figure 1A). The position
of the hat marker was again assessed at the ascending
aorta, to determine whether it remained at the outer curve
(Figure 1B). Finally, valve orientation was confirmed in the
cusp-overlap view and implanted in the same projection
(Figure 1C). Commissural alignment on fluoroscopy was
defined as 1 marker at the left-right commissure (right side)
and 2 markers towards the non-coronary cusp (left side) of
the annulus in the cusp-overlap view (Figure 1D).

Immediately after valve implantation, CC of both the
LCA and RCA was attempted via either a femoral or radial
approach. Judkins left (JL) 3.5 and Judkins right 4 diagnostic
catheters were used as default catheters to engage the LCA
and RCA, but different types of diagnostic catheters were
chosen per the operators’ discretion if the initial catheters
were deemed inadequate’. Coronary guidewires or guide
extension catheters were not allowed to be used for coronary
cannulation.

ENDPOINTS AND DEFINITIONS

The primary endpoint was the rate of successful CC after
Evolut FX implantation. Secondary endpoints were the
identification of factors associated with the failed or delayed
CC. Consistently with prior studies, CC was defined as
“selective” when the catheter completely engaged the coronary
ostium; “non-selective” when the catheter tip was near the
coronary ostium without complete engagement, but resulting
in adequate opacification of the coronary; or “failed” when
it was deemed impossible to obtain selective or non-selective
coronary engagement, thus precluding proper opacification of
the coronary artery with contrast media injection?. CC was
deemed “successful” when the demonstration of opacification
of the coronary artery with the proximity of the catheter tip
to the coronary ostium, including non-selective injections,
was possible within 10 minutes. We defined suboptimal CC

Eurolntervention 2025;21:1364-1376  Yohei Ohno et al.

as cases of “failed” or longer cannulation time (longer than
the third quartile of cannulation time) with non-selective
cannulation. All clinical and echocardiographic outcomes
were defined according to the Valve Academic Research
Consortium-3 criteria'®.

STATISTICAL ANALYSIS

Continuous variables are expressed as meanzstandard
deviation or median (interquartile range [IQR]), as
appropriate. Categorical variables are described as frequency
and percentage. Continuous variables were compared using
the Student’s t-test or the Mann-Whitney U test depending
on the variable’s distribution, whereas an analysis of variance
(ANOVA) test or the Kruskal-Wallis test were used for
comparing more than 2 groups for normally distributed and
skewed wvariables, respectively. Categorical variables were
compared by the chi-square or Fisher’s exact test. Factors
associated with failed/delayed CC were assessed using logistic
regression analyses. All variables that were significantly
associated with the outcome of interest at univariate analysis
(p<0.10) and those considered clinically relevant were then
included in the multivariable analysis. Results are reported
as odds ratios (ORs) with 95% confidence intervals (CIs).
All p-values reported are 2-sided, and p values<0.05 were
considered significant. All analyses were performed with JMP,
version 15 (SAS Institute).

Results

BASELINE AND PROCEDURAL CHARACTERISTICS

A total of 126 patients (45% female) with a median age
of 81 vyears were enrolled in the CANNULATE TAVR
EXPANDED study. Baseline demographic, clinical, and
CT characteristics according to commissural alignment are
summarised in Table 1. Baseline CT data including annular
size (perimeter and area), coronary heights, sinus of Valsalva
width, STJ width, angles between the commissure and each
coronary, and aortic root angles were comparable between



Table 1. Baseline patient characteristics.

Commissural alignment
Baseline characteristics

Coronary cannulation after Evolut FX

N 126 126 109 17

Age, yrs 126 81 [75-861] 81 [75-86] 81 [76-86] 0.75
Female 126 57 (45) 48 (44) 9 (53) 0.49
Past medical history

Hypertension 126 111 (88) 94 (86) 17 (100) 0.10
Dyslipidaemia 126 101 (80) 88 (80) 13 (76) 0.68
Diabetes 126 45 (36) 39 (36) 6 (35) 0.97
Coronary artery disease 126 45 (36) 42 (39) 3(18) 0.09
CABG 126 12 (10) 12(11) 0(0) 0.15
Annular perimeter, mm 126 76.3[71.2-82.11 76.7[71.3-82.4] 74.8[67.1-81.2] 0.25
Annular area, mm? 126 432 [384-502] 436 [387-504] 419 [349-497] 0.29
LCA height, mm 126 14 [12-16] 14 [12-16] 13[12-16] 0.48
RCA height, mm 126 16 [14-19] 16 [14-19] 15[11-18] 0.10
LCC width, mm 126 31[29-34] 31 [29-35] 31 [28-33] 0.17
RCC width, mm 126 30 [28-33] 31 [28-33] 29 [27-31] 0.09
STJ width, mm 126 28 [25-31] 28 [25-31] 27 [23-31] 0.29
LCA-comm angle, degrees 126 64 [55-71] 64 [65-71] 67 [56-76] 0.44
RCA-comm angle, degrees 126 77 [69-86] 77 [68-84] 85 [76-90] 0.05
Aortic root angle, degrees 126 50.0+9.4 49.7+49.1 51.8+11.0 0.38
Bicuspid aortic valve 126 6 (4.8) 4(3.7) 2(12) 0.19

Values are n (%), meanzstandard deviation, or median [interquartile range]l. CABG: coronary artery bypass graft; comm: commissure; CT: computed
tomography; LCA: left coronary artery; LCC: left coronary cusp; RCA: right coronary artery; RCC: right coronary cusp; STJ: sinotubular junction

the 2 groups. All the TAVI procedures followed the current
best practice, and no cases required a delivery catheter being
retrieved from the ascending aorta to the descending aorta
after crossing the aortic arch. The sizes of Evolut FX used in
this study were also similar between the groups. The median
implantation depth was 3 (IQR 3-3) mm at the non-coronary
cusp (NCC) and 4 (IQR 3-6) mm at the left coronary cusp
(LCC) (Table 2).

COMMISSURAL AND CORONARY ALIGNMENT

Post-TAVI CT was performed in all patients (126/126).
Among them, moderate or severe commissural misalignment
was observed in 13.5% (17/126) patients, and moderate
or severe coronary misalignment was observed in 20.6%
(26/126) and 22.2% (28/126) patients for the LCA and
RCA, respectively (Central illustration). There was no
significant difference regarding valve performance, i.e.,
mean pressure gradient and effective orifice area, between
patients with commissural alignment and misalignment
(mean pressure gradient 7.9 [IQR 5.8-10.5] mmHg vs
10.5 [IQR 7.4-13.7] mmHg; p=0.06, effective orifice area
1.7 [IQR 1.6-1.9] cm? vs 1.7 [IQR 1.6-1.8] cm?; p=0.73,
for commissural alignment vs misalignment, respectively).
No patient with transvalvular aortic regurgitation was
identified. Among the 17 patients with commissural
misalignment, coronary misalignment was observed in
10 (58.8%) for the LCA and 13 (76.5%) for the RCA.
Among the 109 patients with commissural alignment,

coronary alignment was achieved in 93 (85.3%) for the

LCA and 94 (86.2%) for the RCA.

CORONARY CANNULATION OUTCOMES

Coronary artery cannulation was performed via the femoral
artery in 75.4% of cases (95/126), while in 24.6% (31/126),
it was performed via the radial artery. Coronary cannulation
was successful in 100% (126/126) for the LCA and 96.7%
(118/122) for the RCA. Selective cannulation was carried
out in 73.8% (93/126) for the LCA and in 63.1% (77/122)
for the RCA. The median times required for LCA and RCA
cannulation were 99 [IQR 48-175] sec and 140 [IQR 70-290]
sec, respectively. Four cases required switching the catheter
from JL3.5 to JL4; among them, 2 cases were cannulated
selectively, 2 cases non-selectively. No cases required an
access site change for coronary cannulation.

As for the approach site (femoral vs radial) of CC, when we
combine the results of the left radial and femoral approaches
due to the similarity of catheter trajectory, LCA cannulation
time was comparable between the two approaches (p=0.56),
whereas RCA cannulation time via the left radial/femoral
artery was significantly shorter compared with the time
via the right radial approach (p=0.006) (Supplementary
Table 1, Figure 2A). The incidence of selective/non-selective
cannulation for the LCA was comparable between the right
radial versus the left radial approach. However, as for RCA
cannulation, right radial approach cases had less frequent
selective cannulation compared with the left radial approach,
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Table 2. Procedural characteristics based on commissural alignment.

