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EDITORIAL

A sledgehammer or a scalpel? Refining antithrombotic therapy in

anticoagulated ACS patients

Diana A. Gorog'?*, MD, PhD; Konstantinos Toutouzas®, MD, PhD
*Corresponding author: National Heart and Lung Institute, Dovehouse Street, Imperial College, London, SW3 6LY,

United Kingdom. E-mail: d.gorog@imperial.ac.uk

irect oral anticoagulants (DOACs) have become
Dthe standard of care for the prevention of

thromboembolism in patients with non-valvular
atrial fibrillation (AF), but when such patients experience an
acute coronary syndrome (ACS), combination treatment with
anticoagulant and antiplatelet therapy is required.’? While
the combination of aspirin with a potent P2Y, inhibitor,
i.e., prasugrel or ticagrelor, has become the standard of care
for most ACS patients, the evidence in favour of potent
P2Y , inhibitors in patients with a parallel indication for
anticoagulation is limited.! Four large randomised studies
have explored potential combinations of DOACs with
antiplatelet drugs in this setting, focusing on whether a dual
or triple antithrombotic strategy should be used in AF
patients undergoing percutaneous coronary intervention (PCI)
and/or hospitalised for ACS.>¢ Collectively, these studies
showed the non-inferiority of the combination of a DOAC
and a single antiplatelet agent, namely a P2Y , inhibitor, for
ischaemic endpoints and superiority for bleeding, leading
to wide adoption of this strategy and its recommendation
in guidelines."* However, despite evidence that omission of
aspirin improves outcomes, data regarding the optimal P2Y ,
inhibitor are lacking.

The four randomised trials evaluating antithrombotic
strategies in patients with AF undergoing PCI, namely
PIONEER AF-PCI, REDUAL-PCI, AUGUSTUS, and
ENTRUST-AF-PCL, included only a minority of patients
receiving ticagrelor (<10%) or prasugrel (~1%), as part of
triple or double antithrombotic therapy.*¢ A meta-analysis
of these studies demonstrated a significant increase in major
or clinically relevant non-major bleeding with potent P2Y ,
inhibitors compared with clopidogrel, with a neutral impact
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on major adverse cardiovascular events (MACE).” In contrast,
a nationwide cohort study of 2,259 AF patients on oral
anticoagulation undergoing PCI in Denmark showed a lower
risk of MACE at 1 year with ticagrelor (used in 13% of
patients) or prasugrel (used in 2%), with similar bleeding,
although notably, >70% of patients were also taking aspirin.®

In this issue of Eurolntervention, Emilsson et al® report
an analysis of data from the SWEDEHEART registry to
provide insight into the optimal P2Y, agent in patients with
ACS and concurrent DOAC treatment. This nationwide
cohort study focused on patients with ACS who underwent
PCI and were discharged on an aspirin-free antithrombotic
regimen comprising a DOAC and either ticagrelor or
clopidogrel. By cross-checking data from four nationwide
Swedish registries, the authors identified 3,708 patients
with ACS who underwent PCI and were treated with dual
antithrombotic medication from January 2014 to February
2022. Amongst these, 1,170 (32%) were discharged on
a DOAC and ticagrelor and 2,538 (68%) on a DOAC
and clopidogrel. The authors compared 1-year outcomes
by inspection of electronic records focusing on MACE
(comprising mortality, myocardial infarction [MI], and
stroke), all-cause mortality, MI, stroke, stent thrombosis,
and clinically relevant bleeding. The authors showed that
the choice of P2Y,, inhibitor did not affect ischaemic
outcomes, which were similar in patients on ticagrelor and
clopidogrel for MACE (adjusted hazard ratio [aHR] 1.02,
95% confidence interval [CI]: 0.84-1.23), MI (aHR 0.90,
95% CI: 0.71-1.13) and mortality (aHR 1.24, 95% CI: 0.91-
1.69), while ticagrelor use was associated with increased
bleeding (aHR 1.53, 95% CI: 1.06-2.22). Although there
was no differential impact on ischaemic outcomes by P2Y,
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inhibitor use amongst most patient subgroups, there was
a significant interaction between ACS type and treatment
effect, with a non-significant trend towards reduced MACE
with ticagrelor in patients with ST-segment elevation MI
(STEMI) and a non-significant trend towards increased
MACE in patients without STEMI. Sensitivity analyses by
inverse probability of treatment weighting or by focusing
on major bleeding were overall consistent with the main
findings.

Article, see page 575 ‘

The findings of this study are in line with current guideline
recommendations for the use of clopidogrel over ticagrelor
as part of dual antithrombotic treatment in ACS patients
undergoing PCI with an indication for a DOAC, in order
to balance ischaemic protection with minimising the risk
of bleeding.'? The study by Emilsson et al provides further
evidence to support this strategy, indicating that combining
a DOAC with near-total platelet inhibition by ticagrelor'® may
exceed the “haemostatic threshold” and increase bleeding.

Some aspects of this study deserve particular attention. As
a registry study, there is evidence of selection bias in treatment
allocation. Compared with patients treated with clopidogrel,
patients assigned to ticagrelor were younger and had a lower
prevalence of most cardiovascular risk factors including
hyperlipidaemia, chronic kidney disease, hypertension, heart
failure, prior stroke, and prior MI; however, these patients
were more often diabetic. The lower ischaemic risk profile of
patients treated with ticagrelor may have inherently biased
the results against showing a superiority of ticagrelor on
ischaemic endpoints. This is further supported by the apparent
interaction of ACS type, with STEMI patients exhibiting
a trend towards reduced MACE with ticagrelor; this trend was
not seen in patients with non-STEMI. Furthermore, data on
the completeness of revascularisation are not provided, and
intuitively, patients with incomplete revascularisation post-MI
may be a cohort at particularly high residual ischaemic risk
who may benefit most from potent P2Y , inhibition. The dose
of ticagrelor evaluated was the conventional 90 mg twice
daily. However, a pharmacodynamic/pharmacokinetic study
in elderly patients with ACS undergoing PCI has shown that
ticagrelor 60 mg twice daily achieved similar platelet inhibition
to ticagrelor 90 mg twice daily, despite lower plasma levels
of ticagrelor and its active metabolite.'! Therefore, whether
a lower dose of ticagrelor (60 mg twice daily) in combination
with a DOAC may offer superior ischaemic risk reduction
without an excess bleeding risk is of interest. Lastly, the
current study did not examine the combination of a DOAC
with prasugrel — a P2Y, inhibitor that has shown promise
when compared with ticagrelor as part of dual antiplatelet
therapy -3 nor the use of this combination at lower than
conventional doses.'

In an era where individualised decision-making is encouraged
regarding antithrombotic regimens in patients with ACS
undergoing PCI to improve outcomes,” the SWEDEHEART
registry reminds us that in the delicate equilibrium of an
anticoagulated ACS patient, adding ticagrelor to a DOAC
is often akin to using a sledgehammer where a scalpel is
required. This provides yet more support for the “less is more”
approach when it comes to the choice of antithrombotic

Eurolntervention 2026;22:521-523  Diana A. Gorog et al.

medications in patients with ACS undergoing PCI who also
require anticoagulation.
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Full-on commitment to interventional cardiology — today and in the

future
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interventional cardiology. Since Andreas Griintzig

performed the first coronary angioplasty nearly five
decades ago — an anniversary that we look forward to
celebrating in 2027 - the field has expanded incredibly,
through innovation, scientific exchange, and the collective
efforts of physicians worldwide. Today, our speciality is not
only defined by technical progress (and prowess) but also by
a global community dedicated to learning from one another
and improving patient outcomes.

Almost four decades ago, PCR was born in this spirit.
From early LIVE demonstration courses in Toulouse to the
creation of EuroPCR and the subsequent evolution of a
global network of educational initiatives, it now provides
an impressive platform of popular courses across the world,
digital activities, academic publications, training programmes,
and collaborative initiatives supporting physicians, nurses,
and other healthcare professionals throughout their career.

l l1ew areas of medicine have evolved as rapidly as

PCR is people

Our strength derives from the friendship, commitment and
enthusiasm of those who share the goal of improving patient
care through education, science, and collaboration. In this
spirit, 70 healthcare professionals from across the globe
gathered in late January this year for the first ever PCR
Winter Retreat to reflect on the organisation’s strengths and
weaknesses and define its future strategic direction.

The timing was fitting as PCR entered a new era and
the atmosphere proved to be dynamic, lively and fun.
There was clear camaraderie and a palpable energy as
16 different breakout groups discussed educational strategy,
scientific and research goals, opportunities for external
collaboration, regional programmes and international reach,

© Europa Group 2026. All rights reserved.

digital platforms, the role of artificial intelligence (AI) and
innovation at PCR Courses, and other key topics. We learnt
a lot from each other, demonstrating how much can be
achieved through collaboration, and created a comprehensive
road map and task list that will define our trajectory for the
next 5 years as we incorporate the next generation of leaders
and learners.

Supporting the next generation — and a global
community

Our multidimensional commitment to supporting the next
generation of physicians, nurses, and other healthcare
professionals involves the extension and strengthening
of existing communities — and expansion to incorporate
newcomers by providing support and initiatives that maximise
education and exchange. The PCR Companions network
was created in 2019 and, remarkably, now connects more
than 17,000 members worldwide. Built upon this success,
wider expansion is now planned to create a worldwide
virtual community that can connect through day-to-day peer
exchanges, as well as collaborative education and research.

In parallel, the newly established Exchange Fellowship
Programmes for young colleagues in Japan, China,
Australia, and New Zealand and the rapidly growing Global
Interventional Academy will allow a whole new generation
of trainees and their mentors to benefit from PCR structured
curricula for educational and personal development whilst
simultaneously creating their own network of friends and
peers.

Meanwhile, our yearly calendar of Courses and Seminars
goes from strength to strength, with the sustained growth
and maturity of existing events, strong partnerships with
National Societies and Working Groups, and new emerging
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collaborations in China, India, Central and Eastern
Europe, Australia, and Latin America. Already, more than
22,000 healthcare professionals participate in person at PCR
activities worldwide, whilst our website www.pcronline.com
received almost 2 million visits in 2025 (the most frequent
visitors being colleagues from the USA and India)!

Evidence, expertise, experience — the three
pillars of present and future practice

Interventional cardiology evolves continuously as a result
of scientific advances, procedural refinement and device
innovation — and simultaneously needs to address the
challenges of expanding indications, increasingly complex
procedures and healthcare environments, inequitable market
access, and growing patient expectations. Furthermore, whilst
trials and guidelines direct our practice, implementation in
the clinic or on the ward (or in the catheter laboratory or
operating room) requires interpretation and application of
individual and collective experience.

The transmission and dissemination of scientific evidence
and best clinical practice via the highest-quality education is
PCR’s core focus — be it via courses, seminars and webinars,
or these journals (and Eurolntervention Case Reports, its
newly established stablemate), mentoring partnerships with
the next generation, or peer-to-peer exchange.

Bringing it all together at EuroPCR 2026

And so, we return to Paris — in the spring sunshine (one hopes)
— as a worldwide community of around 12,000 friends and
colleagues gather for a week of scientific discourse, dynamic
and clinically oriented education, lively exchanges, reunions,
and celebration. With a highly practical theme and slogan,
“Education saves lives: preventing and solving complications”,

the 2026 programme will incorporate 8 LIVE centres, more
than 500 educational sessions, 18 case-based Learning Sessions
led by senior educational mentors paired with next-generation
talent, and new features including an all-encompassing chronic
total occlusion (CTO) track, the interactive and simulation-
based Calcium Skills Lab, increased focus on innovation, and a
dedicated Al programme developed as a “Partners in Learning”
initiative with our friends at TCT. And, before we forget, the
standalone PCR Fellows Course, PCR Innovators Day, and
The Physiology Course in collaboration with EuroPCR.

Therefore, regardless of your clinical background, specialist
interest or level of experience, there is something for everyone.
EuroPCR 2026 offers the opportunity for our community to
hear the latest data, share knowledge and clinical experience,
improve patient care, and (importantly) enjoy each other’s
company. Meanwhile, as we travel from around the world and
assemble in Paris, let us also spare a thought for colleagues
and friends who are prevented from joining us as a direct
or indirect result of conflict in the Middle East, Ukraine,
and elsewhere. Medicine (and interventional cardiology) is
neither political, religious, or bordered, but the consequences
of current global turmoil impact upon us all.

Looking ahead
As has been said before, the coming years present an era
of new opportunities for PCR. Building on the strongest
foundations, our wide range of activities and offerings
provide a global platform for education, scientific exchange,
and innovation in interventional cardiology. But above
all, our success will continue to depend on the energy and
commitment of our community.

Because PCR has always been - and will always remain -
about people.
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DEBATE

Prasugrel should be preferred over ticagrelor in acute
coronary syndromes: pros and cons
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Marco Valgimigli®*>** MD, PhD
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**Corresponding author: cons: Istituto Cardiocentro Ticino, Via Tesserete 48, 6900, Lugano, Switzerland.
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Potent inhibition of the platelet P2Y,, receptor represents a cornerstone of contemporary antithrombotic regimens in
patients with acute coronary syndromes (ACS). Both prasugrel and ticagrelor have demonstrated superior efficacy compared
with clopidogrel in large randomised trials and are currently recommended as first-line options in international guidelines.
However, prasugrel and ticagrelor differ in terms of their pharmacological profile, evidence base, and practical aspects of
use, raising the question of whether one may be preferred over the other.

Over the past decade, several studies have aitempied to investigate their relative efficacy and safety in clinical practice.
However, the available evidence remains inconclusive, as the limited number of head-to-head randomised trials is hampered
by methodological constraints and challenges in interpretation. Moreover, differences in guideline recommendations and
evolving treatment strategies (e.g., changes in pretreatment practices and shorter dual antiplatelet therapy regimens) have
further complicated the interpretation of existing evidence. As such, whether prasugrel or ticagrelor should be considered
the preferred P2Y , inhibitor in unselected ACS patients remains a matter of ongoing debate.

Pros

Dominick J. Angiolillo, MD, PhD; Adnan Kastrati, MD
Following the approval of prasugrel and ticagrelor for use
in patients with acute coronary syndromes, there has been
long-standing debate over which should be the preferred
agent between these two. Supporters of ticagrelor use several
arguments. Firstly, prasugrel is approved solely for patients
with ACS undergoing percutaneous coronary intervention
(PCI) once coronary anatomy has been defined, whereas
ticagrelor is approved for all ACS patients, regardless of
management (invasive or non-invasive), and prior to defining
coronary anatomy.! However, pretreatment with P2Y ,
inhibitors is no longer recommended for patients scheduled
for early PCI, as there is no supporting evidence for this
usage.! Conversely, the benefit of ticagrelor compared with
clopidogrel in the subset of 5,216 patients scheduled for non-
invasive treatment in the PLATO trial was only marginal,
with a hazard ratio (HR) of 0.85 (95% confidence interval
[CI]: 0.73-1.00) for the primary efficacy endpoint.? It should
be noted that this subgroup did not receive truly non-invasive
treatment, as 24% underwent revascularisation procedures
during the initial hospitalisation and only 60% completed
the 1-year follow-up without revascularisation.? In the
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dedicated TRILOGY ACS trial, where prasugrel failed to
significantly reduce the primary efficacy endpoint compared
with clopidogrel in 7,243 patients planned for non-invasive
treatment, 92% were actually treated conservatively.’?
Nevertheless, the HR of 0.91 (95% CI: 0.79-1.05) for the
efficacy endpoint in the TRILOGY ACS trial differs only
slightly from that observed in the PLATO subset.>* Secondly,
ticagrelor showed a mortality benefit over clopidogrel in the
PLATO trial.> However, caution should be exercised when
interpreting results that are not related to a trial’s primary
endpoint, particularly when these results are not replicated
in subsequent trials, including head-to-head comparisons of
ticagrelor versus prasugrel. Thirdly, there is a plethora of
favourable data for ticagrelor as a monotherapy following the
removal of aspirin.! Nevertheless, there is no pharmacological
reason to believe that prasugrel is not as effective as ticagrelor
as a monotherapy, particularly in light of the results from
recent trials using prasugrel monotherapy.