Procedural characteristics

Commissural alignment

N 126 126 109 17
Evolut FX size 126 0.30
23 mm 15 11 (10) 4 (24)
26 mm 31 27 (25) 4 (24)
29 mm 49 42 (39) 7 (41)
34 mm 31 29 (27) 2(12)
NCC depth, mm 126 3 [3-3] 3 [3-3] 3 [3-5] 0.33
LCC depth, mm 126 4 [3-6] 4 [3-6] 4 [4-6] 0.85
Valve angle, degrees 126 42.6+8.8 42.3+8.9 44.6+8.4 0.33
THV/annular oversizing by perimeter, % 126 17.2[13.1-21.4] 17.3[13.4-21.4] 14.3[12.1-20.6] 0.26
THV/SoV relation*, % 126 -7.5[-13.4 t0-3.2] -7.2[-13.4 t0 -3.0] -8[-14.8t0-3.3] 0.74
THV/SoV relation**, % 126 -26.5[-31.3t0-23.0] -26.7 [-31.41t0-23.3] -24.5[-28.7 to-22.0] 0.23
LCA cannulation 126 126 109 17 0.36
Selective 93 82 (75) 11 (65)
Non-selective 33 27 (25) 6 (35)
Failure 0 0 0
LCA cannulation time, sec 126 99 [48-175] 86 [47-165] 188[112-302] 0.002
RCA cannulation 122 122 106 16 0.003
Selective 77 71 (67) 6 (38)
Non-selective 41 34 (32) 7 (44)
Failure 4 1(1) 3(19)
RCA cannulation time, sec 122 140 [70-290] 140 [72-271] 176 [60-592] 0.34
Coronary cannulation access 126 126 109 17 0.24
Via femoral 95 80 15
Via radial 31 29 2
Neo-comm-comm angle, degrees 126 13 [6-22] 10 [5-17] 41 [39-45] <0.001
Commissural misalignment 126 126 109 17 <0.001
None 78 78 (72) 0
Mild 31 31 (28) 0
Moderate 13 0 13 (76)
Severe 4 0 4(24)
Neo-comm-LCA angle, degrees 126 46 [34-53] 49 [36-54] 24 [15-371] <0.001
Coronary misalignment (LCA) 126 126 109 17 <0.001
None 64 62 (57) 2(12)
Mild 36 31 (28) 5 (29)
Moderate 21 15 (14) 6 (35)
Severe 5 1(1) 4(24)
Neo-comm-RCA angle, degrees 126 44 [34-52] 46 [36-53] 251[7-32] <0.001
Coronary misalignment (RCA) 126 126 109 17 <0.001
None 61 58 (53) 3(18)
Mild 37 36 (33) 1(6)
Moderate 20 12 (11) 8 (47)
Severe 8 3(3) 5 (29)
STJ-THV distance, mm 126 2.5[1.9-3.6] 2.5[2-3.7] 2.711.7-3.7] 0.83

Values are n, n (%), meanzstandard deviation, or median [interquartile rangel. *Calculated using the label size diameter provided by the THV

manufacturer. **Calculated using the waist diameter provided by the THV manufacturer. comm: commissure; LCA: left coronary artery; LCC: left coronary
cusp; NCC: non-coronary cusp; RCA: right coronary artery; SoV: sinus of Valsalva; STJ: sinotubular junction; THV: transcatheter heart valve
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This figure shows the highlights of the CANNULATE TAVR EXPANDED study. Coronary cannulation after TAVI with the
Evolut FX was highly feasible due to high achievement rates of commissural and coronary alignment (A-C). Significantly longer
cannulation times were required both for misaligned left and right coronary arteries (D). Coronary misalignment was strongly
associated with suboptimal CC for both the LCA and the RCA (E). CC: coronary cannulation; CT: computed tomographys;
LCA: left coronary artery; RCA: right coronary artery; SoV: sinus of Valsalva; TAVI: transcatheter aortic valve implantation;

Coronary cannulation after Evolut FX
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Coronary
misalignment

SoV width

Coronary
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although it was not statistically significant between the two
groups.

COMMISSURAL ALIGNMENT

Procedural characteristics based on commissural alignment
are depicted in Table 2. Although the selective/non-selective
rate for LCA cannulation was comparable in the aligned
versus misaligned groups, the former required a significantly
shorter cannulation time compared to the latter (p=0.002).
As for RCA cannulation, a significant number of patients
had less selective and more frequent failed cannulation in the
misaligned group (p=0.003); however, the cannulation time
did not differ between the groups (Figure 2B).

CORONARY ALIGNMENT

Procedural characteristics based on coronary alignment are
reported in Table 3. Patients who achieved coronary alignment
showed significantly shorter cannulation times compared to

the misaligned group for both the LCA (p=0.02) and the
RCA (p=0.04) (Central illustration). The selective/non-selective
rate for LCA cannulation was comparable in the aligned and
misaligned coronary groups, whereas a significant number
of patients had less selective and more frequent failed
cannulation in the misaligned group (p=0.0007) for RCA
cannulation.

PREDICTORS OF SUBOPTIMAL CC AFTER TAVI WITH
EVOLUT FX

The main predictors of failed/delayed coronary cannulation
after TAVI with Evolut FX are shown in Table 4 and the
Central illustration. On multivariable analysis, LCA height
(adjusted OR 0.73, 95% CIL 0.57-0.90; p=0.006) and
coronary misalignment (adjusted OR 4.58, 95% CI: 1.45-
14.47; p=0.009) were associated with failed/delayed LCA
cannulation. Predictors of suboptimal CC for the RCA
were sinus of Valsalva width (adjusted OR 0.63, 95% CI:

Eurolntervention 2025;21:1364-1376 ¢ Yohei Ohno et al.
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Figure 2. Coronary cannulation time based on access site and commissural alignment. The median times of left and right

coronary cannulation are shown, based on (A) access site and (B) commissural alignment. Upper whisker: maximum value to

quartile 3; lower whisker: quartile 1 to minimum value; box: interquartile range; central line: median. Comm: commissure;
LCA: left coronary artery; Lt.: left; RCA: right coronary artery; Rt.: right

0.44-0.90; p=0.007) and coronary misalignment (adjusted
OR 4.64, 95% CI: 1.29-16.74; p=0.019). Representative
cases of favourable and unfavourable RCA cannulation with
post-TAVI CT are shown in Figure 3.

Discussion
This study represents the first multicentre dataset to
demonstrate the impact of both commissural and coronary
alignment on CC, as confirmed by post-TAVI CT, after Evolut
FX implantation. Our main findings are as follows: (1) CC
after TAVI with the Evolut FX was successfully achieved
in the majority of our patients; (2) most individuals who
underwent TAVI with the Evolut FX achieved commissural
and coronary alignment; (3) significantly longer cannulation
times were required in misaligned left and right coronary
arteries, compared to those that were aligned; (4) the type
of coronary access site (femoral/left radial vs right radial) did
not impact successful cannulation rates, but RCA cannulation
via right radial access required a longer cannulation time than
via femoral/left radial access; and (5) predictors associated
with suboptimal LCA cannulation were LCA height and
misaligned LCA, whereas factors associated with suboptimal
RCA cannulation were RCC width and misaligned RCA.
The recommended age for indication of TAVI varies among
guidelines'*3, but a recent study showed that a significant

Eurolntervention 2025;21:1364-1376  Yohei Ohno et al.

number of cases have been performed in younger patients,
even below the age of 65 in the United States'*. These patients
have longer life expectancy; therefore, future coronary events
and a need for CC could be anticipated. Previous studies
have reported challenges with coronary access in patients
with supra-annular THVs'2. The ALIGN-ACCESS study
was the first to demonstrate the association of commissural
misalignment and impaired coronary access in patients who
received supra-annular self-expanding THVs?.. However,
only fluoroscopic assessment was utilised in that study, and
no information was obtained regarding coronary alignment,
since post-TAVI CT was not performed. Moreover, only prior
iterations, the Evolut R and PRO, were included for the
CoreValve platform (all Medtronic).

Our CANNULATE TAVR EXPANDED study is the first
multicentre evaluation to show the association of both
commissural and coronary alignment with the feasibility of
CC using the Evolut FX. Thus, we were able to provide new
insights from this study. First, we only included cases with the
new generation of the supra-annular, self-expanding Evolut
FX which has 3 markers located 3 mm from the distal edge of
the stent frame, designed to align with the valve commissures.
This new feature could facilitate achieving “angiography-
guided” commissural alignment, which ultimately helps to
make CC easier®. Indeed, we were able to demonstrate a high
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Table 3. Procedural characteristics based on coronary alignment.

LCA coronary alignment RCA coronary alignment
Procedural : YT . _
N 126 126 100 26 126 126 98 28
Evolut FX size 126 0.0002 126 0.49
23 mm 15 6(6) 9(35) 15 12(12) 3(11)
26 mm 31 26 (26) 5(19) 31 21(21) 10 (36)
29 mm 49 38(38) 11 (42) 49 40 (41) 9(32)
34 mm 31 30 (30) 1(4) 31 25 (26) 6(21)
NCC depth, mm 3 3 3 3 3 3
16 33 [3-3] [3-5] S L T [3-3] [2-4] 062
LCC depth, mm 4 4 4 4 4 4
16 3 [3-6] [4-7] 071126 g [3-6] [4-6] 0.48
THV/annular
Al 17.2 18.1 15.0 17.2 17 182
oversizing by 16 31914 mpezen rersg % 18 314 [134-21.4] 122-21.4] s
perimeter, %
THV/SoV 75 638 -10.2 75 -8 -6.1
relation*, % 126 134t0-32) [133t0-28] [143t0-49 O 156 [134% 30 [134t0-331  [107to28 0%
THV/SoV -26.5 -26.9 —24.6 -26.5 -26.9 -24.8
relation**, % 126 1313102300 [-315t0233] [278t0-2200 OO 126 13134 030) (316102331 [273t0-220] 0¥
Coronary 126 126 100 2 092 122 122 9 26 0.0007
cannulation
Selective 93 74 (74) 19(73) 77 66 (68) 11 (42)
Non-selective 33 26 (26) 727 41 31(32) 11(42)
Failure 0 0 0 4 0 4(16)
Coronary
. 99 83 152 140 129 243
cannulation 126 0.02 122 0.04
fime'. sec [48-175] [48-165] [65-304] [70-290] [72-255] [85-508]
Coronary
cannulation 126 126 100 26 076 126 126 98 28 0.63
access'
Via femoral 95 76 19 95 77 18
Via radial 31 24 7 31 21 10
Neo-comm-comm 13 10 30 13 11 30
angle, degrees 128 [6-22] [5-17] [17-41] <0.001 126 [6-22] [5-18] [10-41] <0.001
Commissural 126 126 100 2% <0001 126 126 98 28 <0.001
misalignment
None 77 72.(72) 5(19) 77 66 (67) 11(39)
Mild 32 2121) 11(42) 32 28 (29) 4(18)
Moderate 14 700 7(27) 14 4 10 (36)
Severe 3 0 3(12) 3 0 3(11)
Neo-comm-CA 46 50 20 44 48 20
angle’, degrees 1% [3453] [42-55] ne2sy 0L 1B g [40-54] e2g <0001
Coronary 156 126 100 26 <0001 126 126 98 28 <0.001
misalignment
None 64 64 (57) 0 61 61(62) 0
Mild 36 36 (28) 0 37 37(38) 0
Moderate 21 0 21(81) 20 0 20 (71)
Severe 5 0 5(19) 8 0 8(29)
STJ-THV 126 25 2.8 2.2 0.048 126 25 2.5 26 0.45
distance, mm [1.9-3.6] [2-3.9] [1.7-3] [1.9-3.6] [2-3.8] [1.6-3.5]

Values are n, n (%), or median [interquartile range]. *Calculated using the label size diameter provided by the THV manufacturer. **Calculated using the
waist diameter provided by the THV manufacturer. 'Corresponds to LCA cannulation for LCA coronary alignment and RCA cannulation for RCA coronary
alignment. ""Corresponds to LCA misalignment for LCA coronary alignment and RCA misalignment for RCA coronary alignment. CA: coronary artery;
comm: commissure; LCA: left coronary artery; LCC: left coronary cusp; NCC: non-coronary cusp; RCA: right coronary artery; SoV: sinus of Valsalva;

STJ: sinotubular junction; THV: transcatheter heart valve
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Table 4. Univariate and multivariable logistic regression analyses of factors associated with suboptimal coronary cannulation.

| Unvarite | Multivariable

Crude OR 95%Cl | pvalue | Adjusted OR 95% Cl

LCA
LCA height, mm 0.75 0.62-0.88 0.001 0.73 0.57-0.90 0.006
LCC width, mm 0.87 0.77-0.97 0.015 1.12 0.81-1.54 0.489
Commissural misalignment 6.34 2.18-20.19 0.001 3.77 0.99-14.24 0.051
LCA coronary misalignment 6.65 2.66-17.50 <0.001 4.58 1.45-14.47 0.009
Radial approach 0.76 0.27-1.29 0.572 0.52 0.15-1.82 0.305
Valve depth <3 mm (LCC) 2.07 0.81-6.03 0.135 1.35 0.42-4.35 0.614
STJ-THV distance, mm 0.81 0.58-1.11 0.193 0.87 0.49-1.48 0.620
THV/annular oversizing, % 0.97 0.90-1.03 0.280 0.99 0.91-1.08 0.855
THV/SoV relation*, % 1.09 1.02-1.18 0.015 1.07 0.91-1.27 0.402
RA |
RCA height, mm 0.88 0.77-0.99 0.030 0.96 0.83-1.12 0.644
RCC width, mm 0.77 0.66-0.89 <0.001 0.63 0.44-0.90 0.007
Commissural misalignment 4.19 1.45-12.43 0.008 1.70 0.37-7.81 0.498
RCA coronary misalignment 4.28 1.70-10.94 0.002 4.64 1.29-16.74 0.019
Radial approach 1.90 0.74-4.71 0.173 1.67 0.48-5.78 0.421
Valve depth <3 mm (NCC) 1.45 0.55-4.30 0.460 2.79 0.80-9.78 0.109
STJ-THV distance, mm 0.65 0.42-0.93 0.019 0.98 0.55-1.74 0.947
THV/annular oversizing, % 0.96 0.89-1.03 0.234 1.02 0.93-1.11 0.705
THV/SoV relation*, % 1.09 1.01-1.18 0.021 0.86 0.72-1.02 0.074

*Calculated using the waist diameter provided by the THV manufacturer. Cl: confidence interval; LCA: left coronary artery; LCC: left coronary cusp;
NCC: non-coronary cusp; OR: odds ratio; RCA: right coronary artery; RCC: right coronary cusp; SoV: sinus of Valsalva; STJ: sinotubular junction;

THV: transcatheter heart valve

commissural alignment rate, which potentially led to the high
successful CC rate for both the LCA (100%) and the RCA
(96.7%). Although we did not retrieve the delivery catheter
from the ascending aorta to the descending aorta in order to
adjust the alignment of the valve, a 3-marker-based further
adjustment could potentially decrease the rate of commissural
and coronary misalignment. Future investigation using CT
simulation might guide us to close the current gap.

The RE-ACCESS 2 study, a similar post-TAVI CC
study but using older-generation THVs (Evolut R/PRO/
PRO+ [Medtronic]) showed a higher rate of unsuccessful
cannulation, compared to our study, for both the LCA (2.5%)
and the RCA (6.3%)". Several factors are considered to be
associated with the CC rate after TAVI, e.g., the type of THV,
operator skill and experience, the study period, etc.; however,
we assume that the above difference was mainly due to the
difference between the Evolut FX and older-generation Evolut
platforms. We experienced 4 cases of failed cannulation for
the RCA (3.3%). Among them, coronary misalignment was
observed in all cases, commissural misalignment in 75% (3/4),
and a bicuspid aortic valve in 50% (2/4). Cusp asymmetry and
coronary ostia eccentricity are frequently observed in patients
with a bicuspid aortic valve!®, so it may have impacted
CC in our study; however, only 6 patients (4.8%) with
a bicuspid aortic valve were included in this study, so further
prospective study is warranted in this specific population.
Second, differently from the previous studies, we performed
post-TAVI CT assessment in all patients, which provided
additional insights. The majority of patients who underwent
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TAVI with the Evolut FX in our series achieved commissural
and coronary alignment, which was in line with our initial
reports®’. Additionally, with detailed analysis of coronary
alignment using post-TAVI CT, we were able to demonstrate
for the first time that coronary misalignment was strongly
associated with suboptimal CC for both the LCA (OR 4.58)
and the RCA (OR 4.64). Coronary misalignment remained
significant even after adjusting for other considerable factors
such as coronary height, the size of the sinus of Valsalva,
STJ-THV distance, commissural alignment, access site,
implanted THV depth, THV/annular oversizing, and THV/
SoV relation. In our study, THV depth was not associated
with suboptimal cannulation, in line with the RE-ACCESS
2 study®. The reasons to explain this are as follows: (1) the
optimal implantation depth is achieved (LCC depth 4 [IQR
3-6] mm, NCC depth 3 [IQR 3-3] mm) in the majority of
the cases, guided by 3 markers located 3 mm from the distal
stent frame, and the operators potentially adjust the depth
based on patients’ anatomy (e.g., implanting slightly deeper
in patients with relatively low coronary takeoff); and (2) the
impact of coronary alignment is much higher than that of
the implantation depth, since the non-accessible stent frame
can be as high as 26 mm (from the distal stent frame, in case
of a severe coronary misalignment case) to as low as 13 mm
(from the distal stent frame, in case of optimal coronary
alignment).

As for the access site, previous studies have all assessed
CC feasibility only from the femoral artery’>'>. Although
a limited number of patients (N=31) received CC from
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Figure 3. Post-TAVI CT showing favourable and unfavourable RCA cannulation. This figure shows post-TAVI CT which shows
favourable (A-C) and unfavourable (D-F) anatomy for RCA cannulation. A) Wide sinus of Valsalva, (B) space between the
Evolut FX 29 mm and the coronary ostium, (C) selective coronary cannulation achieved. D) Narrow sinus of Valsalva, (E)

limited space between the Evolut FX 26 mm and the coronary ostium, (F) non-selective coronary cannulation. CT: computed

tomography; RCA: right coronary artery; TAVI: transcatheter aortic valve implantation

the radial artery in our study, we were able to capture
some important findings. We combined the results of the
left radial and femoral approaches due to the similarity
of their catheter trajectories. The success rate for LCA
cannulation and cannulation time via the right radial
artery were comparable to those via the femoral/left
radial artery approach, whereas for RCA cannulation,
the success rate was comparable between the two groups.
However, cannulation time via the right radial artery
was significantly longer than the time via the femoral/
left radial artery approach. The presence of a tortuous
brachiocephalic artery can limit the subtle manipulation
of the catheter which is required to engage the RCA, and
it can be more prominent in case of a horizontal aorta.
Whether this finding is also relevant in patients undergoing
percutaneous coronary intervention (PCI) warrants further
investigation.

Cannulation of the RCA is usually considered to be more
difficult than that of the LCA. In our study, the size of the
SoV and RCA misalignment were identified as predictors of
suboptimal cannulation. If the patient has a wider SoV, there
is less chance of suboptimal cannulation (OR 0.63). This is in
line with previous studies showing a high THV/SoV relation is
associated with impaired coronary access'?. In case of a small

SoV relative to THV size, the free space between the THV
frame and the coronary ostia is limited; therefore, it makes
it difficult for operators to freely manipulate the catheters,
which negatively impacts CC.

The newest-iteration — Evolut FX+ (Medtronic) - was
designed to improve coronary access. Its frame features
3 large windows which are the size of 4 normal frame cells
and positioned 120 degrees apart between the commissures
without affecting the radial strength or valve performance. It
is considered to facilitate rapid coronary access; however, its
advantage may be attenuated if the valve is implanted with
coronary misalignment. Whether implantation of this latest
platform improves the coronary cannulation success rate and
shortens cannulation time warrants further evaluation.