There are very strong arguments to support the superiority
of prasugrel over ticagrelor. Firstly, prasugrel provides
irreversible platelet inhibition and a long half-life, requiring
once-daily administration.! This is in contrast to ticagrelor,
which is a reversible P2Y, inhibitor with a short half-life,
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requiring twice-daily administration.! Therefore, compliance
is critical for ticagrelor to exert sustained, potent platelet
inhibition, as levels of platelet reactivity are more subject
to variability if a dose is missed. Secondly, given that
compliance is a noteworthy consideration for drug efficacy,
it should be noted that ticagrelor-treated patients are more
likely to discontinue treatment because of dyspnoea, which
may affect up to 30% of patients.! Thirdly, ticagrelor is
more susceptible to drug-drug interactions with agents that
compete with cytochrome P450 3A4, which can alter drug
exposure.!

In addition to these pharmacological considerations,
and probably because of them, evidence from dedicated
randomised controlled trials (RCTs) clearly shows prasugrel to
be superior to ticagrelor. The ISAR-REACT 5 trial compared
ticagrelor with prasugrel in patients with ACS for whom an
invasive evaluation was planned (n=4,018).* The primary
endpoint was significantly lower with prasugrel (an absolute
risk reduction of 2.4%) than with ticagrelor.* The difference
was consistent among patients with or without ST-segment
elevation. Conversely, no significant difference was observed
for major bleeding, probably because of the reduced prasugrel
dose used for patients at high risk of bleeding in this trial.*
Accordingly, guidelines recommend prasugrel over ticagrelor
for ACS patients undergoing PCL!

Cons

Marco Valgimigli, MD, PhD; Marco Frazzetto, MD

The administration of newer P2Y,, inhibitors (i.e., ticagrelor
or prasugrel) in ACS is the current standard of care, based
on two large clopidogrel-controlled double-blind trials.
Ticagrelor and prasugrel have been compared with each
other in three small-to-modest-sized RCTs, which were
designed with overly optimistic assumptions and are therefore
inconclusive.

The largest ISAR-REACT § trial (n=4,108) showed the
superiority of prasugrel over ticagrelor at 1 year for the
composite of death, non-fatal myocardial infarction (MI)
or stroke with no difference in major bleeding events.”
Several considerations warrant careful interpretation of
the study findings. First, the study is not a straightforward
drug comparison because it tested routine pretreatment
with ticagrelor versus prasugrel administered only after
coronary angiography. This design introduces a strategy-
level confounder that is not aligned with current guidelines
and prior data indicating no consistent clinical advantage of
systematic pretreatment with ticagrelor. Second, the design was
open label, in contrast to landmark megatrials. Third, events
were predominantly (83%) ascertained through telephone
contact. Fourth, patients with a history of cerebrovascular
events were excluded, a population which demonstrated
a net clinical harm in TRITON-TIMI 38.% Fifth, patients
treated with ticagrelor discontinued therapy earlier and more
frequently after discharge compared with those receiving
prasugrel. Although this difference may suggest variation
in tolerability between the two agents, the final number of
patients excluded from the safety endpoint analyses at 1 year

Prasugrel vs ticagrelor in ACS

The TUXEDO-2 trial most recently compared the
clinical outcomes of ticagrelor versus prasugrel in patients
with diabetes and multivessel coronary artery disease who
underwent PCI (n=1,800, 80% with ACS).’ The trial failed
to demonstrate that ticagrelor was non-inferior to prasugrel
with regard to the primary outcome at 1 year (a composite
of death, non-fatal myocardial infarction, stroke or major
bleeding).* The incidence of the primary endpoint was
numerically higher with ticagrelor than prasugrel, though
this difference was not statistically significant.” The ongoing
pooled individual patient data analysis (ISAR-TUXEDO)
will provide further insight into the comparative safety and
efficacy of prasugrel and ticagrelor.
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was 10 times higher in the prasugrel group, which may have
influenced the reported bleeding event rates.

The open-label TUXEDO-2 trial (n=1,800) enrolled patients
with diabetes and multivessel disease who were assigned to one
of two drug-eluting stents (Supraflex Cruz [Sahajanand Medical
Technologies Limited] vs XIENCE [Abbott]) and to ticagrelor
or prasugrel.’ Ticagrelor failed to demonstrate non-inferiority
for the net clinical outcome (a composite of all-cause death,
non-fatal MI, stroke, or major bleeding) and prasugrel failed
to show superiority over ticagrelor. Only 59% of the patients
presented with MI, and up to 20% presented with chronic
coronary syndromes (an off-label indication for both agents).
In addition, at hospital discharge, a 7% higher proportion of
patients in the ticagrelor group received the assigned study
drug compared with the prasugrel group (98.9% vs 91.6%).
Moreover, the low rate of intravascular imaging used (15.9%)
may have affected the results, given that the ticagrelor group
had a higher rate of small vessel disease and a higher stent
thrombosis rate. It is surprising, and again off-label, that the
dose-reduction criteria for prasugrel were not followed. Both
the ischaemic and bleeding outcomes numerically favoured
prasugrel — which raises questions — as a greater ischaemic
protection is normally offset by increased bleeding risk. Whether
these findings reflect a true pharmacological difference, chance,
or study-specific factors is unclear.

The earlier PRAGUE-18 trial, enrolling 1,230 patients with
ACS, was terminated prematurely for futility and showed no
difference between agents at 30 days or 1 year.”

We stand with the American ACC/AHA Guideline’ which,
in contrast to the European recommendation,' did not favour
prasugrel over ticagrelor in ACS patients undergoing PCI.
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the American ACC/AHA Guideline) 7 then as a monotherapy
e Strong evidence beyond 1 year of A No data beyond 1 year of
treatment for secondary prevention treatment
B Modern DAPT regimen

DAPT 1-3 months | c— P2Y,, inhibitor monotherapy

iy | e
T - G

Aspirin + :
ticagrelor 2 Ticagrelor M
- WY

e Reduced bleeding
e Preserved ischaemic protection

Figure 1. Potential advantages of ticagrelor over prasugrel in acute coronary syndromes. A) Ticagrelor versus prasugrel; (B) the
suggested modern DAPT regimen. ACS: acute coronary syndrome; CABG: coronary artery bypass graft; DAPT: dual
antiplatelet therapy; PCI: percutaneous coronary intervention; TIA: transient ischaemic attack
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Ticagrelor demonstrated a significant mortality reduction in
its pivotal trial and consistent findings across meta-analyses.
Ticagrelor can be administered in patients with a history of
cerebrovascular events, a subgroup that accounts for up to
approximately 10-11% of the ACS population. Ticagrelor,
unlike prasugrel, has been extensively evaluated within
abbreviated dual antiplatelet therapy strategies followed
by monotherapy, showing sustained ischaemic protection
alongside reduced bleeding risk, and has been endorsed as
Class 1 treatment in the American guidelines.”!'! Finally,
ticagrelor represents a viable therapeutic option beyond
1 year after ACS, again unlike prasugrel, which has almost
never been investigated long term (Figure 1).

In summary, we don’t believe in the “magic” findings of
greater ischaemic protection without any bleeding liability
or even bleeding benefit brought in by underpowered trials.
Adequately powered RCTs — specifically designed to confirm
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guideline recommendations.

ortic stenosis is the most prevalent heart valve

disease in the Western world, affecting an estimated

12.4% of individuals over 75 years of age!. With
no medical therapy proven to slow disease progression
or improve event-free survival?, the inexorable decline in
valve function leaves surgical aortic valve replacement or
transcatheter aortic valve implantation as the only available
therapeutic interventions. For the majority of symptomatic
patients with severe aortic stenosis, aortic valve intervention
is a widely accepted approach®*. However, for other groups
including asymptomatic patients with severe aortic stenosis
or symptomatic patients with moderate aortic stenosis, the
evidence remains less clear. In 1990, Dr Eugene Braunwald
stated that “operative treatment is the most common cause
of sudden death in asymptomatic patients with aortic
stenosis”®. Whilst likely accurate for that era, improvements
in technology, surgical approaches, perioperative care,
and, importantly, the advent of transcatheter aortic valve
implantation have improved outcomes following wvalve
intervention. Further, our understanding of the adverse left
ventricular remodelling that develops whilst patients await
symptom development and valve intervention has improved.
Irreversible cardiac damage occurs frequently and is strongly
associated with poor outcomes in the years and decades

Aortic stenosis is the most prevalent valvular heart disease in the Western world, affecting over 12% of individuals
aged 75 years and older. The optimal timing of transcatheter aortic valve implantation or surgical aortic valve
replacement remains one of the most debated topics in contemporary cardiology, particularly for asymptomatic
patients with severe disease or symptomatic patients with moderate aortic stenosis. Whilst symptomatic severe aortic
stenosis has established indications for intervention, the management of these other groups of patients requires
careful consideration of disease progression, myocardial damage, procedural risks, and long-term outcomes. Recent
randomised controlled trials have provided preliminary evidence regarding early intervention strategies. This
review examines the current evidence base for the timing of aortic valve replacement, with a particular focus on
transcatheter aortic valve implantation, and discusses the implications of recent trial data for clinical practice and

that follow aortic valve intervention®®. A focus on trying to
improve these longer-term outcomes in an era of minimally
invasive and low-risk valve interventions has led to interest
in extending indications for aortic valve intervention beyond
symptomatic patients with severe aortic stenosis. This may
include asymptomatic patients with severe aortic stenosis or
symptomatic patients with moderate aortic stenosis, in the
belief that the long-term outcomes of these patients might
be improved by valve intervention. This review examines
current evidence concerning the timing of aortic valve
replacement, with a particular focus on transcatheter aortic
valve implantation, and incorporates recent trial data to
provide a comprehensive assessment of optimal intervention
strategies across the spectrum of patients with aortic stenosis.

The rationale for watchful waiting

For decades, “watchful waiting” for the onset of symptoms
related to severe aortic stenosis before proceeding to aortic
valve intervention has been the recommended strategy for
most patients with aortic stenosis. This pathway followed
Braunwald and Ross’ observation over 50 vyears ago
that patients with aortic stenosis experience a prolonged
asymptomatic phase when prognosis remains favourable,
followed by a rapid increase in short-term mortality heralded

KEYWORDS: aortic stenosis; aortic valve replacement; transcatheter aortic valve implantation; valvular heart disease
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by the onset of symptoms’. Evidence to support this view was
based upon retrospective post mortem data with a mixture
of bicuspid and rheumatic valve disease, and a mean age at
death of 63 years. This would be viewed as modest-quality
evidence by modern standards, but their findings have been
repeatedly validated in subsequent observational series!'*'2.
These cumulative data, confirming that approximately 50%
of symptomatic patients die within 3 years
intervention, underpin consistent guideline recommendations
concerning the timing of aortic valve intervention in those
with symptomatic severe aortic stenosis®>*; it remains unlikely
that a randomised controlled trial will be undertaken to
confirm this recommendation.

Further studies have substantiated the prolonged
asymptomatic phase of aortic stenosis’*¥, confirming
that rates of sudden cardiac death in the short term, the
most feared complication of watchful waiting, are low at
around 0.65% per year'. This contrasts with contemporary
registries that report a 1-2% procedural mortality for both
transcatheter and isolated surgical aortic valve intervention'e.
Longer-term consequences associated with a prosthetic valve
(including infective endocarditis, thrombosis, and structural
valve degeneration) should also be considered. Competing
risks of death are an important factor, as patients may
undergo the discomfort and hospitalisation for a major
procedure yet die from a non-aortic stenosis-related condition
and never experience symptomatic or prognostic benefit
from aortic valve intervention. Therefore, whilst nearly all
asymptomatic patients with severe aortic stenosis develop
symptoms warranting valve intervention within 5 years, this
may be a valuable period associated with good quality of life
in patients who are frequently elderly, frail, and comorbid.

without

Potential benefits of early valve intervention
When assessing a patient with aortic stenosis, cardiologists
will generally consider whether intervention will either
improve symptoms and quality of life or alter prognosis.
For patients with typical symptoms, the clinical approach
is reasonably straightforward since aortic valve intervention
will provide both symptomatic benefit and an improved
prognosis. In asymptomatic patients, the arguments are less
straightforward since it is difficult to improve the symptomatic
status of an asymptomatic individual, particularly if they
are about to undergo a major intervention. However, recent
data have demonstrated that adverse remodelling occurs
whilst patients wait for valve intervention and is associated
with the adverse outcomes of heart failure and death in the
ensuing years”%!72!, The rationale for earlier intervention in
asymptomatic patients with severe aortic stenosis therefore
rests on the ability of this approach to improve long-term
outcomes.

Pathophysiology and natural history of aortic
stenosis

Aortic stenosis is no longer viewed as a passive degenerative
process but rather as an active disease characterised by lipid
accumulation, inflammatory activation, and progressive
fibrocalcific remodelling of the aortic valve leaflets?>?3,
Progressive narrowing of the aortic valve generates increasing
pressure overload on the left ventricle, which triggers a cascade

Timing of TAVI in AS patients

of compensatory remodelling and hypertrophy to maintain
wall stress and preserve cardiac contractility and performance,
often for many years. However, this compensatory process is
inherently finite and eventually decompensates, as patients
transition from left ventricular hypertrophy to heart failure,
symptom development, and major adverse clinical events
(Figure 1)?224,

The transition from compensatory hypertrophy to heart
failure involves complex interactions between myocyte
injury, apoptosis, and myofibroblast activation??¢. This
process results in extracellular matrix expansion and reactive
interstitial and replacement fibrosis?>?*?’. Reactive interstitial
fibrosis diffusely throughout the
following increased myofibroblast activation and collagen
deposition?!. This pattern is observed in earlier disease stages
and may regress following valve intervention?®. In contrast,
replacement fibrosis is more focally distributed and occurs
later in the disease course. Once established, this irreversible
form of fibrosis progresses rapidly until aortic valve
replacement is performed. The burden of replacement fibrosis
that a patient develops whilst waiting for valve replacement
therefore persists into the long term; this is of importance
because this has been consistently and closely associated with
an increased risk of heart failure and cardiovascular and all-
cause mortality following aortic valve intervention®?+252-32,
This provides further rationale for early interventional
strategies on the basis that these will reduce the burden of
myocardial fibrosis that develops in patients with aortic
stenosis, which in turn may improve longer-term outcomes.

occurs myocardium

Established indications for aortic valve
intervention
Symptoms due to severe aortic stenosis are considered an
indicator of left ventricular decompensation and indicate
poor prognosis without intervention, as initially described by
Braunwald and Ross in 1968° and subsequently confirmed
in a post hoc analysis of the 358 symptomatic patients with
severe aortic stenosis deemed unsuitable for surgery in the
PARTNER 1 randomised controlled trial’3. This analysis
demonstrated 50% mortality within one year in patients
receiving routine care, including balloon aortic valvuloplasty,
compared with 31% of those undergoing transcatheter aortic
valve implantation (hazard ratio 1.82, 95% confidence
interval: 1.35-2.50; p<0.001). Current international guidelines
from the American College of Cardiology/American Heart
Association and European Society of Cardiology give Class
I recommendations for valve intervention in symptomatic
patients with severe aortic stenosis (Tabhle 1)3+*,
Implementation of these guidelines in clinical practice
is nevertheless challenging. The classical symptom triad in
aortic stenosis — exertional dyspnoea, angina, and syncope —
is commonly experienced by older adults for other reasons.
False attribution of these coincidental symptoms to aortic
stenosis may result in major intervention with no clinical
improvement in how the patient feels and leave potential
alternative diagnoses unexplored. Conversely, physical
inactivity due to sarcopaenia, functional deconditioning,
and medical comorbidities can mask exertional symptoms
until the development of critical aortic stenosis. These
clinical challenges underscore the need for randomised
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Compensation
Normal Left ventricular
left ventricle hypertrophy
Increased
afterload

)

Supply-demand ischaemia
Mechanical stress
Myofibroblast activation
Myocyte cell death

Decompensation
Myocardial Heart failure
fibrosis
Adverse events
Symptoms

Figure 1. Left ventricular remodelling in aortic stenosis. Progressive obstruction of blood flow through the stiff, thickened valve

in aortic stenosis increases afterload and wall stress on the left ventricular myocardium, which becomes hypertrophied in order

to maintain cardiac contractility. Howeuver, in response to myocyte apoptosis, ischaemia, direct wall stress, and the activation of

myofibroblasts through profibrotic mediators (including angiotensin 11 and transforming growth factor-beta), fibrosis develops

(white regions within the left ventricle schematic), which can be visualised using late gadolinium enhancement on cardiac

magnetic resonance (yellow arrows). Increased myocardial fibrosis leads to left ventricular systolic and diastolic impairment,

heart failure, and adverse events.

data to inform clinical practice and better tools for the risk
stratification of patients who have the most to gain from
valve intervention.