A previous study has shown the impact of commissural
alignment on performance'”. In that study,
haemodynamic performance indices such as mean pressure
gradient and effective orifice index were not significantly
different between patients with commissural alignment and
misalignment. No transvalvular aortic regurgitation was
identified in that series. However, the relatively small sample
size precludes definitive conclusions, and a larger-scale
study is warranted to investigate the impact of commissural
alignment on valve performance.

valve
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Limitations

Although this study was conducted as a multicentre study,
the operators were highly skilled and experienced in both
structural and coronary interventions; therefore, these
findings might not be reproducible in every centre. The
relatively small sample size of this study might have affected
the results, especially the comparison between CC via the
femoral versus the radial artery; however, this was the
first study to assess CC feasibility from the radial artery
post-TAVI. While larger, multicentre studies are required
to confirm our results, it is important to emphasise that
the prospective nature associated with the inclusion of
consecutive patients and consistent performance of CT post-
TAVTI allowed for interesting insights on this important topic.
Although all the CT analyses performed in this study were
evaluated by experienced interventional imagers in each
large-scale hospital, it should be acknowledged that the CT
analyses in this study were not reviewed by an independent
core laboratory. The success rate of CC could be higher in
the setting of PCI which allows the utilisation of a coronary
guidewire, balloon, and guide extension catheter, which can
facilitate coronary access.

Conclusions

Coronary cannulation after TAVI with the new-generation
Evolut FX was highly feasible when implanted using best
contemporary practice due to a high rate of commissural and
coronary alignment. Significantly longer cannulation times
were required for both misaligned left and right coronary
arteries. Coronary misalignment was associated with
suboptimal CC for both the LCA and the RCA.
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BACKGROUND: Given the poor prognosis of tricuspid regurgitation (TR) patients, there is growing interest in
addressing TR, particularly since the emergence of novel transcatheter tricuspid valve interventions for patients at
high risk for surgery.

AIMS: The TRICURE first-in-human (FIH) study evaluates the initial feasibility and clinical safety of the Topaz
transcatheter tricuspid valve replacement (TTVR) system in treating TR. Featuring a novel dual-stent design, the
system is specifically engineered for the unique anatomy of the tricuspid valve. It has a flexible outer stent with low
radial force designed to accommodate annular dynamics and conform to the non-circular, variable shapes of the
tricuspid valve, coupled to a rigid inner stent aiming to maintain valve function integrity.

METHODS: TRICURE FIH is a prospective, multicentre, first-in-human study with follow-up extending to 5 years.
The primary safety endpoint is a composite measure including all-cause mortality, heart failure rehospitalisation,
and reintervention for failed tricuspid therapy at 30 days. The primary performance endpoint is device success,
defined as a TR reduction >1 grade with no more than moderate TR post-procedure.
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RESULTS: A total of 20 patients were enrolled. The procedure time (from delivery system insertion to removal)
was 35+16 minutes. At 30 days, the primary safety endpoint, a composite of major adverse events, was observed
in 35%, and the primary performance endpoint was successfully achieved in all patients (100%), with all patients
having a TR reduction of at least 3 grades, and none of the patients having more than mild TR post-procedure. No
device-related pacemaker implant was reported. An exemplary case report demonstrates complete elimination of TR
and a reverse remodelling of the right ventricle of 19% at 6 months.

CONCLUSIONS: The TRICURE FIH study provides evidence of the feasibility and safety of a novel TTVR system.
Outcomes need to be confirmed in a larger series. (ClinicalTrials.gov: NCT05126030)

KEYWORDS: femoral; tricuspid disease; TTVR
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nce considered the “forgotten valve”, the
O tricuspid valve has gained increasing attention

due to advances in novel treatment strategies for
tricuspid regurgitation (TR) and a growing recognition of
its prevalence, adverse prognostic impact, and substantial
symptom burden associated with progressive right heart
failure!. Current guidelines acknowledge the rising interest,
supported by encouraging preliminary experience with
transcatheter tricuspid valve interventions>?.

However, the tricuspid valve presents unique anatomical and
physiological challenges compared to other heart valves. For
example, its large orifice area is highly dynamic, influenced by
volume status, while the fragile, three-dimensional D-shaped
undergoes substantial changes throughout the
cardiac cycle’*”. These complexities make the development
and implantation of novel transcatheter therapies particularly
challenging.

Evidence has been published in support of transcatheter
tricuspid valve repair; however, certain patient anatomies —
such as large annuli, large coaptation gaps, severe tethering,
or right ventricular dysfunction — may be better suited
tricuspid valve replacement (TTVR).
Furthermore, TTVR offers potential advantages such as
shorter procedure times, more effective TR reduction, greater
procedural reproducibility, and the option for future valve-
in-valve procedures™. To date, the EVOQUE valve (Edwards
Lifesciences) is the only TTVR system to have received both
European Conformity (CE) certification and U.S Food and
Drug Administration (FDA) approval, underscoring the need
for other TTVR systems.

The Topaz TTVR system (TRiCares) has been specifically
designed to address the challenges of tricuspid valve
replacement. Its innovative dual-stent design consists of
a flexible outer stent and a more rigid inner stent. The
outer stent features extremely low radial force, designed to
minimise the risk of conduction disturbances while seamlessly
adapting to the various native annulus morphologies. The
inner stent, which houses the trileaflet valve and serves as
the “replacement valve”, is designed to maintain a circular
shape, thereby ensuring long-term valve integrity and reliable
haemodynamic  performance. Additionally, atraumatic
anchors aim to provide secure and stable fixation below the
annulus within the native leaflets (Central illustration, Moving
image 1).

The TRICURE first-in-human (FIH) study intends to
evaluate the feasibility and initial safety of the Topaz TTVR
system. This report presents the study’s primary endpoints
along with an exemplary case report with 6-month follow-up.

Methods

STUDY DESIGN

The TRICURE FIH study is a prospective, multicentre, single-
arm study conducted at 8 centres in Europe. Clinical follow-up

annulus

for transcatheter

Impact on daily practice

The TRICURE first-in-human study demonstrated the
feasibility of the Topaz transcatheter tricuspid valve
replacement (TTVR) system, featuring an innovative
double-stent design. Although initial procedural challenges
led to refinements in screening and implant technique,
the consistently short procedure times, absence of device-
related pacemaker implantation, and successful elimination
of tricuspid regurgitation in nearly all patients support the
device design and position the valve as a promising alternative
to existing technologies. These encouraging results have led
to the launch of two studies aiming to further evaluate the
Topaz TTVR system in a broader patient population.

is scheduled at 30 days, 3 and 6 months, and annually at
1, 2, 3, 4, and 5 years. Follow-up assessments include
a physical examination, electrocardiography, laboratory
tests, echocardiography, a 6-minute walk test, and quality-
of-life evaluation using the Kansas City Cardiomyopathy
Questionnaire. A computed tomography (CT) assessment will
be performed at the 6-month follow-up.

Approval was obtained from the competent authorities and
all site ethics committees, and all patients provided written
informed consent. Study oversight was ensured through an
independent clinical events committee that adjudicated all
adverse events (including all safety endpoints), an independent
data monitoring committee, a screening committee, and
independent core laboratories (MedStar Health Research
Institute and Georgetown University, Washington, USA, for
echocardiography and St. Paul’s Cardiac CT Core Laboratory,
Vancouver, Canada, for CT imaging). The trial is registered at
ClinicalTrials.gov: NCT05126030.

PATIENT POPULATION

Key inclusion criteria were age above 18 years; TR grade
>3 (on a 0 to 5 scale)’, as assessed by an independent core
laboratory, and/or symptoms requiring diuretic therapy; New
York Heart Association (NYHA) Class >II; and patients not
eligible for tricuspid valve surgery due to high operative
risk, as determined by the site Heart Team. Major exclusion
criteria included a need for emergent or urgent intervention or
any planned cardiac intervention within 12 months; cardiac
interventions within 30 days prior to the index procedure;
concomitant clinically relevant mitral, aortic, or pulmonary
regurgitation or stenosis; prior tricuspid valve replacement
or repair with a device i situ; and severe pulmonary
hypertension (Supplementary Table 1).

STUDY DEVICE AND PROCEDURES
The TRiCares Topaz TTVR comprises  four
components: (1) the heart valve prothesis; (2) the introducer

system

Abbreviations

cT computed tomography NYHA New York Heart Association TR tricuspid regurgitation

FIH  first-in-human TAPSE tricuspid annular plane systolic TTVR transcatheter tricuspid valve
MAE  major adverse events excursion replacement
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TRICURE first-in-human study

Anchoting in native
tricuspid leaflets

Primary safety endpoint - 30-day hierarchical composite incl.
* All-cause mortality (n=3)

o Elective reintervention (n=2)

 Non-elective reintervention (n=1)

 Rehospitalisation for heart failure (n=1)

Endpoint observed in 7 patients

TTVR: transcatheter tricuspid valve replacement

TRICURE first-in-human study assessing the TRiCares Topaz transcatheter tricuspid heart valve system.

Purpose To assess the feasibility and safety of the TRiCares Topaz transcatheter heart valve system in patients with tricuspid regurgitation
not eligible for open heart surgery
Design Prospective, multicentre, international, single-arm first-in-human study enrolling 20 patients

Key design features of the Topaz TTVR system Y%
o Softer outer stent with low radial force :
o o Rigid inner stent i N
"4 e Atraumatic anchors 1" A
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Data were adjudicated by a clinical events committee and assessed by a core laboratory. TR: tricuspid regurgitation;

The TRICURE first-in-human study

Central lllustration

Primary performance endpoint

TR reduction by at least one grade

TR reduction by 3 or more grades in 100%
o TR reduced to none/mild in 100%
Endpoint metin 100%

system; (3) the delivery system for transcatheter access,
which together with the introducer system constitutes the
implantation system; and (4) the loading system.