Left ventricular systolic impairment is the inevitable
consequence of untreated progressive aortic stenosis without
treatment and may occur without associated symptoms. Despite
the absence of randomised clinical trial evidence, international
guidelines recommend intervention in asymptomatic patients
with severe aortic stenosis and reduced left ventricular ejection
fraction (<50%) regardless of symptom status®*. However,
it is important to remember that left ventricular systolic
impairment may have several underlying mechanisms, the
natural history of which may not be altered by aortic valve
intervention. Reduced ejection fraction caused by increased
afterload is likely to improve following valve intervention in
an otherwise healthy ventricle’*#°. The same may not be true
in patients with extensive myocardial infarction, coexistent
cardiac amyloidosis, or dilated cardiomyopathy, where the
mechanism of left ventricular dysfunction is independent of
the valve disease.

Conditional indications for intervention in
asymptomatic patients

Current guidelines provide several conditional indications
for intervention in asymptomatic patients with severe
aortic stenosis and normal left ventricular systolic function,
although these are based upon observational data rather
than randomised controlled trials. These include very severe
aortic stenosis (aortic valve peak velocity >5.0 m/s), abnormal
exercise testing with associated symptoms or abnormal blood
pressure response, rapid disease progression (an increase in
aortic valve peak velocity >0.3 m/s per annum) associated

Eurolntervention 2026;22:530-544 ¢ Neil J. Craig et al.

with severe valve calcification on computed tomography, or
markedly elevated natriuretic peptides with no other cause®*.

Exercise testing
International  guidelines
asymptomatic patients with severe aortic stenosis who develop
typical symptoms during exercise testing or demonstrate
a fall in systolic blood pressure at peak exercise*. This
recommendation is based upon a meta-analysis of four non-
randomised trials indicating that a “normal” exercise test
was not associated with any sudden cardiac death during the
11- to 15-month follow-up. However, many patients with
aortic stenosis are unable to complete such tests because of
non-cardiac functional limitations. Furthermore, exercise
test interpretation is challenging and subjective without clear
thresholds, and “normal” responses are difficult to define —
even elite athletes typically develop dyspnoea at some point
during an exercise test. While a normal exercise test has
a high negative predictive accuracy (ranging from 0.79-1.00),
suggesting that these patients can be managed conservatively,
the specificity of a positive test in predicting the development
of spontaneous symptoms or experiencing a major adverse
cardiac event is low (0.60-0.78)*¢. Notably, ST-segment
depression or an abnormal blood pressure response has not
been proven to improve the accuracy of exercise testing in
patients with aortic stenosis*.

recommend intervention for

Very severe or progressive aortic stenosis

Asymptomatic patients with critical aortic stenosis (aortic
valve peak velocity >5.0 m/s) have a poor prognosis that
is similar to those with symptoms, and registry data report
a twofold increase in all-cause mortality compared to patients
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Tahle 1. Key guideline recommendations for aortic valve replacement in patients with severe aortic stenosis.

ESC/EACTS 2025 guidelines® ACC/AHA 2020 guidelines*

Class . Class .
(Level of Evidence) Indications for AVR (Level of Evidence) Indications for AVR

Symptomatic severe

High-gradient severe aortic stenosis

High-gradient severe

aortic stenosis 1 (B) (mean gradient >40 mmHg, V__ >4.0 I (A) ] 3
m/s, and AVA <1.0 cm? or <0.6 cm?m?) CIIE SIS
Low-flow, low-gradient severe aortic 3 ; .
| (B) stenosis (stroke volume index <35 mL/ | (B) Is_:\\//é:éorgr’lr?cws%gigsgtwith
m?2, mean gradient <40 mmHg) with LVEF <50%
LVEF <50% °
Il ®) Confirmed low-flow, low-gradient severe I (B) I;:\\,’g;o:g A?C\A’;%gig:gtwi th
aortic stenosis with LVEF >50% LVEF >50%
As:ft'_“pt‘t’“‘at"? severe '®) LVEF <50% with no identifiable cause ® LEF soOmewithno
aortic stenosis i i
other than aortic stenosis than aortic stenosis
High-gradient severe aortic stenosis, as e feeittem (o eomearfieri
I (A) an alternative to close active surveillance I (B) I
if procedural risk is low gery
1 (C) >20 mmHg fall in systolic blood pressure 1 (A) Symptoms during exercise
during exercise testing testing
Very severe aortic stenosis (V__ >5 m/s
or mean gradient >60 mmHg), or an n :
; : >10 mmHg fall in systolic
Il (B) increase in V__ >0.3 m/s per annum, or I (A) blood pressure during

cause

BNP levels >3x the upper limit of
normal, or LVEF <55% without any other

exercise testing

Low surgical risk and
very severe aortic stenosis
(V.. >b m/s), or an

11 (A) increase inV__ >0.3 m/s
per annum, or BNP levels
>3x the upper limit of

normal

AVA: aortic valve area; AVR: aortic valve replacement; BNP: B-type natriuretic peptide; cm: centimetres; EACTS: European Society of Cardio-Thoracic
Surgery; ESC: European Society of Cardiology; LVEF: left ventricular ejection fraction; m: metres; m/s: metres per second; mL: millilitres;

mmHg: millimetres of mercury; V__ : aortic valve peak velocity

with velocities <5.0 m/s'3. The Randomized Comparison of
Early Surgery Versus Conventional Treatment in Very Severe
Aortic Stenosis (RECOVERY) trial demonstrated reduced
operative mortality and cardiovascular death following early
surgical aortic valve replacement versus watchful waiting
in 145 asymptomatic patients with very severe disease
(mean aortic valve peak velocity 5.1 m/s)¥’. However, this
study recruited a young cohort (mean age 64 years) with
predominantly bicuspid valves (61%) and was restricted to
surgical aortic valve replacement. Whilst these findings may
be not directly extrapolated to the general population suitable
for transcatheter aortic valve implantation, the trial does offer
support for the current guideline recommendations (Table 2).

Haemodynamic progression is a key feature of the natural
history of aortic stenosis with an average annual increase in
aortic valve peak velocity of 0.15 m/s'4*-°, However, there is
considerable variation between patients in the rate of disease
progression, with a minority progressing very quickly towards
critical aortic stenosis and earlier development of symptoms
and adverse events. Severe aortic valve calcification on
computed tomography correlates with faster progression and
increased mortality in observational studies, and guidelines
recommend considering intervention in asymptomatic patients
with severe aortic stenosis and severe calcification and an

increase in aortic valve peak velocity >0.3 m/s per annum
in low-risk patients>**-52, However, interpreting a 0.3 m/s
increase in aortic valve peak velocity between two different
scans and operators can be challenging in clinical practice.
The scan-rescan repeatability of aortic valve peak velocity
assessments is around 0.2 to 0.3 m/s in patients with severe
aortic stenosis (mean difference 5%, limits of agreement —7%
to 17%)%; therefore, differentiating rapid progression from
the natural variation in echocardiographic measurements is

difficult.

Biomarkers

Previous studies have shown that N-terminal pro-B-type
natriuretic peptide concentrations correlate with indices of
adverse left ventricular remodelling, earlier symptom onset, and
inferior outcomes following intervention®. These observational
findings underpin current guideline recommendations that
intervention should be considered in asymptomatic patients
with severe aortic stenosis and markedly elevated serum
N-terminal pro-B-type natriuretic peptide concentrations*.
However, while post hoc data from subsequent randomised
trials have confirmed the association between high N-terminal
pro-B-type natriuretic peptide concentrations and adverse
clinical events, this did not translate into improved outcomes

Eurolntervention 2026;22:530-544 ¢ Neil J. Craig et al.
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with earlier transcatheter aortic valve implantation when
examined in the Evaluation of Transcatheter Aortic Valve
Replacement Compared to Surveillance for Patients with
Asymptomatic Severe Aortic Stenosis (EARLY TAVR) trial*.
This may reflect the non-specific nature of N-terminal pro-
B-type natriuretic peptide which can be affected by multiple
factors beyond aortic stenosis.

Recent randomised trials in asymptomatic
patients with severe aortic stenosis

Based upon the results of recently published randomised
controlled trials, the most recent iteration of the European
Society of Cardiology and European Association of Cardio-
Thoracic Surgery guidelines have given a new Class Ila
recommendation with Level of Evidence A that intervention
should be considered in asymptomatic patients with severe,
high-gradient aortic stenosis and normal left ventricular
ejection fraction as an alternative to close active surveillance,
if the procedural risk is low’. Two of these trials have
been performed in patients undergoing surgical aortic
valve replacement rather than transcatheter aortic valve
implantation. Their results are of potential relevance to the
timing of transcatheter aortic valve implantation if we accept
that outcomes are likely to be similar with the two methods
of intervention. The RECOVERY trial in patients with critical
asymptomatic aortic stenosis has already been discussed. The
Aortic Valve Replacement Versus Conservative Treatment
in Asymptomatic Severe Aortic Stenosis (AVATAR) trial
randomised 157 asymptomatic patients (mean age 67 years,
14% with bicuspid valves) with severe aortic stenosis (median
aortic valve peak velocity 4.5 m/s) to surgical aortic valve
replacement or conservative treatment and demonstrated
a reduction in all-cause, though not cardiovascular, mortality
at 5-year follow-up (Tahle 2)55-%¢,

The EVOLVED trial

The Early Valve Replacement Guided by Biomarkers of Left
Ventricular Decompensation in Asymptomatic Patients with
Severe Aortic Stenosis (EVOLVED) trial enrolled a population
(n=224) of asymptomatic patients with severe aortic stenosis,
electrocardiographic left ventricular hypertrophy, and
elevated high-sensitivity cardiac troponin I, with myocardial
fibrosis confirmed on cardiac magnetic resonance imaging
(Table 2)°7. The hypothesis was that early intervention might
improve clinical outcomes in this study population enriched
for high cardiac risk. Eligible patients were randomised to
early valve intervention or guideline-directed conservative
management across 24 participating sites in the United
Kingdom and Australia. The mode of intervention was
determined by the local Heart Team at individual participating
sites, reflecting real-world practice. Two-thirds of patients
underwent surgical aortic valve replacement, whilst one-
third underwent transcatheter aortic valve implantation,
97% via the transfemoral approach. The trial found that
earlier aortic valve intervention had no demonstrable impact
on the combined primary endpoint of all-cause mortality
or unplanned aortic stenosis-related hospitalisation when
compared with guideline-directed conservative management.
However, early intervention resulted in fewer unplanned
aortic  stenosis-related  hospitalisations compared with

Eurolntervention 2026;22:530-544 ¢ Neil J. Craig et al.

guideline-directed conservative management, and the
burden of heart failure symptoms at 12 months was higher
in patients allocated to conservative care®®. These findings
remain important for an often elderly population in whom
the avoidance of limiting symptoms and hospital admissions
may be the primary treatment goal.

These results need to be assessed in light of significant
trial limitations. Importantly, the rate of transcatheter aortic
valve implantation was higher as a crossover treatment in
the guideline-directed conservative management arm than
the early intervention arm (45% and 25%, respectively).
This likely reflects improved access to transcatheter aortic
valve implantation during the course of the trial and the
need for urgent intervention following unplanned aortic
stenosis-related hospitalisations in patients who were too
unwell for surgical aortic valve replacement. This observation
limits generalisation of the trial findings to all patients being
considered for transcatheter aortic valve implantation, and
post hoc analysis of this group would be of interest. Whilst
the 15-month difference in time to intervention between study
arms in EVOLVED was the longest of all 4 randomised trials
addressing this question, the median time to intervention in
the early intervention arm was 5.5 months. Indeed, 6 patients
randomised to early intervention died before their procedure.
Whilst this reflects the real-world waiting time for valve
intervention in many healthcare systems®**2, concerns have
been raised that this delay is too long®3-s.

The EARLY TAVR trial

EARLY TAVR is the largest randomised controlled trial in
asymptomatic patients with severe aortic stenosis and normal
left ventricular systolic function (Table 2)%. This multicentre
study randomised 901 patients across 75 centres in the USA
and Canada to either early transfemoral transcatheter aortic
valve implantation with the balloon-expandable SAPIEN
3 or SAPIEN 3 Ultra valve (both Edwards Lifesciences), or
guideline-directed clinical surveillance. Early transcatheter
aortic valve implantation was associated with a reduction in
the primary composite endpoint of death, stroke, or unplanned
cardiovascular hospitalisation (26.8% vs 45.3%, hazard ratio
0.50, 95% confidence interval: 0.40-0.63; p<0.001).

The primary outcome result of EARLY TAVR has led to
calls for changes in international guidelines and a strategy of
early intervention for most asymptomatic patients with severe
aortic stenosis®. However, the impact of early intervention
on the primary outcome was principally driven by unplanned
cardiovascular hospitalisations, with no influence on
mortality. An important and unique aspect of the EARLY
TAVR trial’s primary endpoint was that any transcatheter
aortic valve implantation within 6 months of randomisation,
even a planned intervention in a stable patient, was considered
a primary outcome event. This scenario arose in 116 patients
(26%) in the clinical surveillance group, whilst it did not occur
in the early intervention group. Given that patients in the
open-label EARLY TAVR trial underwent transcatheter aortic
valve implantation work-up at the time of enrolment and
prior to randomisation, it has been suggested that subtraction
anxiety may have contributed to this high early crossover
rate and these primary outcome events. Of reassurance,
a post hoc analysis has shown that early transcatheter aortic



Table 2. Summary of randomised trials assessing the timing of aortic valve intervention in patients with aortic stenosis.

Aortic stenosis
severity

Key inclusion
criteria

Transcatheter
aortic valve
implantation

Surgical aortic
valve
replacement

Mean age, years
Female sex

Mean gradient,
mmHg

Bicuspid aortic
valve disease

Left ventricular
ejection fraction,
%

Study locations

Median
follow-up,
months

Time to early
intervention,
days

Time to
intervention in
surveillance arm,
days

Primary endpoint

Banovic et al,
2024556
AVATAR

Severe

Age >18 years
Asymptomatic
(without reported
symptoms, or anginal
chest pain, dizziness
or syncope during
exercise testing)

AVA <1 cm? or iAVA
<0.6 cm?m?orV__
>4.0 m/s or MG >40
mmHg

LVEF >50%

Early intervention:
0(0)
Conservative: 0 (0)

Early intervention:
72 (92)
Conservative: 25 (32)

67.0
43%

Early intervention:
51 (45-58)
Conservative:
50 (43-58)

14%

Early intervention:
70 (65-76)
Conservative:
69 (63-75)

9 centres:
Europe

63

55 (36-79)

476 (226-1,098)

All-cause mortality or
MACE composed of
acute myocardial
infarction, stroke, and
unplanned heart
failure hospitalisation
needing intravenous
treatment

Kang et al,
2020%
RECOVERY

Severe

Age 20-80 years
Asymptomatic

AVA <0.75 cm? and
either V__ >4.5 m/s or
MG >50 mmHg

Early intervention:
0(0)
Conservative: 1 (1)

Early intervention:
72 (100)
Conservative: 52 (70)

64.5
51%

Early intervention:
64x14
Conservative:
63x12

61%

Early intervention:
6545
Conservative:
65+4

4 centres:
Republic of Korea

73

23 (10-36)

700 (277-1,469)

Operative mortality
(during or within 30
days of surgery) or
cardiac mortality
during entire follow-up
(minimum of 4 years)

Loganath et al,

2024%®
EVOLVED

Severe

Aged >18 years
Asymptomatic

LVEF >50%

V... 24.0 m/s or iAVA

<0.6 cm?m?and V__
>3.5 m/s

Early intervention:
26 (23)
Conservative: 38 (34)

Early intervention:
80 (71)
Conservative: 47 (42)

73.4
28%

45.1+£10.8

29% (determined by
CMR)

68+8

24 centres:
United Kingdom and
Australia

42

152 (103-243)

614 (346-1,277)

All-cause mortality
and unplanned aortic
stenosis-related
hospitalisation

Eurolntervention 2026;22:530-544 ¢ Neil J. Craig et al.