The Topaz heart valve prosthesis is a self-expanding
biological artificial heart valve with a double-stent design
consisting of an outer stent and an inner stent, both made
of nitinol. The outer stent safely anchors the prosthesis in
an orthotopic position by means of an hourglass shape
(v-groove) and 12 atraumatic anchors. The inner stent serves
as the skeleton for the trileaflet heart valve, which is made
of porcine pericardium. The seal, also made of porcine
pericardium, is designed to prevent intraprosthetic as well as
paravalvular leakage. The available valve size was suitable for
native annulus sizes of up to approximately 45 mm.

The introducer system consists of a steerable sheath (29 Fr)
and a dilator compatible with a 0.035 inch guidewire. The
delivery system is designed as a pullback system and has a soft,
radiopaque tip aiming to prevent damage to the ventricle, as
well as a stent holder designed to securely attach the Topaz
prosthesis. The outer shaft maintains the crimped state of the
prosthesis until a controlled release is intentionally initiated
with the deployment wheel on the delivery system handle.
The radiopaque marker band of the outer shaft allows for
visual position control under fluoroscopy during deployment.

An animation of TTVR with the Topaz system is provided as
Moving image 1.

Baseline  assessments  included  transthoracic  and
transoesophageal echocardiography, CT, and right heart
catheterisation.  Anticoagulation therapy was to be
prescribed according to hospital standard of care for heart
valve replacement and/or following the European Society
of Cardiology/European Association for Cardio-Thoracic
Surgery (ESC/EACTS) Guidelines for the management of
valvular heart disease?.

ENDPOINTS AND DEFINITIONS

The primary safety endpoint is a composite endpoint measure
that includes all-cause mortality, rehospitalisation for heart
failure, and reintervention for failed tricuspid intervention at
30 days. In cases where the patient was still in hospital on day
30 post-intervention, this was considered a rehospitalisation.
The primary performance endpoint is device success, defined
as a reduction of tricuspid regurgitation by at least 1 grade
between the and post-intervention evaluation
(as assessed by the echo core laboratory), and no more
than moderate tricuspid regurgitation. Secondary clinical
endpoints are listed in the results section!’. Functional and
quality-of-life endpoints, along with comprehensive imaging

baseline
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analysis covering all follow-up timepoints, will be reported in
a separate publication.

STATISTICS

A sample size of 20 patients was deemed to be adequate to
get first data on feasibility, safety, and performance of the
TRiCares Topaz TTVR system.

Safety outcomes are reported for the intention-to-treat
population. Procedure time was calculated based on the
patients in whom the delivery system was introduced.
Performance analyses were done for all patients with
the investigational device in situ. Patients who did not
receive a study valve or had a study valve explanted were
followed for 30 days for safety assessment. Continuous
data are summarised as meanzstandard deviation (minimum
and maximum). Categorical variables are summarised as
frequency counts and percentages. The statistical analysis was
performed using SAS, version 9.4 (SAS Institute).

Results

Patients who were deemed ineligible for open heart surgery
were enrolled; none of the 8 sites enrolled more than 20% of
patients (maximum of 4 patients per site).

BASELINE CHARACTERISTICS

Twenty patients were enrolled, with a mean age of
77.0+6.6 years, and 18 patients (90%) were female. Baseline
characteristics are presented in Table 1.

PROCEDURAL OUTCOME

The Topaz valve was implanted in 18 patients. The mean
procedure time was 35+16 min (range 17 to 65 min), and
the mean right atrial pressure decreased from 21+13 mmHg
preimplant to 12+5 mmHg post-implant.

Two patients did not receive the device due to access-
related challenges. In one patient, venous access was not
achievable because of a thrombotic vessel, which was a result
of long-term dialysis. The other patient had a rupture of the
access vessel that was due to the vessel’s frailty after radiation
therapy. Both patients were alive at 30 days post-procedure.
Since then, the screening committee has also begun assessing
the access vessels with particular care, recognising that even
though the venous system may appear more forgiving, it still
warrants a thorough evaluation to ensure that transcatheter
access can be achieved.

One patient experienced procedural mortality due to
a ventricular perforation. It cannot be ruled out that the
stiff guidewire may have contributed to the ventricular
perforation, particularly given the known fragility of the
right ventricular wall in transcatheter interventions. The
patient underwent emergency surgery, but died the same
day. In another patient, the stiff guidewire inadvertently
became wrapped underneath the moderator band. This
detail went unnoticed, leading to deployment of the
Topaz valve above the moderator band, which resulted
in a suboptimal position that ultimately required surgical
reintervention.

Thirty-day data are available for all patients. The primary
safety endpoint, a composite of major adverse events (MAE),
was observed in 7 patients (35%) (Table 2).

Eurolntervention 2025;21:1377-1385 e« Emmanuel Teiger et al.

Table 1. Baseline characteristics.

Age, years 77.0+6.6
(61-81)
Sex
Male 2 (10)
Female 18 (90)
NYHA Class
[l 6 (30)
I 13 (65)
v 1(5)
EuroSCORE Il, % 4.2+2.3
(1.3-10.2)
STS-PROM score, % 9.7+5.4
(4.6-22.1)
TRI-SCORE 4.6+2.5
(2-11)
TRI-SCORE predicted in-hospital mortality, % 17.6+20.1
(3-65)
Concomitant mitral valve disease 10 (50)
Concomitant aortic valve disease 3(15)
Coronary artery disease 4 (20)
Cardiac rhythm
Bundle branch block 4 (20)
Atrial flutter/fibrillation 17 (85)
History of previous CIED implantation 0(0)
Previous stroke 5 (25)
Peripheral vascular disease 3(15)
Chronic obstructive pulmonary disease 2 (10)
Renal insufficiency* 19 (95)
eGFR, mL/min/1.73 m? 40+19
Pulmonary hypertension 9 (45)
Pulmonary artery systolic pressure, mmHg 39.8+13.1
Cancer 6 (30)
Diabetes 5 (25)
Arterial hypertension 15 (75)
Hyperlipidaemia 13 (65)
Smoker 6 (30)

Data are presented as mean+SD (min-max), mean+SD, or n (%). *eGFR of
<89 mL/min/1.73 m?. CIED: cardiac implantable electronic device;

eGFR: estimated glomerular filtration rate; EuroSCORE: European System
for Cardiac Operative Risk Evaluation; NYHA: New York Heart Association;
SD: standard deviation; STS-PROM: Society of Thoracic Surgeons
Predicted Risk of Mortality

In two patients, perpendicular alignment of the delivery
system could not be achieved, resulting in the prothesis being
deployed slightly higher than intended. In one of these cases,
the nose cone of the delivery system (catheter tip) became
entrapped in the prothesis during retrieval, causing valve
displacement. As the valve was not securely anchored, the
implantation team reached a consensus to proceed with an
elective reintervention on the same day, during which the
Topaz prosthesis was successfully secured with a few sutures.
The patient showed initial improvement but subsequently
developed cardiogenic shock and right ventricular failure,



Table 2. Clinical outcomes at 30-day follow-up.

N=20
Hierarchical composite MAE endpoint* 7 (35)

All-cause mortality 3(15)
Cardiovascular mortality 2 (10)
Non-cardiovascular mortality 1(5)

Reintervention* 3(15)
Elective (Topaz remained in situ) 2 (10)
Non-elective 1(5)

Hospitalisation for heart failure 1 (5)

Myocardial infarction 0(0)

Stroke 0(0)

Renal complications 0 (0)

Vascular bleeding 0(0)

Device-related pulmonary embolism 0(0)

Topaz-related pacemaker implantation’ 0(0)

Thrombotic event 0(0)

Data are presented as n (%). *Includes all-cause mortality,
rehospitalisation for heart failure, and reintervention for failed tricuspid
intervention. ¥N=1 explanted; N=2 Topaz prosthesis remained in situ.
‘None of the enrolled patients had a prior pacemaker implant. MAE: major
adverse events

passing away on day 5. In the other patient, perpendicular
deployment proved difficult because of a small, short right
ventricle. Although the Topaz valve initially appeared well-
seated, postprocedural migration — likely caused by upward
pressure from subvalvular structures, including a dominant
papillary muscle and trabeculations — was detected on day 2,
prompting elective replacement with a conventional valve. The
Topaz valve was explanted at the surgeon’s discretion rather
than secured with sutures. The patient was alive at 30 days.
In a third patient, the procedure was uneventful, with initially
correct valve placement. Shortly after, the valve migrated
slightly posteriorly but remained stable. Echocardiography
showed mild to moderate paravalvular regurgitation. Root
cause revealed an underappreciated posterior
shelf that impaired complete anchoring, with a subannular
diameter of 58 mm likely exceeding the valve’s anchoring
capacity. In an elective reintervention on postinterventional
day 1, the valve was successfully secured with a few sutures.

analysis

As a result, screening was refined to include more detailed
assessment of annular and right ventricular dimensions.

In addition to the two patients described above, one patient
— an 80-year-old with multiple comorbidities and a recent
history of catheter-related sepsis — died of septic shock and
mesenteric ischaemia 19 days post-procedure. The patient
had received levosimendan both pre- and post-intervention
and was on haemodialysis. The infection was likely linked to
a previously infected access site; endocarditis was ruled out.

No Topaz-related pacemaker implantation was reported.