All-cause death,
stroke and unplanned
cardiovascular

Timing of TAVI in AS patients

Geénéreux et al,
202458
EARLY TAVR

Van Mieghem et al,
20257
TAVR UNLOAD

Severe Moderate
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Symptomatic

LVEF <50%
NT-proBNP >1,500 pg/
mL or hospitalisation

Age 265 years for heart failure within

LIEF caltre 12 months

AVA <1 cm? or iAVA
<0.6 cm?m? and V M20220 I:nml?g art1d d
A mx <40 mmHg at rest an
;‘:ﬁ%g/s o e 240 AVA >1.0 cm? and
. <1.5 cm? at rest, or
Asymptomatic !
(confirmed by exercise M20220 I:nml?g art1d d
testing) <40 mmHg at rest an
AVA <1.0 cm? at rest
but >1.0 cm? by
low-dose dobutamine
stress echo

Barly intervention: Early intervention:

388 (87) '

Early intervention: Early intervention:
0 (0) 1(1)
Conservative: 7 (2) Conservative: 0 (0)
75.8 77.4
31% 21%
46.9+10.3 18.8+5.9
8.4% Not reported

67+6 39+9
66 centres:
74 centres: USA, the Netherlands,
USA and Canada .
and Austria
46 23
14 (9-24) 13 (7-15)

333 (150-591) 360 (180-600)

Hierarchical
occurrence of (1)
all-cause death;

(2) disabling stroke;
(3) disease-related
hospitalisations and
heart failure
hospitalisation
equivalents; (4) change
from baseline in the
KCCQ-0SS

hospitalisation
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Table 2. Summary of randomised trials assessing the timing of aortic valve intervention in patients with aortic stenosis (cont'd).

Geénéreux et al,
202455
EARLY TAVR

Banovic et al,
2024556

Kang et al,
2020%
RECOVERY

Loganath et al,
2024
EVOLVED

No significant
difference in the
incidence of the
primary endpoint
No difference in
mortality
Significantly fewer
unplanned aortic
stenosis-related
hospitalisations with

Van Mieghem et al,
20257
TAVR UNLOAD

AVATAR
Key findings

No significant
difference in the
incidence of the
hierarchical primary
endpoint

Significant
improvement in
KCCQ-OSS with early

Significantly lower
incidence of the
primary endpoint with
early intervention
compared to clinical
surveillance (26.8%
vs 45.3%, HR 0.50,

Significantly lower
incidence of the
primary endpoint with
early intervention
compared to clinical
surveillance (23.1%
vs 46.8%, HR 0.42,

Significantly lower
incidence of the
primary endpoint with
early intervention
compared to clinical
surveillance (1% vs
15%, HR 0.09, 95%

95% Cl: 0.24-0.73; Cl: 0.01-0.67; early intervention 95% Cl: 0.40-0.63; intervention compared
p=0.002) p=0.003) compared with p<0.0001) with clinical

Lower rate of mortality Lower rate of mortality conservative No difference in surveillance

with SAVR with early SAVR mortality (12.8+21.9 vs

management (6.2%
vs 17.1%, HR 0.42,
95% Cl: 0.24-0.73)

Data are presented as n (%), mean+SD or median (interquartile range), as reported. AVA: aortic valve area; Cl: confidence interval; cm: centimetres;
CMR: cardiac magnetic resonance; HR: hazard ratio; iAVA: indexed aortic valve area; KCCQ-OSS: Kansas City Cardiomyopathy Questionnaire overall
summary score; LVEF: left ventricular ejection fraction; m: metres; MACE: major adverse cardiovascular events; MG: mean transvalvular gradient;
mmHg: millimetres of mercury; NT-proBNP: N-terminal pro-B-type natriuretic peptide; s: seconds; SAVR: surgical aortic valve replacement; SD: standard

3.2+22.8; p=0.02)

deviation; V__ : aortic valve peak velocity

max”

valve implantation was associated with a reduction in an
endpoint of major adverse cardiovascular events comprising
death, heart failure hospitalisation, and stroke®®. Finally, even
though the mean age of the study participants (76 years)
was representative of a general aortic stenosis population,
the low average Society of Thoracic Surgeons score (1.8%)
suggests this was a relatively low-risk population, many of
whom would have been suitable for surgical aortic valve
replacement.

Meta-analysis of randomised trials in
asymptomatic patients with severe aortic
stenosis

A recent study-level meta-analysis incorporating data from the
4 randomised controlled trials in asymptomatic patients with
severe aortic stenosis (including EARLY TAVR and EVOLVED)
provides important insights concerning the overall evidence
base®”. Compared with clinical surveillance, early aortic valve
intervention via surgical or transcatheter techniques was
associated with a reduction in unplanned cardiovascular or
heart failure hospitalisation but no difference in all-cause
or cardiovascular mortality. Intriguingly, there was also
a reduction in the incidence of clinical stroke — a paradox
given the known risk of periprocedural stroke associated with
aortic valve intervention, which requires further exploration
in dedicated studies.

However, there are important differences between the trials
pooled in the meta-analysis that warrant consideration, many
of which are detailed in Table 2¢7. The most obvious is the
mode of intervention. Whilst all 4 trials compared an early
intervention strategy with clinical surveillance, RECOVERY
and AVATAR focused on surgical aortic valve replacement,
while EARLY TAVR assessed transfemoral transcatheter
aortic valve implantation with a balloon-expandable valve
alone — only in EVOLVED did the local heart valve team
pragmatically select between surgical and transcatheter aortic
valve intervention*”">%66, Whilst there was a significant

Eurolntervention 2026;22:530-544 ¢ Neil J. Craig et al.

interaction between the mode of intervention and all-
cause mortality, this likely reflects differing trial enrolment
criteria rather than the specific procedure. Accordingly, it is
worth highlighting that the mean age of participants in the
RECOVERY trial was 64 years, with bicuspid aortic valve
disease in 61% and a mean aortic valve peak velocity of
5.1 m/s, in comparison to EARLY TAVR, where the mean age
was 76 years, 8% had a bicuspid aortic valve, and the mean
aortic valve peak velocity was 4.3 m/s*7%,

The trials were also conducted across different healthcare
systems. As a result, there were large differences in the time
to early intervention and both time to crossover and time
from referral to intervention in the clinical surveillance arms.
Specifically, the mean times from randomisation to valve
intervention in those who crossed over from the clinical
surveillance arms were 330 days, 476 days, 614 days, and
700 days in EARLY TAVR, AVATAR, EVOLVED, and
RECOVERY, respectively*’5%¢_ In these patients, the time
to intervention from referral was 32 days in EARLY TAVR
compared with 100 days in EVOLVED and 123 days in
AVATAR; these data are not available for RECOVERY. It is
therefore possible that these differences contributed to the
absence of a mortality difference in EARLY TAVR compared
with RECOVERY and AVATAR, alongside other significant
confounders, such as age, disease severity, valve morphology,
and intervention strategy. This uncertainty can only be
resolved with individual patient-level meta-analyses.

Nonetheless, the findings suggest that while
intervention may prevent emergency hospitalisation and
the development of symptoms, survival benefit remains
uncertain except in the highest-risk cohort with the most
severe stenosis. Therefore, based on current evidence, the
main reason to consider early intervention in asymptomatic
patients with severe aortic stenosis would appear to be the
prevention of heart failure in this at-risk population. There
is likely to be important variation in how patients decide
to proceed. Some will not wish to undergo a major heart

early



valve procedure when they are currently free from symptoms
without the clear prospect of living longer. Others may prefer
to undergo early intervention in order to give them the best
chance of remaining healthy and asymptomatic for as long as
possible. In this context, detailed patient-centred discussions
and decisions will be required.

Transcatheter aortic valve implantation in
patients with moderate aortic stenosis

Although no guideline recommendations exist for
transcatheter or surgical aortic valve intervention in patients
with moderate aortic stenosis, it is recognised that these
patients may also experience symptoms and that survival
outcomes in moderate aortic stenosis patients are similar to
those in severe aortic stenosis patients in large observational
studies®®”°. However, distinguishing between symptoms
attributable to valve disease versus those arising from
frequently encountered comorbidities, including coronary
artery disease and chronic lung disease, presents a significant
clinical challenge. Furthermore, patients with moderate aortic
stenosis demonstrate survival outcomes that are similar
to those with severe aortic stenosis in large observational
studies”*73. In these observational studies, this relationship
is sustained after adjustment for potential confounders,
including hypertension, diabetes, coronary artery disease,
chronic kidney disease, and medication use. However,
whether this association is truly related to aortic stenosis or
comorbidity, and therefore whether it is modifiable with the
timing of aortic valve replacement, will only become evident
with randomised controlled trials. It is perhaps worth noting
that other observational studies have demonstrated that
patients with aortic sclerosis also have an adverse prognosis,
an association almost certainly related to comorbidity, and
in particular their associated coronary atherosclerosis’”.
Few would consider aortic valve intervention likely to be of
benefit in these patients. Nonetheless, the extent of adverse
left ventricular remodelling (including the presence of
replacement fibrosis) is similar in patients with moderate and
severe aortic stenosis’®.

In patients with both heart failure and moderate aortic
stenosis, the negative impact of symptoms and reduced
left ventricular systolic function on clinical outcomes is
well described. Correction of valvular impedance in this
population in order to reduce left ventricular afterload and
unload the failing left ventricle is an attractive hypothesis”"%.
To date, the Transcatheter Aortic Valve Replacement to
Unload the Left Ventricle in Patients with Advanced Heart
Failure (TAVR UNLOAD) trial provides the only randomised
data in this setting, enrolling 178 patients at 66 institutions
in the USA, the Netherlands, and Austria. The patients
were randomised to transfemoral transcatheter aortic valve
implantation using the balloon-expandable SAPIEN 3 valve
or clinical surveillance (Table 2)7%. Eligible patients were
symptomatic (New York Heart Association Class II-IV) with
reduced left ventricular ejection fraction (20-50%) despite
guideline-directed medical therapy for at least 1 month. In
the early intervention arm, 99% underwent transcatheter
aortic valve implantation at a median of 13 days following
randomisation, whereas in the clinical surveillance group,
43% underwent transcatheter aortic valve implantation at

Timing of TAVI in AS patients

a median of 12 months, mostly (92%) due to progression to
severe aortic stenosis. This underscores the fact that moderate
aortic stenosis can progress rapidly and that close surveillance
is essential.

Although transcatheter aortic valve implantation was
not superior to clinical surveillance in this population (win
ratio for the primary composite endpoint [assessed at the
longest common follow-up for each patient pair] 1.31,
95% confidence interval: 0.91-1.88; p=0.14), enrolment targets
were not met, prompting multiple protocol amendments,
iterative assumptions affecting sample size calculations, and
adjustments to outcome assessment timepoints. The authors
have acknowledged that the study was underpowered and
that further trials are required to confirm their findings. The
results of ongoing trials - Management of Moderate Aortic
Stenosis by Clinical Surveillance or TAVR (PROGRESS;
ClinicalTrials.gov: NCT04889872) and the Evolut EXPAND
TAVR II Pivotal Trial (NCT05149755) - are therefore eagerly
anticipated (Table 3). However, to date, no data exist to
justify pre-emptive transcatheter aortic valve implantation
in symptomatic patients with moderate aortic stenosis, heart
failure, and reduced left ventricular ejection fraction.

Lifelong management

The potential benefits of earlier aortic valve intervention
need to be balanced against the short- and long-term risks of
intervention, including prosthetic valve infective endocarditis,
thromboembolic complications, difficulties with future
coronary access, and structural valve deterioration requiring
repeat intervention®®. Recent 10-year follow-up data from
the Nordic Aortic Valve Intervention (NOTION) trial
demonstrate a 10% rate of valve failure in both transcatheter
and surgically implanted bioprosthetic valves”, and although
valve-in-valve transcatheter aortic valve implantation is
feasible in both settings, there are associated risks of acute
coronary obstruction, challenging future coronary access,
and patient-prosthesis mismatch®®. The effective orifice area
of an implanted transcatheter aortic valve will decrease with
successive valve-in-valve procedures, and severe patient-
prosthesis mismatch is associated with increased mortality®"%2.
These factors are of particular importance for younger patients
who may potentially face multiple interventions over
a lifetime. Some have argued that valve degeneration should
not be an important factor when considering the timing of
valve intervention in asymptomatic severe aortic stenosis,
citing the fact that asymptomatic patients are likely to
develop an indication for intervention within 2 years®’. This
assertion is based on data from the EARLY TAVR trial, in
which 71.4% of patients in the clinical surveillance arm had
undergone transcatheter aortic valve implantation at 2 years
and 47.2% at 1 year®®. These observations contrast with the
EVOLVED trial, in which only 28% of patients crossed over
to intervention in the first 12 months, although waiting lists
differ substantially between the healthcare systems where
these trials were performed®®. However, a meta-analysis of
observational data published before the completion of EARLY
TAVR suggested that symptoms develop at a rate of 18.5%
per year across the spectrum of patients with asymptomatic
severe aortic stenosis®®. It is unclear whether the higher
rate of crossover treatment in EARLY TAVR reflects closer
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Table 3. Active randomised controlled trials on the timing of aortic valve intervention in patients with aortic stenosis.

ClinicalTrials.gov
registration

Recruitment target
Estimated completion

Trial intervention

Key inclusion criteria

NCT04204915

2,844
April 2031

Early valve intervention
(SAVR or TAVI) versus
expectant management

Age >18 years
Asymptomatic

Severe AS (V>4 m/s or
MG >40 mmHg with AVA
<l.0cm?orV_  3.5-3.9
m/s and MG <40 mmHg
with AVA <1.0 cm? and
high sex-specific CT
calcium score)

NCT03972644

1,700
September 2029

Early valve intervention
(SAVR or TAVI) versus
watchful waiting

Age >18 and <85 years
Asymptomatic
Severe AS (AVA <1 cm?
andV__ >3.5m/s)
Evidence of increased left
ventricular filling pressures
by any of the following:
LAVi >34 mL/m?
E/e’ ratio >13

NCT04889872

2,250
June 2029

Early TAVI (SAPIEN 32,
SAPIEN 3 Ultra?, or
SAPIEN 3 Ultra RESILIA?)
versus clinical surveillance

Age >65 years

Moderate AS

Symptoms or evidence of
cardiac damage/
dysfunction

Suitable for transfemoral
TAVI

e EASY-AS DANAVR PROGRESS EXPAND TAVR Ii

NCT05149755

650
February 2026

Early TAVI (Evolut PRO+®
or Evolut FX°) & GDMT
versus GDMT & guideline-
directed management

Age >65 years

Moderate AS

Suitable for transfemoral

TAVI

LVEF >20%

Any of the following:
Symptoms
Reduced functional
capacity
Heart failure event in

Suitable for SAVR or TAVI
(deemed by treating
cardiologist)

LVEF >50%

Primary endpoint
Cardiovascular death and
hospitalisation for heart
failure

NT-proBNP >3x the
upper limit of normal
GLS >-15.5%

All-cause mortality

LVEF >20% the previous year
NT-proBNP >600 pg/mL
Atrial fibrillation

High CT calcium score

All-cause mortality, heart
failure hospitalisation or
event, or medical
instability leading to SAVR
or reintervention

All-cause death and heart
failure hospitalisation or
event

Data presented as n (%), mean=SD or median (interquartile interval) as reported. 2By Edwards Lifesciences; "by Medtronic. AS: aortic stenosis; AVA: aortic
valve area; cm: centimetres; CT: computed tomography; E: early diastolic peak mitral inflow velocity; e’: early mitral annulus diastolic velocity;

GDMT: guideline-directed medical therapy; GLS: global longitudinal strain; LAVi: indexed left atrial volume; LVEF: left ventricular ejection fraction;

m: metres; MG: mean transvalvular gradient; mL: millilitres; mmHg: millimetres of mercury; NT-proBNP: N-terminal pro-B-type natriuretic peptide;

pg: picograms; s: seconds; SAVR: surgical aortic valve replacement; SD: standard deviation; TAVI: transcatheter aortic valve implantation; V

peak velocity

clinical surveillance or subtraction anxiety in patients who
are prepared for intervention but randomised to clinical
surveillance. Nonetheless, a substantial proportion still do not
undergo intervention after 2 years; this may be valuable time
for elderly patients and avoid the need for a repeat procedure
in some younger patients. Further, a substantial proportion
of patients may go through the discomfort, hospitalisation,
and risk of aortic valve intervention without realising
a symptomatic or theoretical mortality benefit. Extended
follow-up of recently published trials will provide crucial data
concerning valve durability, rates of repeat intervention and
long-term survival, and balanced assessment of the lifetime
risks and benefits of each strategy.