The primary performance endpoint was achieved in all
patients (100%) with a device i situ. In fact, TR was reduced
by at least 3 grades in all patients (100%). At 30 days,
tricuspid regurgitation was absent in all but two patients,
both of whom presented with mild TR (Figure 1).

The TRICURE first-in-human study

Independent core lab analysis of paired transthoracic
echocardiograms showed that, from baseline to 30 days,
right atrial volume decreased from 75.8+22.1 mL to
62.3+13.3 mL, inferior vena cava (IVC) diameter decreased
from 19.1+4.5 mm to 17.4+2.4 mm, tricuspid annular plane
systolic excursion (TAPSE) decreased from 18.6+6.1 mm to
16.3+5.0 mm, and right ventricular fractional area change
decreased from 36.0+8.7% to 29.4+9.6%.

EXEMPLARY CASE REPORT

We report the case of a frail 78-year-old female with New
York Heart Association (NYHA) Class III symptoms and
massive TR grade 4/5 due to annular dilatation in the setting
of permanent atrial fibrillation, a retracted septal leaflet,
and clefts in both the posterior and anterior leaflets (Moving
image 2-Moving image 4). The core laboratory measured the
tricuspid annulus as 41 mm on echocardiography, while CT
assessment in end-systole showed dimensions of 42 mm x
45 mm in orthogonal planes. The TAPSE was 15 mm.

The patient experienced fatigue and exertional chest
pain; she had a TRI-SCORE of 4 out of 12, resembling
a predicted in-hospital mortality of 8%, and a Society of
Thoracic Surgeons (STS) score of 9.7%. Further details are
provided in Figure 2. Her multiple comorbidities included
aortic  insufficiency, insufficiency, arterial
hypertension, permanent fibrillation, left bundle
branch block, moderate pulmonary hypertension, a history
of decompensated heart failure (baseline N-terminal pro-
brain natriuretic peptide [NT-proBNP] of 2,372 pg/mL and
cardiac output of 3.0 L/min), renal insufficiency (baseline
estimated glomerular filtration rate of 44 mL/min/1.73 m?2),
and previous left mastectomy and radiotherapy.

Right heart catheterisation revealed a pulmonary artery
pressure of 40/20/26 mmHg, a pulmonary capillary wedge
pressure of 16/20 mmHg, and a right atrial pressure of
15/19 mmHg.

The procedure was performed under general anaesthesia.
Access was gained through the left femoral vein. The CT
scan was used to define the implant angulation and the
spatial relationship between the right coronary artery and
the tricuspid annulus. Via the steerable sheath, the valve
was advanced towards the right ventricle. After achieving
perpendicular alignment of the delivery system with the
tricuspid annulus and confirming the correct height at the
annular level, a bottom-to-top release was performed under
fast pacing (Moving image 5-Moving image 8). The procedure
time (from delivery system insertion to removal) was 28 min,
and TR was successfully and completely eliminated (grade
0/5) (Moving image 9-Moving image 11). Two adverse events
were observed. Following successful valve implantation,
the patient developed a complete heart block requiring
temporary pacing, and the temporary pacemaker was safely
removed on postoperative day 2. Notably, the patient had
a pre-existing left bundle branch block. Additionally, the
patient experienced a transient post-anaesthesia delirium,
with a normal neurological examination and a negative
brain CT. The condition resolved fully by postoperative day
2, without any residual confusion or disorientation. The
patient was discharged in a stable condition on postoperative
day 10.

mild mitral
atrial
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Figure 1. Tricuspid regurgitation at baseline and 30-day
follow-up. Data were assessed by a core laboratory and were
available for 20 patients at baseline and 13 patients at
30-day follow-up. Each patient improved by at least 3
grades at 30 days. FU: follow-up; TR: tricuspid regurgitation

At 30 days, and again at 3 and 6 months, the patient
showed a sustained and remarkable improvement to NYHA
Class I, with no recurrence of TR and a restored TAPSE of
19 mm. By 3 months post-procedure, diuretics were no longer
needed. At 6 months, the CT scan revealed a 19% reduction
in right ventricular end-diastolic volume, evidence of reverse
remodelling, and ongoing cardiac recovery.

Discussion

The main findings of this FIH series are as follows:
(1) acceptable safety, with an MAE composite rate of 35%,
(2) low technical and procedural complexity, as reflected by
a mean procedure time of 3516 minutes; (3) a substantial
and sustained reduction in TR at 30 days in all patients,
accompanied by early signs of reverse right heart remodelling,
illustrated by the exemplary case; and (4) a procedural learning
curve, which initially led to some elective reinterventions
and ultimately drove refinement of screening criteria and
optimisation of the implantation technique, including the
adoption of additional access routes.

FEASIBILITY AND DESIGN OBJECTIVE
The Topaz TTVR system is uniquely designed for the tricuspid
space, featuring a double-stent system. The TRICURE first-
in-human study confirms that the design objectives were met.
First, ease of use is supported by the design features of the
Topaz valve, such as the hourglass shape and v-groove, which
promote intuitive positioning and partial self-alignment.
Importantly, the system does not require leaflet grasping or
capture prior to deployment, as is necessary with some other
transcatheter tricuspid valve systems!!"'. Valve deployment is
guided by transoesophageal echocardiography, although in
select cases transthoracic echocardiography may be sufficient,
making the imaging requirements less demanding than for
some other devices'"'*. In the TRICURE FIH study, ease
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of use was reflected by the very short mean procedure time
of 35+16 min (from delivery system insertion to removal),
despite all centres being first-time users and only enrolling
a maximum of four patients each. For comparison, the
EVOQUE valve, the first valve that gained CE certification
and FDA approval, demonstrated procedural times of
71.6+31.4 min in TRISCEND and 56.5 min (interquartile
range 41-75 min) in TRISCEND II'%'5,

Second, the conformity of the outer stent and its sealing
are intended to prevent paravalvular leakage and rhythm
disturbances that may result in permanent pacemaker
implantation. This has been confirmed by the successful
reduction of TR at 30 days and the fact that there were no
Topaz-dependent permanent pacemaker implants at 30 days,
compared to 13.3% in TRISCEND and 24.7% in TRISCEND
II'415, As shown in the exemplary case, the conformity of the
outer stent also prevents imposing a round valve shape on the
annulus and permits the outer stent to flex and adapt during
the cardiac cycle, which may prevent thrombotic events
and has the potential to lower the need for anticoagulation
therapy.

Third, the rigid inner stent helps maintain the valve's
integrity. While 30-day outcomes are too early to draw any
conclusions about long-term efficacy, the fact that all patients
experienced no or mild TR, along with the round shape of
the inner stent, the absence of TR in the exemplary case at
6 months, and evidence of reverse remodelling, all provide
initial support for the device concept’s potential for success.

Fourth, the atraumatic anchoring is designed to prevent
annular injury. No such injury was observed in the TRICURE
FIH study. However, these complications are rare, and the
sample size may be too small to draw a valid conclusion on
this aspect.

INSIGHTS

This first-in-human study included first-time users, with each
centre enrolling a maximum of 20% of the total patients
(n=4). Thus, the learning curve includes both individual
practitioner experience and the development of effective
screening and implantation strategies. While the number
of reinterventions, including both elective and non-elective
procedures, was notable, this early experience provided
valuable insights into patient screening, including vascular
access, device sizing, subvalvular structures, and IVC--to-
annulus offset (IVC offset), all of which contributed to the
challenging tricuspid valve morphology.

As expected in FIH studies, suboptimal outcomes were not
tolerated and required reintervention. All reinterventions,
except two in which the investigator preferred to use
a conventional heart valve, were successfully managed by
repositioning and securing the Topaz prosthesis with a few
sutures. In these cases, the minimally invasive procedure was
faster and less invasive compared to conventional open heart
surgery.

Root cause analyses identified various contributing factors,
with sizing and IVC offset emerging as key issues. Subsequently,
the implantation guidelines were updated, particularly
regarding valve sizing and inclusion of left femoral vein access
to address the IVC-to-annulus angle (offset), which allows for
a more central position of the delivery system. The development
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A  Baseline CT

B  Procedure
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B 6-month follow-up end-
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Figure 2. Exemplary case report with echocardiographic and computed tomography assessments. Exemplary case report of

a 78-year-old female. A) Baseline computed tomography (CT) revealed an oval-shaped annulus in systole, delineated by a red
line, with a minimum diameter of 42 mm and a maximum diameter of 45 mm. B1) Using a steerable sheath, the valve was
advanced towards the right ventricle. The wire in the right coronary artery served as a landmark for the tricuspid annulus during
positioning. B2) The delivery sheath was partially retracted, allowing for the assessment of valve height and perpendicular
alignment with the annulus using multiplanar transoesophageal imaging. B3) After confirming the valve position, the valve was
deployed from bottom to top under fast pacing. B4) Final angiography demonstrated excellent results: no residual leakage,

a circular inner ring/stent, and an outer ring well-conformed and adapted to the anatomical annular shape in the en face view.
C1-C3) Postprocedural results by transoesophageal echocardiography and (C4) transthoracic echocardiography on day 30 post-
procedure. D) CT imaging at the 6-month follow-up confirmed the persistent round shape of the inner ring and continued
conformity of the outer ring to the annulus. E) The right ventricular end-diastolic volume (RVEDV) decreased by 19%, from
175 mL at baseline to 142 mL at 6 montbs, as assessed by the core laboratory.
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of a larger valve size — already successfully tested in humans
— enables the inclusion of more patients with larger annulus
dimensions. Another key lesson learned is the importance of
screening access vessels, even when venous access is planned.
In retrospect, the two patients with failed access should have
been excluded during screening.