Special considerations

ANATOMICAL FACTORS

The feasibility and risk of transcatheter
implantation depends heavily on anatomical factors, including
aortic root dimensions, calcification patterns,
height, and the feasibility of transfemoral access®*’. Patients
unsuitable for a transfemoral approach were excluded from
EARLY TAVR®, and only 2 transcatheter procedures were
performed via alternative access in EVOLVED?®. Decisions
concerning optimal access often come after the decision to
intervene, and non-transfemoral access may be associated
with a higher risk of adverse outcomes. For example, in
one large meta-analysis (including 1 randomised trial and

aortic  valve

coronary
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20 observational studies), transapical transcatheter aortic valve
implantation was associated with higher rates of in-hospital
and 1-year mortality, major bleeding and acute kidney injury,
as well as a longer hospital stay®®. Regardless of the timing
of intervention, pre-emptive cross-sectional imaging and Heart
Team discussion are essential to assess feasibility and quantify
risk in order to facilitate fully informed, personalised decision-
making between patients and their clinicians.

PATIENT-SPECIFIC FACTORS

Decisions concerning the timing of transcatheter aortic
valve implantation must be patient-centred and consider
factors beyond haemodynamic severity alone. Age, frailty,
comorbidities  (including concomitant disease),
life expectancy, and patient preferences all influence the
risk-benefit ratio of early versus delayed intervention in
individual patients'”. Multiple interacting factors, including
symptom burden, expectation of risks and benefits, domestic
and healthcare-based support, personal obligations and
responsibilities, and logistical barriers all have the potential
to influence a patient’s decision to undergo aortic valve
intervention®. It is also important to note that most deaths in
the conservatively managed arms of RECOVERY, AVATAR,
EARLY TAVR, and EVOLVED were not related to aortic
stenosis*»5556:586¢ " highlighting the importance of competing
risks of death in this frequently elderly population. It is
therefore possible that many patients undergoing earlier

valve



aortic valve intervention may experience hospitalisation and
the discomfort of a major procedure with its associated risks
but never derive symptomatic or prognostic benefit.
Evaluating the presence of symptoms in the cohort of
elderly patients with aortic stenosis is challenging, whether
due to comorbidities such as chronic obstructive pulmonary
disease which may also cause dyspnoea, or the fact that many
patients limit their daily activities to avoid symptoms or are
unable to perform such activities because of extreme age,
limited mobility, or other issues. These patients are also often
incapable of exercise testing and were largely excluded from
the trials. Objective assessment and risk stratification (for
example, with N-terminal pro-B-type natriuretic peptide or
cardiac magnetic resonance to detect mid-wall fibrosis) may
be helpful, but this requires further study in dedicated trials.
In the era of pragmatic and realistic medicine, it is also worth
considering that older patients with limited mobility and
significant comorbidity are likely to have higher competing
risks of death, and arguably less to gain from an early
intervention strategy. Indeed, for these patients, undergoing
transcatheter aortic valve implantation may be exposing them
to an unnecessary procedure if they die from a non-aortic
stenosis-related cause before developing symptoms from
aortic stenosis or suffering an aortic stenosis-related death.

Close clinical surveillance

The success of a clinical surveillance strategy is likely to
be dependent on both the likelihood of a patient reporting
the development of symptoms promptly and the healthcare
system’s ability to provide rapid clinical assessment, access
to early transthoracic echocardiography, and timely aortic
valve intervention upon the development of symptoms or
left ventricular systolic dysfunction. The former requires
careful evaluation of each particular patient, while the latter
involves consideration of local healthcare systems’ capacity
and resource allocation. In EARLY TAVR, clinical surveillance
constituted clinical and echocardiographic assessments at
baseline, 1, 2, 3, and § years post-randomisation, and standard
care in accordance with American College of Cardiology and
American Heart Association guidelines*¢®®. Whilst this may
be possible to replicate in routine practice, the median of
32 days from referral to intervention in patients crossing over
from the clinical surveillance arm may be more challenging
to deliver. Cross-sectional imaging to determine the feasibility
of transcatheter aortic valve implantation, early dental
assessment, and other local preparatory procedures should
therefore be organised at an early stage to enable timely
intervention from the point of referral. These limitations of
clinical surveillance in routine practice should be considered
when determining treatment pathways for individual patients
and institutions.

Recommendations and future directions

Until now, many guideline-recommended indications for
aortic valve intervention have been based upon observational,
retrospective data with inherent risk of bias, and several
have failed to demonstrate improved outcomes in subsequent
randomised trials. Recent evidence with Level of Evidence
A#7,35,56586667 in  asymptomatic patients with severe aortic
stenosis provides important data to guide clinical decisions

Timing of TAVI in AS patients

in this patient population, and considerations influencing the
timing of transcatheter aortic valve implantation in patients
with aortic stenosis are provided in the Central illustration.

Symptomatic patients with severe aortic stenosis and
those who are asymptomatic with left ventricular systolic
dysfunction due to their valve disease should undergo prompt
valve intervention.

The EARLY TAVR and EVOLVED trials suggest that most
asymptomatic patients with severe aortic stenosis and normal
left ventricular ejection fraction can be reassured that the
risk of mortality is low while waiting for the development
of symptoms or left ventricular systolic dysfunction, provided
that they are watched closely. Aggregate data from the
randomised controlled trials confirm that an early intervention
strategy for all asymptomatic patients with severe aortic
stenosis has no clear overall mortality benefit. However, there
may be important considerations and subgroups of patients
in whom early intervention may prevent death. For example,
strict clinical surveillance and prompt intervention upon
the development of symptoms may reduce sudden cardiac
death, whilst data from RECOVERY suggest that younger
patients with very severe aortic stenosis also derive mortality
benefit. These considerations should be balanced against
the risk of periprocedural complications and future events,
including infective endocarditis and valve degeneration.
The primary benefit of early intervention appears to be the
prevention of symptoms and need for emergency heart failure
hospitalisation, which itself is not benign and is associated
with longer-term mortality. Long-term outcome data from
the 4 randomised controlled trials will therefore be essential
to truly understand the risks and benefits of each strategy.

Overall, this information requires careful discussion with
patients in relation to their values and preferences, supporting
a move towards personalised decision-making rather than
universal early supporting early
intervention include acceptance of procedural risk, a desire to
prevent symptoms and hospitalisations, favourable anatomy,
younger age, very severe aortic stenosis (aortic valve peak
velocity >5.0 m/s), myocardial fibrosis on cardiac magnetic
resonance, and the ability of patients and the local healthcare
system to maintain close clinical surveillance. Alternatively,
factors favouring watchful waiting include lower tolerance of
procedural risk, very young age (with durability concerns),
extreme age with a competing risk of death, other personal
responsibilities that might be disrupted by intervention, and
willingness to accept the requirements of close surveillance.

Regardless of the selected strategy, all patients with
moderate or severe aortic stenosis require regular clinical
and echocardiographic surveillance. Education concerning
the expected disease course is important to facilitate prompt
symptom reporting, and healthcare services must be prepared
to facilitate prompt reassessment in the event of symptoms
or clinical deterioration. Given that the procedural risk of
transcatheter aortic valve implantation is partly determined
by anatomical characteristics, pre-emptive cross-sectional
imaging once severe aortic stenosis is confirmed not only
assists procedural planning but, importantly, allows accurate
presentation of the risks and benefits of intervention before
a decision to intervene is made. Use of biomarkers including
N-terminal pro-B-type natriuretic peptide concentration,

intervention. Factors
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Eurolntervention Central lllustration

Management strategies in asymptomatic patients with severe aortic stenosis.

Early valve intervention

Lower rates of heart failure hospitalisations
Lower rates of stroke

Close clinical surveillance

I

No significant difference in mortality

The strategy should be tailored to the individual patient

Factors favouring intervention:
Patient preference
Symptoms
Reduced left ventricular ejection fraction
Favourable anatomy
Low procedural risk
Very severe aortic stenosis
Rapidly progressive Viax
Severe valve calcification

Factors favouring surveillance:
Patient preference
Durability concerns
Significant comorbidity
Unfavourable anatomy but candidate for
surgical AVR

High procedural risk

Willingness to undergo timely surveillance
Local capability

velocity
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Factors influencing the timing of valve intervention in aortic stenosis. AVR: aortic valve replacement; V. : aortic valve peak

electrocardiographic evidence of left ventricular hypertrophy
with strain, and advanced imaging assessments including
cardiac magnetic resonance for risk stratification should also
be considered in selected patients where there is persistent
uncertainty concerning the optimal treatment strategy.

Future research priorities

The large, investigator-led Early Valve Replacement in
Severe Asymptomatic Aortic Stenosis Study (EASY-AS;
ClinicalTrials.gov: NCT04204915) aims to randomise over
2,000 patients to a strategy of early aortic valve intervention
(either surgical aortic valve replacement or transcatheter
aortic valve implantation) or conservative management with
no other enrichment criteria. Similarly, the Danish National
Randomized Study on Early Aortic Valve Replacement
in Patients With Asymptomatic Severe Aortic Stenosis
(DANAVR; NCT03972644) is actively recruiting 1,700
asymptomatic patients with severe aortic stenosis enriched
by the presence of elevated left atrial filling pressures, who
are randomised to early aortic valve intervention (including
surgical aortic valve replacement or transcatheter aortic valve
implantation) or watchful waiting. The results of these studies
are eagerly anticipated®. In patients with moderate aortic
stenosis, ongoing trials in symptomatic patients (PROGRESS
[NCT04889872] and EXPAND TAVR II [NCT05149755])

Eurolntervention 2026;22:530-544 ¢ Neil J. Craig et al.

will provide much-needed data to guide decisions in this
complex patient cohort. Key details of all of these trials,
including inclusion and exclusion criteria and the primary
endpoint definitions, are summarised in Table 3. Individual
patient-level meta-analyses of the existing aortic stenosis trials
may help to determine which specific subgroups derive most
benefit from early valve intervention, and extended follow-up
of these trials will provide a comprehensive understanding of
the longer-term risks and benefits of early valve intervention.
Recent data from the Dapagliflozin in Patients Undergoing
Transcatheter Aortic Valve Implantation (DapaTAVI) trial
demonstrate that adjunctive dapagliflozin results in a lower
incidence of all-cause death or worsening heart failure
following transcatheter aortic valve implantation in patients
with a history of preceding heart failure’'. Whilst beyond the
scope of this review, this introduces the exciting concept of
medical therapy and valve intervention acting in synergy to
improve reverse remodelling and to prevent the development
of heart failure in these patients.

Conclusions

Transcatheter aortic valve implantation has now evolved
beyond the treatment of high-risk, symptomatic patients with
severe aortic stenosis. Recent randomised trials demonstrate
that earlier intervention in asymptomatic severe aortic



stenosis is safe, reduces hospitalisations, and prevents the
development of symptoms, although mortality benefits remain
uncertain. Moves towards more personalised approaches that
integrate clinical characteristics, imaging data, and individual
patient preferences are now essential. Future research should
focus on the long-term outcomes of current trials, patients
with moderate aortic stenosis, and the use of evidence-based
adjunctive medical therapies alongside transcatheter aortic
valve implantation.
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BACKGROUND: Despite the growing demand for transcatheter aortic valve implantation (TAVI), there is no strategy
to prevent its most common complication: cardiac conduction disturbances (CCD). These disturbances often
necessitate permanent pacemaker implantation (PPI), leading to high morbidity and costs. Post-TAVI CCD may be
transient, resulting from inflammation.

AIMS: We aimed to evaluate the feasibility, safety, and preliminary efficacy of glucocorticoids in preventing PPI in
patients undergoing TAVI.

METHODS: This pilot study followed a Prospective Randomised Open-label Blinded Endpoint (PROBE) design. One
hundred TAVI patients were randomised 1:1 to standard care or methylprednisolone (7 mg/kg administered 1 hour
preprocedure), followed by prednisone (15 mg every 12 hours for 5 days). Electrocardiograms and inflammatory
biomarkers were assessed pre- and post-intervention, and at 1 month and 1 year. The primary efficacy endpoint was
the 1-month incidence of PPI. Secondary outcomes included 1-year PPIL, new left bundle branch block (LBBB), LBBB
and PPI, other CCD, mortality, and procedural complications.
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RESULTS: The primary efficacy outcome occurred in 16% of the control group and 8% of the intervention group,
reflecting a 50% relative risk (RR) reduction in PPI (RR 0.50, 95% confidence interval [CI]: 0.16-1.55; p=0.23).
There was no significant difference in 1-year PPI (RR 0.67, 95% CI: 0.26-1.73; p=0.41) or new LBBB (RR 1.12,
95% CI: 0.66-1.89; p=0.66). The intervention was safe, without differences in complications, mortality (4% vs
12%; p=0.27), or adverse events (n=3).

CONCLUSIONS: Glucocorticoids in TAVI are feasible and safe. The observed numerical difference in PPI did not
reach statistical significance. Large-scale trials are needed to confirm the results of this pilot study.

KEYWORDS: aortic valve stenosis; bundle branch block; cardiac conduction disturbances; glucocorticoids;
pacemaker; transcatheter aortic valve implantation
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ver the past decade, the volume of transcatheter
O aortic valve implantation (TAVI) procedures has
increased exponentially. This growth has been driven
by an ageing population and the expansion of TAVD’s clinical
indications, which now encompass patients at intermediate
and even low surgical risk.! Despite these advances, no
definitive strategy exists to prevent one of its most common
complications: the development
disturbances (CCD) and the subsequent need for permanent
pacemaker implantation (PPI). The incidence of CCD and PPI
following TAVI varies across different registries. For instance,
two meta-analyses, collectively analysing 27,273 patients
undergoing TAVI, reported PPI incidences ranging from 13%
to 17%.23
One mechanism underlying conduction system damage
during TAVI is direct mechanical injury, resulting from the
radial force exerted by the bioprosthesis on the bundle of His,
which lies in close anatomical proximity to the deployment
site.* However, mechanical compression alone may not fully
account for the observed CCD. Longitudinal studies have
shown that the majority of patients requiring PPI post-
TAVI are not pacemaker dependent at follow-up, suggesting
the involvement of a transient and potentially reversible
mechanism.® A recent study demonstrated that intraprocedural
and postprocedural atrioventricular block (AVB) differ
substantially in their clinical behaviour, suggesting distinct
mechanisms.® Intraprocedural AVB was predominantly
persistent and resulted in high pacemaker dependency (94%).
In contrast, postprocedural AVB was mostly paroxysmal with
low pacemaker dependency (9%), supporting a transient
mechanism. A key candidate for such a mechanism could be
inflammation. Up to 50% of TAVI recipients develop a systemic
inflammatory response, which may contribute to local tissue
oedema and fibrosis, further damaging the conduction
system.” Lazzerini et al® demonstrated that patients with
elevated plasma concentrations of C-reactive protein (CRP)
exhibited a prolonged PR interval on electrocardiography
(ECG), which normalised with the reduction of inflammatory
markers, especially interleukin 6 (IL-6). This finding has
generated interest in targeting inflammation as a novel
strategy to prevent CCD in patients undergoing TAVI
However, previous studies have shown inconsistent results,
limited by their retrospective design, small sample sizes, and
short follow-up periods.”'? Nonetheless, these studies have
consistently demonstrated the safety of glucocorticoid therapy
in this population. Given these limitations, we conducted the
first Prospective Randomised Open-label Blinded Endpoint
(PROBE)-design pilot study to assess the feasibility, safety,
and preliminary efficacy of glucocorticoids for preventing
CCD and PPI in patients undergoing TAVIL

of cardiac conduction

‘ Editorial, see page 513

Impact on daily practice

The GLUCO-TAVI trial is the first Prospective Randomised
Open-label Blinded Endpoint-design pilot study to evaluate
glucocorticoid therapy in patients undergoing transcatheter
aortic valve implantation (TAVI). A numerical reduction
in pacemaker implantation at 1 month (relative risk
0.50) was observed with an acceptable safety profile,
although this did not reach statistical significance. These
hypothesis-generating findings suggest that a short course
of glucocorticoids represents a potential strategy to reduce
post-TAVI conduction disturbances. Evaluation in larger,
adequately powered randomised trials is warranted before
any conclusions regarding clinical applicability can be drawn.

Methods

POPULATION

Inclusion criteria comprised male and female patients with
severe symptomatic aortic stenosis, candidates for TAVI
according to the 2021 European Society of Cardiology
(ESC) guidelines, who were over 75 years old or unsuitable
for surgery.! Exclusion criteria were (a) patients with pre-
existing cardiac implantable electronic devices (pacemakers,
implantable cardioverter-defibrillators, or cardiac resyn-
chronisation devices); (b) those with contraindications to
glucocorticoids (hypersensitivity, immunosuppression, active
or latent infections, insulin-dependent diabetes, glaucoma,
recent intestinal perforation or acute heart failure [HF]); (c)
patients on chronic glucocorticoid therapy (oral, inhaled, or
intravenous forms, while permitting topical and ophthalmic
administration); (d) patients requiring non-femoral access for
TAVI; and (e) those on concurrent medications with known
interactions with glucocorticoids.

TRIAL DESIGN

The present pilot study employs a single-centre, PROBE
design. A total of 100 patients were recruited and randomly
assigned in a 1:1 ratio to receive standard care (control group
[CG]) or glucocorticoid therapy (intervention group [IG]).
The IG received 7 mg/kg of intravenous methylprednisolone
(maximum 500 mg) 1 hour prior to the procedure, followed
by oral prednisone 15 mg every 12 hours for 5 days. Tapering
was not required. Standard care included routine TAVI
procedural management according to institutional protocols,
encompassing periprocedural prophylaxis and
antithrombotic therapy. Randomisation was performed using
plnvestiga, version 6.0 (www.pinvestiga.com), and a computer-
generated algorithm. Valve type selection was determined prior
to randomisation based on patient clinical characteristics,
anatomical features, and computed tomography angiography
(CTA) findings. Randomisation was performed the day before

antibiotic

PPl  permanent pacemaker implantation
TAVI  transcatheter aortic valve implantation

Abbreviations

AVB  atrioventricular block HF heart failure

ccD  cardiac conduction disturbances 1G intervention group

CG control group LBBB left bundle branch block
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the scheduled TAVI procedure. While treatment allocation was
open-label for the interventional cardiologists, blinding was
maintained for outcome assessments and data analysis.

The study protocol is detailed in the Central illustration
and was prospectively registered at ClinicalTrials.gov:
NCT06076824 as a phase IV trial, reflecting the regulatory
status of glucocorticoids as authorised medicinal products
being investigated for a new indication. Prior to TAVI, all
patients underwent a CTA and echocardiography. Twelve-
lead ECGs and blood tests were performed the day before
the procedure, immediately post-TAVI, and at 1 month and
1 year. Additionally, an echocardiogram was conducted the
day after the procedure to exclude complications. Data on
procedural complications and mortality were collected during
admission and at 1 month and 1 year.

RATIONALE FOR THE SELECTION OF THE GLUCOCORTICOID
REGIMEN

The glucocorticoid regimen in our study was selected based
on prior research, with the aim of balancing efficacy and
safety. We opted for a higher dose of methylprednisolone than
the equivalent used by Havakuk et al,'® who administered
a single 500 mg dose of hydrocortisone (equivalent to 1 mg/
kg/day of methylprednisolone) without finding significant
differences in PPI. We postulated that a higher dose might be
necessary to observe a therapeutic effect. This dosing strategy
is consistent with current ESC guidelines for the treatment

Glucocorticoids: post-TAVI pacemaker prevention

of inflammatory cardiac conditions such as lymphocytic
or giant cell myocarditis.!!
high bioavailability and rapid plasma distribution (peak
concentration at 0.8 hours), a single intravenous dose 1 hour
before TAVI was deemed sufficient to achieve optimal anti-
inflammatory effects. Oral prednisone (15 mg every 12 hours)
was subsequently administered for 5 days to maintain the
anti-inflammatory activity. This low-to-moderate dose is
comparable to regimens used in recurrent pericarditis (0.2-
0.5 mg/kg/day) and is associated with fewer adverse effects
than higher doses (1 mg/kg/day).!! The 12-hour interval
was chosen based on the drug’s plasma elimination half-life
(2-3 hours), ensuring a sustained effect throughout the day.!?

Given methylprednisolone’s

OUTCOMES

The primary efficacy endpoint was the 1-month incidence
of PPI (Valve Academic Research Consortium 3 criteria)."
Given the short glucocorticoid treatment, its potential effect
on preventing CCD was expected to manifest within the early
postprocedural period. The decision to implant a permanent
pacemaker was reached by consensus between the attending
physician (different from the interventionalist who performed
the TAVI) and the electrophysiologist, in accordance with
guidelines on cardiac pacing, with both assessors unaware of
which patients belonged to the intervention group.!* Secondary
efficacy outcomes included the following: PPI at 1 year, new-
onset left bundle branch block (LBBB; at discharge, 1 month

Eurolntervention Central lllustration

Glucocorticoids to reduce permanent pacemaker implantation after TAVI: the GLUCO-TAVI randomised trial.

CONTROL
GROUP Usual care PPI at 1 month RR 0.50%; p=0.23
GLUtC!l-ITAVI N=50 PPI at 1 year RR 0.67; p=0.41
ria
N=100 INTERVENTION Methylprednisolone Prednisone
GROUP 7 mg/kg IV 15mg/12h New-onset LBBB
1. Inclusion criteria: N=50 (Lh pre-TAV) (5 days) RR 112; p=066
Symptomatic severe
AS, >75yrs old or PPI + LBBB at 1 month
unsuitable for surgery RR 0.63; p=0.17
2. Exclusion criteria: L 2] o
:frewouls PPI, nor(1:-| 0 66 Inflammatory markers
O‘i"c‘ﬁrfgniaccégsavse 0L, ACRP (mg/L): {GC; p<0.001
Baseline visit Day -1 TAVI Day1 1 month
TTE ECG ' ECG 1year Adverse events:
Informed consent  Blood analysis TTE ECG - Vascular complications:
Randomisation ) Blood analysis Events G 2% vs 1G 10%; p=0.20

Laura Fuertes-Kenneally et al. ® Eurolntervention 2026;22:545-554 ¢ DOI: 10.4244/E1J-D-26-00032

*RR<1 indicates a lower risk in the glucocorticoid group. ACRP: change in C-reactive protein levels; AS: aortic stenosis;
CG: control group; CI: contraindication; ECG: electrocardiogram; GC: glucocorticoid; HF: heart failure; IG: intervention
group; IV: intravenous; LBBB: left bundle branch block; PPI: permanent pacemaker implantation; RR: relative risk;
TAVI: transcatheter aortic valve implantation; TTE: transthoracic echocardiography

- Mortality: CG 4% vs 1G 12%
- GC adverse events:
1 hyperglycaemia and 2 HF

Eurolntervention 2026;22:545-554 ¢ Laura Fuertes-Kenneally et al.
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and 1 year), the composite of PPI and LBBB (at 1 month
and 1 year), LBBB resolution (at 1 month, defined as a QRS
duration <120 ms without LBBB morphology on the ECG),
the occurrence of other CCD (at discharge, 1 month, and
1 year), the mean change in QRS duration (AQRS) in patients
who did not require PPI (at discharge and 1 month), clinically
significant AQRS (>20 ms; at 1 month), and change in the
CRP level (ACRP).

Safety  endpoints  included mortality, procedural
complications (bleeding, vascular complications, and peri-
procedural myocardial infarction or stroke), and
glucocorticoid-related ~ adverse (acute  HE,
hyperglycaemia, or infections). Detailed outcome definitions
and monitoring protocols are provided in Supplementary
Appendix 1 and Supplementary Appendix 2,158

events

ETHICAL ASPECTS

The trial was approved by our centre’s ethics committee
(reference: 2022-116), and all patients provided written
informed consent. The study was conducted in accordance
with the principles of Good Clinical Practice for clinical trials
and drug evaluation in humans, as outlined in the Declaration
of Helsinki (amended in Fortaleza, Brazil, October 2013; see
Appendix 3), the Spanish legislation on clinical trials (RD
1090/2015), and the Guideline for Good Clinical Practice E6
(R2) CPMP/ICH/135/95.

STATISTICAL ANALYSIS

As this is a pilot study, no formal sample size calculation was
performed; the primary focus was on effect size estimation
(relative risks [RR] and 95% confidence intervals [CI]) rather
than hypothesis testing.!” The sample size of 100 participants
was selected based on feasibility and the need to generate
preliminary data for a future trial. This exceeds the minimum
of 25 per arm recommended by Whitehead et al?® for pilot
studies informing definitive randomised controlled trials
with small-to-medium effect sizes. Descriptive analysis was
performed by calculating frequencies for categorical variables
and meanssstandard deviations (SD) for quantitative
variables. Baseline homogeneity between the CG and IG was
assessed using contingency tables and Fisher’s exact test for
categorical variables. The incidence of outcomes in each group
was similarly evaluated using these methods. For quantitative
variables, the Mann-Whitney U test was applied. Relative
risks were estimated using Poisson regression models with
robust variance, alongside their corresponding 95% CI. This
analysis provides unbiased risk ratios, whereas odds ratios
from logistic regression might overestimate effect size when
outcomes exceed 10%. Given the exploratory nature of this
pilot trial, we deliberately refrained from subgroup analyses,
multivariable adjustment, or stratification, as such analyses
would be underpowered and prone to overinterpretation.
Statistical analyses were conducted using SPSS, version 29
(IBM) and R, version 4.4.2 (R Foundation for Statistical
Computing), with statistical significance set at p<0.035.

Results

PATIENT CHARACTERISTICS

Patients’ baseline characteristics are summarised in Table 1.
A total of 100 patients meeting the inclusion criteria were

Eurolntervention 2026;22:545-554 o Laura Fuertes-Kenneally et al.

recruited between August 2023 and April 2024. No patients
were lost to follow-up or withdrew from the study. Baseline
characteristics were comparable between groups. However,
baseline aortic valve calcium was significantly lower in
the CG compared with the IG (885.52+1,562.09 mm?® vs
978.47+627.28 mm’; p=0.021).

OUTCOMES

PRIMARY OUTCOME

The incidence of PPI at 1 month was 16% (n=8) in the CG
compared with 8% (n=4) in the IG (RR 0.50, 95% CI: 0.16-
1.55; p=0.23) (Figure 1, Table 2). Most PPI occurred during
hospitalisation (n=12), primarily for persistent complete AVB.
The timing of AVB was similar between groups (Supplementary
Table 1). Intraprocedural AVB occurred in 37.5% of the CG,
compared with 25.0% of the IG. Among postprocedural cases,
AVB was detected within 48 hours in 40.0% of the CG versus
66.7% of the 1IG. Late PPI (from 1 month to 1 year) was
performed in two IG patients (33.3%) and one CG patient
(11.1%) for the following reasons: complete AVB (n=1, IG;
11 months post-TAVI), alternating bundle branch block (n=1,
IG; 8 months post-TAVI), and symptomatic bradycardia-
tachycardia syndrome (n=1, CG; 11 months post-TAVI). All
15 PPI were for Class I indications.'

SECONDARY OUTCOMES

The incidence of PPI at 1 year was 18% (n=9) in the CG
compared with 12% (n=6) in the IG (RR 0.67, 95% CI: 0.26-
1.73; p=0.41) (Figure 1, Table 2). The incidence of new-onset
LBBB was 34% (n=17) in the CG and 38% (n=19) in the
IG (RR 1.12, 95% CI: 0.66-1.89; p=0.66) (Figure 1). Only
18% (n=9) of the CG and 14% (n=7) of the IG demonstrated
persistent LBBB at 1 month. LBBB resolved in 47.1% (8/17)
in the CG and 63.2% (12/19) in the IG within 1 month (RR
1.34, 95% CI: 0.73-2.47; p=0.50) (Figure 2). No new-onset
LBBB developed or resolved between the 1-month and 1-year
follow-ups. A trend towards a lower composite endpoint
of PPI and persistent LBBB was observed at 1 month (RR
0.63, 95% CIL: 0.32-1.24; p=0.17) and 1 year (RR 0.71,
95% CIL: 0.38-1.32; p=0.28), though this did not reach
statistical significance. Regarding other CCD (Supplementary
Table 2), 8% (n=4) of patients in both the CG and IG
developed additional CCD: right bundle branch block (RBBB;
1 patient in each group), left anterior hemiblock (1 in the
IG), bifascicular block (1 in the CG), and first-degree AVB
(2 patients in each group). All these CCD manifested within
the first month. Among these patients, only the individual in
the IG who developed RBBB experienced resolution of the
condition before discharge.

In patients who did not require PPI, the mean AQRS
at discharge was 16.7+£26.7 ms in the CG and 7.4:28.2
ms in the IG, with no significant intergroup difference
(p=0.31) (Supplementary Table 2, Supplementary Figure 1).
However, a statistically significant difference in AQRS was
noted at 1 month. Patients in the CG exhibited a mean
QRS duration increase of 9.3x27.0 ms, whereas those in
the IG showed a mean decrease of 14.2+48.5 ms, resulting
in a mean between-group difference of 23.5 ms (p=0.013)
(Supplementary Table 2, Supplementary Figure 1). A clinically
significant AQRS (>20 ms) was experienced by 11 patients



Table 1. Baseline patient and procedural characteristics.
Total (N=100)

Glucocorticoids: post-TAVI pacemaker prevention

Intervention (n=

Patient characteristics

Sex, female 60 (60) 32 (64) 28 (56) 0.541
Age, years 81.4+5.2 81.9+5.5 815 0.221
Active smoker 5(5) 3 (6) 2(4) 0.856
Hypertension 84 (84) 46 (92) 38 (76) 0.054
Diabetes mellitus 26 (26) 10 (20) 16 (32) 0.254
Dyslipidaemia 66 (66) 34 (68) 32 (64) 0.833
BMI, kg/m? 27.6+5.3 26.6+4.5 28.6+5.9 0.108
CKD 28 (28) 18 (36) 10 (20) 0.118
Acute coronary syndrome 16 (16) 8 (16) 8 (16) 1.000
AF/flutter 31 (31) 16 (32) 15 (30) 1.000
Peripheral artery disease 4(4) 1(2) 3(6) 0.617
Stroke 7(7) 3(6) 4(8) 1.000
Mitral valve prosthesis 4(4) 3(6) 1(2) 0.617
. . 81 (81) 39 (78) 42 (84)
Clinical frailty ) 0.611
High 19 (19) 11 (22) 8 (16)
Beta blockers 40 (40) 19 (38) 21 (42) 0.685
Non-DHP CCB 4(4) 3(6) 1(2) 0.617
Digoxin 2(2) 0(0) 2(4) 1.000
Amiodarone 4 (4) 3(6) 1(2) 1.000
e ...
LBBB 9(9) 5(10) 4(8) 1.000
RBBB 14 (14) 9(18) 5(10) 0.388
1° AVB 21 (21) 10 (20) 11 (22) 1.000
Mean gradient, mmHg 49.7+15.6 50.9+18.2 48.4x12.7 0.738
Maximum gradient, mmHg 79.1+23.6 81.7+£27.3 76.6+19.1 0.519
Membranous septum length, mm 7.8+2.2 8.0+£2.1 7.6+2.3 0.327
Aortic valve annulus area, mm? 421.2+91.9 410.5+72.9 431.8+107.3 0.442
Aortic valve calcium, mm?3 931+1,194 885.52+1,562.1 978.47+627.2 0.021

Procedural characteristics

Implant depth, mm 4.7+1.6
Predilation 74 (74)
Post-dilation 14 (14)
Type of SEV 64 (64)
prosthetic valve ggy 36 (36)

5.0+1.7 4.4+1.4 0.083
36 (72) 38 (76) 0.820
7 (14) 7 (14) 1.000
35 (70) 29 (58)

0.298
15 (30) 21 (42)

Data are presented as mean+SD or n (%). *Fisher’s exact test or the Mann-Whitney U test. AF: atrial fibrillation; AVB: atrioventricular block;
BEV: balloon-expandable valve; BMI: body mass index; CCB: calcium channel blocker; CCS: chronic coronary syndrome; CKD: chronic kidney disease;
DHP: dihydropyridine; ECG: electrocardiography; LBBB: left bundle branch block; RBBB: right bundle branch block; SD: standard deviation;

SEV: self-expanding valve

(27.5%) in the CG, compared with 8 (17.4%) in the IG
(p=0.26) (Supplementary Table 1). A flowchart illustrating
the incidence of key outcomes is presented in Supplementary
Figure 2.