OUTLINE

There is still much to learn, and these findings, particularly
the updated implant and sizing recommendations, will need
validation in larger patient populations with long-term
follow-up. The follow-up of the current study is scheduled for
up to 5 years, and as of manuscript preparation, two clinical
trials are ongoing: a European pivotal study (TRICURE
EU Pivotal Study [ClinicalTrials.gov: NCT06581471]) and
an early feasibility study (EFS) in the USA and Canada
(TRICURE EFS [ClinicalTrials.gov: NCT06506942]).

The outcomes of these studies may help to define the
role of this novel system within the current landscape of
tricuspid regurgitation therapies. Provided that the number
of reinterventions will be reduced with updated screening
guidelines, high-risk patients with multiple comorbidities,
patients with renal impairment, and patients with end-stage
heart failure might benefit from the shorter procedure times,
which may also improve cost-effectiveness. Additionally,
patients with pre-existing conduction disturbances who do
not yet require a pacemaker may benefit from this device.
The findings of this FIH study indicate that Topaz might be
a viable treatment option for a vast majority of patients, given
its design, which is specifically tailored for the tricuspid valve.

Limitations

The TRICURE FIH study has several inherent limitations
typical of FIH trials. These include a learning curve, with
each site enrolling a maximum of 4 patients; amended
implantation and screening guidelines; and a non-randomised
design along with a small sample size, limiting the ability to
draw meaningful comparisons with other devices; and lastly,
only one prosthesis size was available for the study, though
a second size is currently being tested. A positive aspect is
the rigorous study conduct, with no patient lost to follow-up.

Conclusions

The Topaz TTVR system is an innovative technology that
shows considerable potential in achieving its intended
design objectives. If the updated screening and implantation
guidelines effectively reduce the number of reinterventions
observed in this early experience, the Topaz TTVR system
has the potential to offer a user-friendly solution with
short procedure times, low complication rates, particularly
pacemaker implantations, and effective elimination of
tricuspid regurgitation. However, long-term follow-up and
data from a larger patient population are essential to validate
these results and confirm the safety and efficacy of the revised
implantation strategy.
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Figure 1. Five-year follow-up of transcatheter tricuspid valve replacement with the EVOQUE valve A) Preprocedural
transoesophageal echocardiogram shows severe tricuspid regurgitation. B) Fluoroscopy of the EVOQUE valve implant shows
the deployed valve. C) Right ventricular angiogram via a pigtail catheter immediately post-implant shows minimal residual TR.
D) CT 5 years post-implant shows no evidence of structural valve deterioration. E,F) Transoesophageal and transthoracic
echocardiogram images S years post-TTVR shows minimal residual TR. CT: computed tomography; TR: tricuspid regurgitation;
TTVR: transcatheter tricuspid valve replacement
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ranscatheter tricuspid valve replacement (TTVR) is an

alternative treatment modality for a subset of patients

with severe tricuspid regurgitation who are unsuitable
for traditional surgery or transcatheter edge-to-edge repair.
One TTVR device, the EVOQUE valve (Edwards Lifesciences),
has recently become the first TTVR device to receive U.S.
Food and Drug Administration approval for the treatment of
severe tricuspid regurgitation. Reported midterm outcomes
of the EVOQUE valve have been favourable, demonstrating
reductions in tricuspid regurgitation, symptom burden, and
heart failure hospitalisation rates'2. However, there remains
a paucity of data on long-term outcomes following TTVR
with the EVOQUE valve.

A 69-year-old female patient with a background history of
rheumatic heart disease, mitral valve commissurotomy, and
subsequent mechanical mitral valve replacement (St. Jude
Medical 25 mm mechanical prosthesis) presented with New
York Heart Association (NYHA) IV dyspnoea, refractory
peripheral oedema, ascites, and multiple recent heart failure
hospitalisations. echocardiography (TTE)
revealed a left ventricular ejection fraction of 50%, a dilated
right ventricle (RV; basal diameter of 46 mm) with mildly
reduced function (tricuspid annular plane systolic excursion
[TAPSE] of 9 mm), a well-functioning mitral prosthesis
with trivial valvular mitral regurgitation, severe tricuspid
regurgitation, and pulmonary hypertension, with an RV
systolic pressure of 48 mmHg (Moving image 1). She was
pacing dependent, having had a dual-chamber permanent
pacemaker implanted prior to undergoing atrioventricular
node ablation. She was felt to have prohibitive surgical risk
and therefore underwent TTVR with a 44 mm EVOQUE
valve (Moving image 2). Postprocedural transoesophageal
echocardiography (TOE) showed trivial tricuspid regurgitation
and a tricuspid valve mean gradient of 2 mmHg (Figure 1).
Her immediate postoperative course was uncomplicated, and
at 30-day follow-up, the patient reported NYHA II dyspnoea.
She was prescribed aspirin 81 mg once daily and warfarin for
12 months post-TTVR, followed by warfarin monotherapy
for life.

At S-year follow-up, the patient reported NYHA 1I
dyspnoea. Her six-minute walk test distance had increased
from 115 metres preprocedure to 450 metres. The patient had
had only one hospitalisation in the 5 years following EVOQUE
implantation; this was due to multifocal pneumonia and
sepsis. The TOE performed during that admission revealed
a well-seated 44 mm EVOQUE valve with a mean gradient of
4 mmHg, and trivial tricuspid regurgitation with no evidence
of paravalvular regurgitation (Moving image 3). Computed
tomography (CT) showed no evidence of structural valve
degeneration. TTE showed a normal RV size, with a basal RV
diameter of 41 mm and mildly reduced RV function (TAPSE
of 15 mm). Her baseline conduction remained unchanged,
despite the RV lead having been jailed during the procedure.
She remained pacing dependent and underwent a routine
generator change 4 years after TTVR.

In this report of the S-year follow-up TOE and CT
imaging of a patient undergoing TTVR with the EVOQUE
device, there was normal leaflet function, with no evidence

Transthoracic

EVOQUE TTVR follow-up

of degeneration. Residual tricuspid regurgitation was trivial
to mild. The patient had had no heart failure hospitalisations
and had noted a significant improvement in symptom burden.
Further studies are needed to evaluate the long-term efficacy
and safety of TTVR with the EVOQUE valve.

Authors’ affiliations

1. Centre for Cardiovascular Innovation, St Paul’s and
Vancouver General Hospital, Vancouver, BC, Canada; 2. Centre
for Heart Valve Innovation, St. Paul’s Hospital, University of
British Columbia, Vancouver, BC, Canada; 3. Sheikh Jaber
Al-Abmad Hospital, Kuwait City, Kuwait; 4. Cardiovascular
Translational Laboratory, Providence Research & Centre for
Heart Lung Innovation, Vancouver, BC, Canada

Conflict of interest statement

J.G. Webb is a consultant for Edwards Lifesciences; and
receives research funding from Edwards Lifesciences,
Medtronic, and Boston Scientific. The other authors have no
relevant conflicts of interest to declare.

References

1. Arnold SV, Hahn RT, Thourani VH, Makkar R, Makar M, Sharma RP,
Haeffele C, Davidson CJ, Narang A, O’Neill B, Lee J, Yadav P, Zahr F,
Chadderdon S, Eleid M, Pislaru S, Smith R, Szerlip M, Whisenant B,
Sekaran N, Garcia S, Stewart-Dehner T, Grayburn PA, Sannino A,
Snyder C, Zhang Y, Mack M]J, Leon MB, Lurz P, Kodali S, Cohen DJ;
TRISCEND II Pivotal Trial Investigators. Quality of Life After Transcatheter
Tricuspid Valve Replacement: 1-Year Results From TRISCEND II Pivotal
Trial. ] Am Coll Cardiol. 2025;85:206-16.

2. Kodali S, Hahn RT, Makkar R, Makar M, Davidson CJ, Puthumana JJ,
Zahr F, Chadderdon S, Fam N, Ong G, Yadav P, Thourani V, Vannan MA,
O’Neill WW, Wang DD, Tchétché D, Dumonteil N, Bonfils L, Lepage L,
Smith R, Grayburn PA, Sharma RP, Haeffele C, Babaliaros V, Gleason PT,
Elmariah S, Inglessis-Azuaje I, Passeri J, Herrmann HC, Silvestry FE,
Lim S, Fowler D, Webb JG, Moss R, Modine T, Lafitte S, Latib A, Ho E,
Goldberg Y, Shah P, Nyman C, Rodés-Cabau ], Bédard E, Brugger N,
Sannino A, Mack MJ, Leon MB, Windecker S; the TRISCEND study inves-
tigators. Transfemoral tricuspid valve replacement and one-year outcomes:
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Supplementary data

Moving image 1. Preprocedural transthoracic echocardiogram
showing severe tricuspid regurgitation.

Moving image 2. Fluoroscopic images from the implant
procedure, showing the initial RV angiogram with severe
tricuspid regurgitation, followed by deployment of the
EVOQUE valve over a SAFARI? XS wire in the right
ventricle. Initial deployment of the nine ventricular anchors
followed by final deployment of the EVOQUE valve and the
final RV angiogram following implant showing a well-placed
EVOQUE valve with minimal residual tricuspid regurgitation.
Moving image 3. Transoesophageal echocardiogram at
5 vyears post-implant showing the well-seated EVOQUE
valve with trivial tricuspid regurgitation and no paravalvular
regurgitation.