Regarding inflammatory markers, CRP values
unavailable because of laboratory processing errors for
9 patients who survived the procedure: 3 (6.25%) in the CG
and 6 (12.2%) in the IG. This difference was not statistically

were

significant (p=0.30), suggesting no differential missingness
related to treatment allocation. Among patients with
available data, the post-TAVI ACRP differed significantly
between groups. The CG exhibited a mean increase of
1.62+2.44 mg/L, compared with 0.14+0.94 mg/L in the IG
(p<0.001), demonstrating the anti-inflammatory effect of
glucocorticoids (Supplementary Table 3). Additionally, patients
who underwent PPI showed a significantly greater increase
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Figure 1. Incidence of permanent pacemaker implantation
and new-onset left bundle branch block. LBBB: left bundle
branch block; PPI: permanent pacemaker implantation

in CRP levels post-TAVI compared with those who did not
(1.52+1.84 mg/L vs 0.78+2.03 mg/L; p=0.029) (Supplementary
Table 3). Conversely, no significant association was observed
between post-TAVI ACRP and the development of new-onset
LBBB or persistent LBBB at 1 month (Supplementary Table 3).

SAFETY OUTCOMES

A summary of safety outcomes and adverse events is presented
in Table 3. The 1-year mortality rate was 8% (n=8), comprising
4% (n=2) of the CG and 12% (n=6) of the IG. This difference
was not statistically significant (RR 3.27, 95% CI: 0.63-17.07;
p=0.27). Both deaths in the CG occurred during the intervention:
one due to cardiac tamponade and the other from TAVI
embolisation with coronary occlusion. In the IG, one patient
died during hospitalisation because of aortic dissection and
cardiac tamponade, while the remaining five deaths occurred
during follow-up and were deemed unrelated to cardiovascular
causes (e.g., oncological and respiratory disease).

Regarding vascular complications, immediate post-TAVI
complications at the main femoral access site were observed
in 2% (n=1) of patients in the CG and 10% (n=5) of patients
in the IG, with no significant intergroup difference (p=0.20).

LBBB resolution at 1 month

10 among patients with new-onset LBBB

36.8%
807 52.9% (n=1)
(n=9)

40

Percentage (%)

Control Glucocorticoids

Group
Persistent B Resolved

Figure 2. Left bundle branch block resolution rate at one
month. LBBB: left bundle branch block

These complications included common femoral artery
occlusion (1 in the CG and 2 in the IG), common femoral
artery rupture (1 in the IG), and ProGlide (Abbott) failure
(1 in the IG). During hospitalisation, vascular complications
were recorded in 4% (n=2) of the CG and 6% (n=3) of the
IG, with no significant intergroup difference (p=0.76). These
complications included femoral artery pseudoaneurysms (1 in
each group), haematoma with active bleeding requiring urgent
intervention (1 in each group), and aortic dissection (1 in the
IG). There were no significant between-group differences in
Bleeding Academic Research Consortium-classified bleeding
post-TAVI (p=0.24) or at discharge (p=1.00).

Concerning adverse events, one episode of hyperglycaemia
was observed in the IG, which was managed with correctional
rapid-acting insulin. Three cases of HF decompensation
occurred during hospitalisation (1 in the CG and 2 in the 1G),
all of which required an intensification of diuretic therapy.
No patients required uptitration of baseline antihypertensive
or glucose-lowering medication during the glucocorticoid
treatment period. Additionally, three cases of early prosthetic
valve endocarditis were reported: 2 in the CG and 1 in the IG,
which were detected 2 weeks after cessation of glucocorticoids.

Tahle 2. Association of glucocorticoid therapy with the development of cardiac conduction disturbances and rate of PPI following TAVI,

using Poisson models with robust variance.

PPI at one month 8 (16)
PPI at one year 9 (18)
New-onset LBBB 17 (34)
Persistent LBBB at discharge 11 (22)
Persistent LBBB at one month 9(18)
LBBB resolution 8/17 (47.1)
PPl and persistent LBBB at one month 16 (32)
PPl and persistent LBBB at one year 17 (34)

4(8) 0.50 (0.16-1.55) 0.23

6 (12) 0.67 (0.26-1.73) 0.41
19(38) 1.12 (0.66-1.89) 0.66
9(18) 0.82 (0.37-1.80) 0.61

7 (14) 0.78 (0.31-1.93) 0.58
12/19 (63.2) 1.34 (0.73-2.47) 0.50
10 (20) 0.63 (0.32-1.24) 0.17
12 (24) 0.71 (0.38-1.32) 0.28

Data are presented as n (%) or n/N (%), unless indicated otherwise. *Fisher’s exact test. Cl: confidence interval; LBBB: left bundle branch block;
PPI: permanent pacemaker implantation; RR: relative risk; TAVI: transcatheter aortic valve implantation
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Table 3. Comparison of safety outcomes hetween the intervention and control groups.

_ Total (N=100) Control (n=50) Intervention (n=50)

Mortality 8 (8)
zii?nu;a{:\;)lmpllcatlons 6 (6)
atdscnarge 5(5)
None 95 (95)
i BARC 2 2(2)
Bleeding post-TAVI
BARC 3a 1(1)
BARC 3b 2(2)
None 95 (95)
) ) BARC 2 2(2)
Bleeding at discharge
BARC 3a 2(2)
BARC 3b 1(1)
Cardiac tamponade 2(2)
Periprocedural stroke 0(0)
Periprocedural myocardial infarction 0 (0)
Hyperglycaemia 1(1)
Heart failure 3(3)
Endocarditis 33

2 (4) 6 (12) 0.269
1(2) 5(10) 0.204
2 (4) 3(6) 1.000
47 (94) 48 (96)
1(2 1(2
(@ (2 1.000
1(2) 0(0)
1(2) 1(2)
48 (96) 47 (94)
0(0 2
©) @ 0.245
2 (4) 0(0)
0(0) 12
1(2) 1(2) 1.000
0 (0) 0 (0) 1.000
0(0) 0(0) 1.000
0(0) 12 1.000
1(2) 2 (4) 1.000
2 (4) 12 1.000

Data are presented as n (%). *Fisher’s exact test. BARC: Bleeding Academic Research Consortium; TAVI: transcatheter aortic valve implantation

Discussion

This study represents the first PROBE pilot trial to evaluate the
feasibility, safety, and preliminary efficacy of glucocorticoids
in preventing post-TAVI PPI. The main finding is that
glucocorticoid therapy was associated with a 50% relative
reduction in 1-month PPI, suggesting a potential benefit
that warrants further investigation in adequately powered
trials. Moreover, glucocorticoid therapy demonstrated an
acceptable safety profile, with no significant differences in
procedural complications or mortality between groups and
a low incidence of adverse events (n=3).

PRIMARY ENDPOINT
Although the reduction in PPI in the IG did not reach statistical
significance due to the limited sample size inherent in pilot
studies, the observed 50% RR reduction (number needed
to treat=12.5 at 1 month) may still be clinically significant.
Post-TAVI PPI has been associated with long-term morbidity,
pacing-induced cardiomyopathy, HF, and atrial fibrillation
(AF).?! Additionally, decreasing PPI has economic implications,
as patients requiring a PPI incur higher healthcare costs due
to device implantation, extended hospital stays, and long-
term follow-up.?? Al-Ogaili et al* reported a 23% increase
in healthcare costs among TAVI patients who developed
complete AVB, with a median cost difference of $11,885 per
patient. The incidence of 1-month PPI in our study (16% CG
vs 8% IG) is similar to what has been reported in previous
literature. Regueiro et al>®* conducted a systematic review and
meta-analysis of 17 studies, reporting a PPI incidence of 17%
(range: 18-49%) with self-expanding valves (SEV) and 6%
(range: 0-12%) with balloon-expandable valves (BEV).

We evaluated baseline and procedural characteristics
between the IG and CG to ensure the results were not
influenced by confounding factors such as established risk

factors for post-TAVI CCD, including valve type (higher in
SEV vs BEV), baseline RBBB, valve calcification, pre- and
post-balloon dilation, implantation depth or membranous
septum length.>**> In this regard, nitinol-based SEVs
continue to exert radial force for 48-72 hours, producing
more prolonged mechanical stress on the conduction
system and a more robust systemic inflammatory response
compared with BEV,? which may further explain the higher
CCD rates observed with SEV. Whether patients receiving
an SEV could derive greater benefit from anti-inflammatory
strategies remains a speculative hypothesis that requires
prospective evaluation in future trials. The prevalence of SEV
and baseline RBBB were numerically higher in the CG, as
was mean implantation depth, but none reached statistical
significance. Conversely, baseline aortic valve calcification
was significantly greater in the IG, biasing the results against
this group. Therefore, residual confounding by these factors
cannot be excluded.

SECONDARY ENDPOINTS

New-onset LBBB is a clinically relevant complication
associated with increased risks of 1-year all-cause mortality
and HF hospitalisations.?”” Therefore, strategies aimed
at reducing new-onset LBBB have significant prognostic
implications. New-onset LBBB occurred in 34% of the CG
and 38% of the IG, aligning with the upper range of reported
incidences in the literature (range: 9-65% with self-expanding
valves and 4-18% with balloon-expandable valves).?> Despite
the lack of statistically significant difference between groups
in post-TAVI LBBB, we observed a non-significant higher
LBBB resolution rate in the IG (47.06% vs 63.16%). Prior
studies also suggest that many cases of new-onset LBBB
post-TAVI are transient. Urena et al*® analysed 202 patients
treated with BEV and found that 30.2% developed LBBB, but
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85.2% regained normal conduction, with 59% recovering
within 7 days and an additional 26.2% during long-term
follow-up. Spontaneous regression of post-TAVI conduction
disturbances could reflect resolution of acute inflammation.
Glucocorticoids may accelerate this recovery, potentially
shortening the window of conduction vulnerability.

The IG exhibited a significant reduction in 1-month QRS
duration compared with the CG, suggesting a trend towards
the reversibility of CCD. Although QRS duration changes
within each group (CG: +9.3 ms; IG: —14.2 ms) approached
the limits of intermeasurement variability reported in the
literature (+20 ms), the difference between groups (23.5 ms)
exceeded this threshold.? Notably, QRS duration at 1 month
in the IG was shorter than at baseline, a finding that is
unusual following TAVI and could be due to measurement
variability inherent to standard ECG acquisition or the high
heterogeneity in individual responses (large SD of 48.5 ms).

SAFETY OUTCOMES

The use of glucocorticoids in TAVI has been questioned
after a recent meta-analysis noted elevated risks of vascular
complications and life-threatening bleeding, primarily
attributed to femoral access complications due to impaired
wound healing.®® Our data did not substantiate an excess of
events with glucocorticoids; despite higher numerical rates in
the IG, the difference was not significant. Furthermore, we
observed no association with the higher incidence of major
bleeding, annular rupture, or cardiac tamponade reported
by Macedo et al.®® A key distinction was the duration of
glucocorticoid exposure: our patients received an acute 6-day
regimen, whereas those in the study by Macedo et al*® were
treated for a minimum of 30 days. Prolonged corticosteroid
exposure and high-dose regimens are strongly associated with
adverse events.!!

PREVIOUS LITERATURE
Two studies have evaluated the use of glucocorticoids in
TAVI, with conflicting results. Oestreich et al’ conducted
a retrospective analysis of 167 patients, comparing those
pretreated with glucocorticoids with untreated patients; none
of the pretreated patients required PPI versus 30 (19%) in
the untreated group.” Conversely, Havakuk et al'® analysed
324 TAVI cases, 39 of whom received pretreatment (for
contrast allergy or chronic obstructive pulmonary disease),
and found no association between glucocorticoids and
reduced new CCD or PPI. A key difference between the
studies was the duration of glucocorticoid exposure. In
Havakuk et al®® the exposure was limited to the day before
the procedure, whereas in Oestreich et al’ patients received
them for more than 24 hours pre-TAVI. This could account
for the contradictory findings and may explain the wide CI
observed in our pilot study (along with the limited sample
size). Variability in corticosteroid regimens, administration
routes, and corticosteroid type influence their effects.’! While
short-term administration may be insufficient to achieve
anti-inflammatory effects, prolonged use increases the risk of
adverse events.!!

These considerations extend beyond glucocorticoids to
other anti-inflammatory agents. The recent Co-STAR trial®
demonstrated a significant reduction in the composite
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of AF or PPI at 30 days (10% vs 25%; p=0.031), though
it was prematurely terminated due to higher stroke rates
in the colchicine arm, compared with the placebo arm.
The PPI reduction in Co-STAR (8.3% vs 18.3%; p=0.107)
closely mirrors our results (8% vs 16%; p=0.23). Notable
differences include colchicine’s narrower mechanism
(neutrophil inhibition and pyrin domain-containing protein
3 inflammasome) versus the broader immunomodulation of
glucocorticoids, shorter treatment (6 vs 14 days), absence
of stroke events, and less restrictive inclusion criteria in
our trial. Together, these findings support the inflammation
hypothesis underlying post-TAVI CCD and reinforce the need
for adequately powered trials.

Limitations

Despite these insights, our study has several limitations.
As a pilot trial, we did not formally calculate the sample
size."” The low statistical power may have contributed to
the absence of statistically significant differences. Therefore,
the results should be interpreted with caution and regarded
as hypothesis-generating. Moreover, the open-label design
may have introduced bias. Although operators were aware
of treatment allocation, which could have influenced
intraprocedural decisions such as implantation depth or
valve type selection, all key endpoints were adjudicated
by an independent electrophysiologist unaware of the
patients’ treatment group assignment. While most baseline
characteristics were balanced between the groups, some
clinically relevant imbalances were observed which may
have influenced the observed effect estimates. Residual
confounding by these factors cannot be excluded; future,
adequately powered trials should incorporate prespecified
stratification by baseline RBBB and valve type to address
this limitation.

Two discrepancies exist between the conducted trial and
the original ClinicalTrials.gov registration (NCT06076824).
First, the primary endpoint reported in this manuscript differs
from the composite endpoint specified in the registration.
Second, the original protocol included a placebo comparator;
however, the ethics committee determined that a placebo was
unnecessary given the PROBE design. Neither deviation was
formally registered as a protocol amendment, which represents
a methodological limitation that should be considered when
interpreting the findings.

Additional limitations include the absence of a formal
multimember data safety monitoring board with prespecified
stopping rules, as safety monitoring was performed by
a single independent investigator through
periodic review of adverse events. In addition, inflammatory
biomarker data were unavailable for 9 patients because of
laboratory processing errors, although missingness did not
differ significantly between groups. The association between
elevated post-TAVI CRP and PPI represents an unadjusted
post hoc analysis and warrants cautious interpretation.
Lastly, the glucocorticoid regimen used in this study limits
generalisability to other dosing strategies. Our findings may
also not apply to populations with different risk profiles (e.g.,
frailer or lower risk). The optimal dose, duration, and type of
glucocorticoid therapy for preventing PPI in this population
have yet to be determined. To address these limitations,

structured



a multicentre, double-blinded, randomised controlled trial is
being designed.

Conclusions

In conclusion, a numerical reduction in PPI at 1 month
(RR 0.50) was observed in patients receiving glucocorticoid
therapy, with an acceptable safety profile. This difference
did not reach statistical significance, and the limited sample
size inherent to pilot studies precludes definitive conclusions.
Larger studies are required to confirm these exploratory
findings and determine the optimal dosing and duration of
glucocorticoids in this setting before any changes to clinical
practice can be recommended. In an era moving quickly
towards TAVI in low-risk patients, finding new strategies to
avoid PPI is more important than ever.
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BACKGROUND: Although withdrawn from the market, the specific design of the ACURATE #neo2 valve might
influence the design of future transcatheter aortic valve platforms.

AIMS: We aimed to evaluate the safety and efficacy of transcatheter aortic valve implantation (TAVI) using the
ACURATE #neo2 valve compared with the Evolut platform in selected anatomies.