The supplementary data are published online at: : i

https:/leurointervention.pcronline.com/
doi/10.4244/E1]-D-25-00195
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brain injury: does silence equal reassurance?
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e read with great interest the study by Jimenez
’\R/ Diaz et al', evaluating antiplatelet and oral
anticoagulation (OAC) strategies to prevent
cerebral microembolism after transcatheter aortic valve
implantation (TAVI). This study showed that the use of
OAC instead of antiplatelets in patients without indication
for anticoagulation did not have any benefit in cerebral
microembolism at three-month follow-up. Along with these
important findings, several clinical implications arise.
Despite all patients having elevated biomarkers of cerebral
injury and the majority having new brain lesions on
magnetic resonance imaging (MRI) following TAVI, the
true mechanism and clinical significance of this silent
injury is not clear. Recent analyses show an adverse effect
of covert brain lesions in early neurocognitive outcomes
that require longer term evaluation?. In this study!, the
authors reported neurocognitive decline in the total patient
population during follow-up compared to baseline. In
contrast, other investigations show that TAVI can enhance
cognitive function, potentially due to improved cerebral
blood flow as a result of the enhanced postprocedural
cardiac haemodynamics®. As currently there are no
established predictors of cognitive improvement or decline
following TAVI, future evaluations should comprehensively
assess neurological status through clinical examination and
questionnaires and determine such characteristics. Focus
should be also given on how medical treatment can prevent
cognitive decline and particularly in the role of different
antithrombotic strategies in cognitive function, considering
the steeper neurocognitive decline observed with OAC in

© Europa Group 2025. All rights reserved.

this investigation and the key role of increased platelet
activation post-TAVL.

As noted by the authors, the interaction of the bioprosthetic
valve with the native valve may initiate proinflammatory and
prothrombotic pathways due to shear stress, which increases
thrombotic risk independently of valve type!. Activation
of such mechanisms may enhance thrombus formation
in both native and bioprosthetic valve leaflets, which can
be presented as hypoattenuated leaflet thickening and has
been associated with stroke and new silent cerebral lesions
after TAVI. Given the association of inflammation with this
process, the addition of anti-inflammatory to antithrombotic
agents may prevent covert cerebral injury. Recently, Ryffel
et al’ reported that the administration of colchicine post-
TAVI significantly reduces the risk for subclinical leaflet
thrombosis (risk difference -27.1%; 95% confidence
interval: —-46.0% to —8.2%; p=0.007). In light of these
findings, future studies evaluating the addition of novel
pharmacotherapy to currently used regimens are needed
to clarify whether such combinations lead to enhanced
outcomes regarding both leaflet thrombosis and cerebral
injury.

As further studies become available, it is important to
identify patient and device characteristics associated with
more extensive cerebral injury and further delineate the
pathophysiology and clinical significance of such events.
Thus, investigating differences
strategies and combinations of pharmacotherapy regimens
could uncover substantial clinical benefit in select patients,
potentially altering post-TAVI antithrombotic clinical practice.

between antithrombotic

SUBMITTED ON 04/08/2025 - ACCEPTED ON 01/0%/2025



Authors’ affiliations

1. First Department of Cardiology, School of Medicine,
National and Kapodistrian University of Athens, Hippokration
General Hospital, Athens, Greece; 2. Department of
Cardiology, Lausanne University Hospital and University of
Lausanne, Lausanne, Switzerland

Conflict of interest statement
The authors have no conflicts of interest regarding the content
herein to declare.

References

1. Jimenez Diaz VA, Juan-Salvadores P, Bellas Lamas P, Arias Gonzalez M,
Santos Armentia E, Vila Nieto O, Gonzalez Mao C, Torrado Chedas T,
Muiioz Garcia AJ, Blazquez IG, Bastos Fernandez G, De Miguel Castro A,
Fernandez Barbeira S, Ortiz Saez A, Baz Alonso JA, Ocampo Miguez J,
Rioboo Leston L, Pazos Lopez P, Calvo Iglesias F, Salgado Barreira A, Diaz
Lopez CM, Figueiras A, Veiga Garcia C, Iniguez Romo A. A comparison of

Letter to the Editor

antiplatelet and oral anticoagulation strategies to prevent cerebral micro-
embolism after transcatheter aortic valve implantation: the AUREA trial.
Eurolntervention. 2025;21:€737-48.

N

. Woldendorp K, Indja B, Bannon PG, Fanning JP, Plunkett BT, Grieve SM.
Silent brain infarcts and early cognitive outcomes after transcatheter aortic
valve implantation: a systematic review and meta-analysis. Eur Heart ].
2021;42:1004-15.

w

. Tsuchiya S, Matsumoto Y, Suzuki H, Takanami K, Kikuchi Y, Takahashi J,
Miyata S, Tomita N, Kumagai K, Taki Y, Saiki Y, Arai H, Shimokawa H.
Transcatheter aortic valve implantation and cognitive function in elderly
patients with severe aortic stenosis. Eurolntervention. 2020;15:e1580-7.

4.Reddy P, Merdler I, Ben-Dor I, Satler LF, Rogers T, Waksman R.
Cerebrovascular events after transcatheter aortic valve implantation.
Eurolntervention. 2024;20:e793-805.

(4]

. Ryffel C, Lanz J, Guntli N, Samim D, Fiirholz M, Stortecky S, Tomii D,
Heg D, Boscolo Berto M, Peters AA, Reineke D, Reichlin T, Grini C,
Windecker S, Pilgrim T. Colchicine in patients with aortic stenosis under-
going transcatheter aortic valve replacement: a double-blind randomized
trial. Nat Commun. 2025;16:6501.

Eurolntervention 2025;21:1388-1389 ¢ Nikolaos Pyrpyris et al.

1389



1390

Eurolntervention
2025;21:1390-1392
DOI: 10.4244/E1J-D-25-00890

REPLY TO THE LETTER
TO THE EDITOR

Reply: Transcatheter aortic valve implantation and covert brain
injury: does silence equal reassurance?

Victor Alfonso Jimenez Diaz'?*, MD, MPH; Pablo Juan Salvadores?, PhD; Paula Bellas Lamas??, MD;

on behalf of the AUREA investigators

*Corresponding author: Cardiology Department, Cardiovascular Research Unit, Hospital Alvaro Cunqueiro, University Hospital
Complex of Vigo, Estrada Clara Campoamor 341, 36312, Vigo, Pontevedra, Spain. E-mail: victor.alfonso.jimenez.diaz@sergas.es

e sincerely thank Dr Pyrpyris and colleagues for
; R / their thoughtful comments' regarding our recent
publication, the AUREA trial®.

We fully agree with their perspective on the complex and
multifactorial nature of cerebral microembolism during
transcatheter aortic valve implantation (TAVI) procedures.
Despite significant procedural advances, the cerebral impact
of microembolic events, often silent, remains a major concern,
particularly in elderly patients already at risk of cognitive
impairment.

In line with the authors’ comments, we emphasise the
critical need to identify novel and reliable biomarkers of
cerebral microembolism after TAVL. Current approaches to
detect brain injury, including magnetic resonance imaging
(MRI), though highly sensitive, are not always practical in
daily clinical settings due to availability, cost, and patient
frailty. Developing blood biomarkers such as glial fibrillary
acidic protein, neurofilament light chain, tau and its peptides,
and B-synuclein® that are not only sensitive and specific but
also easy to use and interpret could greatly enhance early
detection, monitoring, and risk stratification of patients
undergoing TAVI, as well as prediction of complications and
clinical outcomes at follow-up.

In addition, artificial intelligence-enhanced imaging enables
accurate quantification of vascular and valvular calcium
burden*. Beyond improving procedural planning, it may
allow identification of patients at highest embolic risk and
support tailored neuroprotective strategies.

Equally important is the implementation of standardised
neurocognitive assessments before and after the procedure.
Cognitive outcomes after TAVI are variable and may

© Europa Group 2025. All rights reserved.

depend on multiple factors, including baseline status,
cerebral perfusion changes, embolic burden, and systemic
inflammation. Objective neurological testing, both clinical
and through validated cognitive questionnaires, should be
routinely incorporated in TAVI trials and, when feasible,
in clinical practice’. This would allow more accurate
characterisation of cognitive trajectories and identification of
patients at risk of deterioration or, conversely, those likely to
experience neurocognitive improvement.

We also fully agree on the potential role of cerebral
embolic protection devices (CEPDs). Although current
evidence on clinical outcomes remains mixed, these devices
consistently demonstrate their potential to reduce cerebral
lesion volume and embolic burden®. The integration of
CEPDs in TAVI, especially in selected high-risk patients or
as part of comparative strategy trials (ClinicalTrials.gov:
NCT05873816, NCT03130491), may prove Dbeneficial
in minimising microembolisation and its consequences’.
Furthermore, combining CEPDs with refined antithrombotic
approaches could offer synergistic protection and deserves
exploration.

Finally, as the authors mention, the identification of
pharmacological strategies targeting both thrombotic and
inflammatory pathways post-TAVI is a promising avenue.
The interplay between prosthetic material, residual native
leaflets, and flow dynamics can trigger proinflammatory
and prothrombotic cascades, potentially leading to leaflet
thrombosis
with colchicine are promising, although they should be
interpreted with caution given the reported increased risk
of stroke in treated patients®. Further studies evaluating

and cerebral embolisation. Recent results
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combinations of antiplatelet agents (ClinicalTrials.gov:
NCT05283356), anticoagulants, and anti-inflammatory
therapies (NCT06076824) are warranted to define optimal
post-TAVI regimens that balance ischaemic, embolic,
bleeding, and cognitive risks.

In conclusion, the prevention and understanding of
covert brain injury in the TAVI population must become
a multidimensional effort: identifying feasible biomarkers,
integrating neurocognitive assessment, evaluating device-
based protection, and refining pharmacological strategies.
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