METHODS: In this investigator-initiated, 2x2 factorial, open-label, randomised, multicentre, non-inferiority trial,
patients with symptomatic, severe aortic stenosis were randomised to the ACURATE #neo2 or an Evolut PRO/
PRO+/FX valve. The primary endpoint was a composite of all-cause mortality, stroke, moderate/severe prosthetic
valve regurgitation, and permanent pacemaker implantation at 30 days. Non-inferiority of the ACURATE #neo2 to
an Evolut valve was tested in the intention-to-treat population (absolute non-inferiority margin of -6%, a of 0.05).

RESULTS: At 10 sites in Germany, 835 patients were randomised. Within 30 days, the primary endpoint occurred in
60/389 patients (15.4%) in the ACURATE #neo02 group and in 120/395 patients (30.4%) in the Evolut group (rate
difference 15.0%, lower boundary of the 1-sided 95% confidence interval [CI]: 10.1%; p for non-inferiority<0.001,
2-sided 95% CI: 9.1-20.7; p for difference<0.001). A permanent pacemaker was implanted in 42/374 patients
(11.2%) in the ACURATE #neo2 group and in 101/381 patients (26.5%) in the Evolut group (p for difference
<0.001). Rates of moderate/severe prosthetic valve regurgitation were low for both valves (1.3% vs 1.7%; p for
difference=0.6).
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CONCLUSIONS: In selected anatomies, TAVI with the ACURATE #eo2 was non-inferior to TAVI with an Evolut
valve, with significantly lower rates of the primary endpoint, driven by lower permanent pacemaker implantation
at 30 days.

KEYWORDS: aortic stenosis; transcatheter aortic valve implantation; transcatheter aortic valve replacement; transcatheter heart valve
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hile head-to-head transcatheter heart valve (THV)

; R / trials in patients undergoing transcatheter aortic

valve implantation (TAVI) have been steadily

increasing over time, randomised comparisons of current-

generation self-expanding devices in well-defined anatomical
subsets remain scarce.!”

The ACURATE #neo2 (Boston Scientific) is a supra-annular,
self-expanding THV consisting of a nitinol stent frame,
porcine pericardial tissue leaflets, and inner and outer
pericardial sealing skirts. Observational studies showed
promising data with respect to its haemodynamic valve
performance and clinical outcome.®!! In the recent ACURATE
IDE trial, the ACURATE neo2 THV did not meet non-
inferiority with respect to the primary composite endpoint
of all-cause mortality, stroke, and rehospitalisation at 1 year
compared with the balloon-expandable SAPIEN 3 (Edwards
Lifesciences) or the self-expanding Evolut (Medtronic) valve
in the United States.!> These findings eventually resulted
in discontinuation of the ACURATE platform on 28 May
2025. How much anatomical patient selection and operator
experience affect valve-related outcomes, particularly for the
ACURATE #neo2 valve, is an issue of continued discussion.

The valve comparison arm of the DOUBLE-CHOICE
trial tested the hypothesis that the ACURATE neo2 THYV is
non-inferior to the Evolut PRO/PRO+/FX THV with respect
to the primary composite endpoint of all-cause mortality,
stroke, moderate or severe prosthetic valve regurgitation,
and permanent pacemaker implantation at 30 days, in an
anatomically selected patient population. Although the
ACURATE neo2 programme was stopped, shortly after
completion of patient recruitment, the present trial provides
valuable insights into the strengths and weaknesses of this
specific platform which might influence future valve designs.

‘ Editorial, see page 517

Methods

STUDY DESIGN AND PARTICIPANTS

The randomised study comparing both latest-generation self-
expanding valves and a minimalist approach versus standard
of care in transcatheter aortic valve implantation - DOUBLE-
CHOICE - is an investigator-initiated, 2x2 factorial, open-label,
randomised, multicentre trial conducted at 10 sites in Germany.
Results of the concurrent trials of the valve comparison and
a minimalist approach versus standard treatment strategy are
reported separately.! Detailed information regarding the study
organisation, participating sites and investigators is listed in
Supplementary Appendix 1 and Supplementary Appendix 2. The
trial is in line with the Declaration of Helsinki and Good
Clinical Practice guidelines. The national regulatory authorities
and ethics committees of all participating sites approved the
trial. Written informed consent was provided by all patients
prior to trial inclusion. DOUBLE-CHOICE is coordinated
by the Heart Center Leipzig at Leipzig University, together

Impact on daily practice

Randomised comparisons of current-generation self-
expanding transcatheter heart valves in well-defined
anatomical subsets remain scarce. In this randomised trial
including 835 patients undergoing transcatheter aortic
valve implantation, the primary composite endpoint of all-
cause mortality, stroke, moderate/severe prosthetic valve
regurgitation, and permanent pacemaker implantation
at 30 days occurred in 15.4% of patients receiving the
ACURATE neo2 and in 30.4% of patients receiving an
Evolut valve (p for non-inferiority<0.001). Outcome
data at 1 year and beyond will further define the safety
and efficacy of this specific valve design in patients with
well-selected anatomical characteristics. The design of
the ACURATE neo2 valve, potentially resulting in lower
rates of permanent pacemaker implantation, may influence
future transcatheter heart valve development.

with the Helios Health Institute and Leipzig Heart Science
- all located in Leipzig, Germany. The study organisation
included a steering committee, an independent data and safety
monitoring board, and a clinical event committee adjudicating
all major clinical events. For surveillance of the investigating
centres, onsite monitoring was performed for 10% of the data.
Data entry was regularly reviewed for missing and implausible
data by the central data management team. The protocol was
developed by the principal investigators and modified by the
steering committee. The first and final versions of the study
protocol are provided as Supplementary data. Recruitment
was temporarily stopped on 7 April 2022 by regulatory
agencies because of concerns regarding the medicolegal basis
of the anaesthesia comparison arm of the trial; this resulted in
subsequent adaptations of the study protocol. The adaptations
did not affect the THV comparison arm of the trial. A total of
83 patients were randomised at the Heart Center Leipzig prior
to pausing trial recruitment and protocol adaptation. Analysis
of these patients was restricted to the THV comparison.
The trial is registered at ClinicalTrials.gov: NCT05036018.
The first author (H.]J. Feistritzer), the trial statistician (S.
Hohenstein), the trial coordinator (N. Hoesler) and the two
last authors (H. Thiele and M. Abdel-Wahab) had full access
to all study data, and all authors had final responsibility for
the decision to submit for publication. Trial data will only be
made available to others on reasonable request with approval
from the sponsor and principal investigators, and access can be
requested from the corresponding author of this manuscript.
Patients were eligible for trial inclusion if all of the
following criteria were fulfilled: severe, symptomatic aortic
valve stenosis (aortic valve area <1.0 cm? or 0.6 cm?/m?) with
an indication for TAVI according to Heart Team consensus;
perimeter-derived native aortic valve annulus diameter
measuring 21-27 mm; local Heart Team consensus that the

Abbreviations
Kcca Kansas City Cardiomyopathy Questionnaire
TAVI  transcatheter aortic valve implantation

THV  transcatheter heart valve
VARC Valve Academic Research Consortium
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patient’s anatomy was equivalently suitable for both THV
types based on computed tomography (CT) criteria; and
suitability for transfemoral vascular access. Consequently,
included patients reflect an anatomically well-selected TAVI
population. Major exclusion criteria were the presence of
a bicuspid aortic valve and clear patient-specific clinical or
anatomical reasons to prefer one treatment strategy or THV
type over the other. The complete inclusion and exclusion
criteria are provided in Supplementary Appendix 3.

Patients were randomised to one of four treatment groups
in a 1:1:1:1 ratio: ACURATE #eo02 and minimalist approach,
ACURATE #neo02 and standard of care, Evolut PRO/PRO+/
FX and minimalist approach, or Evolut PRO/PRO+/FX
and standard of care. Permuted block randomisation with
stratification for the centre with variable block size was
performed. Randomisation was conducted at the participating
centre by means of a digital randomisation electronic system.
Selection of the Evolut PRO, PRO+, or FX device was left
to the discretion of the operator and primarily depended on
local availability during the study period.

STUDY PROCEDURES

The preprocedural workup
echocardiography and contrast-enhanced CT scan of the
heart, entire aorta, and iliac arteries in all patients. CT
analyses were performed locally on site. According to
treatment allocation within the 2x2 factorial trial, the TAVI
procedure followed either a minimalist approach or standard
of care. Procedural aspects of the minimalist approach and
the standard-of-care strategy are reported in Supplementary
Appendix 4. Technical aspects of the transfemoral TAVI
procedure were in line with accepted standards and device-
specific recommendations. According to the manufacturer’s
instructions, balloon predilation was mandatory for the
ACURATE #neo2. Predilation in the control group and
postdilation in both groups were left to the operator’s
discretion. Invasive haemodynamic measurements and an
aortography were recommended after valve deployment.
Use of vascular closure devices was recommended according
to current standards. Transthoracic echocardiography was
performed before discharge for the assessment of valve
function in accordance with the Valve Academic Research
Consortium (VARC)-3 recommendations. Details regarding
the procedure, as well as the pre- and postprocedural
workups, are reported in Supplementary Appendix 5.

included a transthoracic

PRIMARY AND SECONDARY ENDPOINTS

The primary endpoint was a composite of all-cause mortality,
stroke, moderate or severe prosthetic valve regurgitation, and
permanent pacemaker implantation at 30-day follow-up. The
follow-up periods started following randomisation at day 1
after TAVI. Patients were scheduled for an outpatient visit
including transthoracic echocardiography after 30 days. In case
of inability or unwillingness to participate in the outpatient
visit, follow-up was performed by telephone interview using
a standardised questionnaire; this involved contacting the
patient, the relatives, and/or the treating physician. Stroke
encompassed all strokes (disabling and non-disabling)
irrespective of severity. Prosthetic valve regurgitation was
assessed centrally at the echo core laboratory of the Heart

The DOUBLE-CHOICE trial

Center Leipzig, Leipzig, Germany. Grading was performed
using a multiparametric approach according to the VARC-3
recommendations.'* Echocardiographic images acquired at
30-day follow-up were used to analyse the echocardiography-
based components of the primary and secondary endpoints.
In case echocardiography was missing at 30-day follow-up,
images acquired prior to hospital discharge were used.
Secondary endpoints included the individual components of
the combined primary endpoint, cardiovascular mortality,
valve-related mortality, technical success, device success,
early safety, and clinical efficacy - all defined according to
the VARC-3 criteria. All endpoints were assessed at 30 days
except for technical success, which was assessed at the end
of the procedure. Further endpoints were the mean length
of the primary hospital stay, device time, total procedure
time, as well as quality of life according to EuroQol’s EQ-5D
questionnaire and patient-reported health status according
to the Kansas City Cardiomyopathy Questionnaire (KCCQ)
overall summary score at 30 days. A detailed description of
all endpoints is provided in Supplementary Appendix 6 and
Supplementary Appendix 7.

STATISTICAL ANALYSIS

A sample size of 836 patients was calculated to provide 90%
power to demonstrate non-inferiority of the ACURATE neo2
device compared with an Evolut platform for the primary
endpoint at 30 days. Sample size calculation was based on
an expected event rate of 25% in the ACURATE neo2 group
and 28% in the Evolut group, a 2-sample proportion test for
non-inferiority with an absolute non-inferiority margin of
-6%, an a level of 0.05, and a dropout rate for the primary
study endpoint of 1%. Prior studies on which the sample
size calculation was based are described in detail in the
statistical analysis plan provided in the Supplementary data.
For the comparisons of THV types and treatment strategies,
independent sample size calculations with an a level of 0.05
were defined, without adjustment for multiple testing. The
final sample size was defined by the larger of the two in order
to be powered to detect the main effect of each intervention.

Depending on the distribution, metric variables are
expressed as mean and standard deviation or median and
interquartile range (IQR) and were analysed using Hodges-
Lehman 95% confidence intervals (CI) and the Wilcoxon
rank-sum test. Dichotomous variables are expressed as total
count and percentage and were analysed using the Farrington-
Manning test for 95% CI. For the primary endpoint, a non-
inferiority analysis was used to compare the event rates in
both arms. If the difference between the proportions was
not greater than the margin (based on a 1-sided type I error
rate of 0.05), non-inferiority was concluded. The p-values
of two-sided tests of differences were additionally reported
in analogy to the 95% CI. All other secondary outcomes
were analysed with 95% CI and 2-sided tests of differences.
Event times for dichotomous endpoints were plotted as
Kaplan-Meier curves and compared using Cox regression to
calculate hazard ratios with 95% CI.

The primary and secondary endpoints were analysed according
to the intention-to-treat principle. In addition, sensitivity analyses
were performed in the per-protocol population (patients who
did not crossover) and the as-treated population (all patients
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with their actual treatment), restricted to the primary combined
endpoint and its individual components.

Prespecified subgroup analyses were performed for the
primary combined endpoint with respect to the variables
listed in Supplementary Appendix 8. Two-factor interactions
of event rates between the subgroup and study versus the
control group were explored by logistic regressions and
type III likelihood-ratio tests. All statistical analyses were
performed using R software, version 4.4.3 (R Foundation
for Statistical Computing). The first and final versions of the
statistical analysis plan are provided as Supplementary data.

Results
PATIENTS AND BASELINE CHARACTERISTICS
Between 30 August 2021 and 14 January 2025, 835 patients
at 10 sites were randomly assigned to the ACURATE
neo2 group (n=413) or the Evolut group (n=422) (Central
illustration). There was one screening failure, in which
a patient was accidentally registered. In total, 10 patients
did not undergo TAVI; the reasons are reported in Figure 1.
From 413 patients randomly assigned to the ACURATE neo2
group, 399 patients ultimately received the allocated device.
From the 422 patients assigned to Evolut, 405 patients
received an Evolut PRO/PRO+/FX valve.

Baseline characteristics were well balanced between both
groups (Table 1, Supplementary Table 1). The median age was

83 years (IQR 79-86), and 482 out of 833 patients (58 %) were
female. The median Society of Thoracic Surgeons risk score
was 4.5% (IQR 2.8-7.8). On admission, 500 of 833 patients
(60%) were in New York Heart Association Functional Class
III or IV. The aortic valve area was 0.8+0.2 cm?, and the mean
aortic gradient was 39.4+11.7 mmHg. On CT, the median
effective perimeter-derived annular diameter was 23.7 mm
(IQR 22.5-25.0) (Table 1). Severe calcification of the leaflets
was present in 369 (56.1%) of 658 patients. Severe left
ventricular outflow tract calcification was prevalent in only
25 (3.8%) of 651 patients.

PROCEDURAL CHARACTERISTICS

Procedural characteristics including sizes of the implanted
THV are reported in Table 2 and in Supplementary Table 2.
Predilation was performed in 388 (94.9%) of 409 patients
in the ACURATE #neo2 group and in 257 (61.9%) of
415 patients in the Evolut group. Postdilation was performed
in 123 (30.1%) of 409 patients in the ACURATE #ne02 group
and in 121 (29.2%) of 415 patients in the Evolut group.
Cerebral embolic protection devices were used in 28 (3.4%) of
825 patients, with no difference between groups. The amount of
contrast agent administered during the procedure (90 mL [IQR
72-113] vs 102 ml [IQR 83-130], median difference 13 mL
[95% CI: 9-17]; p for difference<0.001) and fluoroscopy time
(12 min [IQR 9-16] vs 13 min [IQR 10-18], median difference

Eurolntervention Central lllustration

DOUBLE-CHOICE trial valve comparison arm: study design and 30-day outcomes.
Symptomatic aortic stenosis with an indication for TAVI
ACURATE neo2 THV Evolut PRO/PRO+/FX THV
3 10O )
pY 141 WA
Valve strategy R
ACURATE Evolut Rate difference -value for -value for
nec2 PRO/PRO+/FX 5 prate o, B
(n=413) (n=422) (95% ClI) non-inferiority difference
Z:d”;irif]tcompos'te 60/389 (154)  120/395 (30.4) 15.0% (9.110207)  <0.001 <0.001
All-cause mortality 8/407 (2.0) 11/413 (2.7)  0.7% (-1.5t0 3.0) 0.5
Stroke 9/370 (2.4) 11/371 (3.0) 0.5% (-2.0t0 3.1) 0.7
vogerate or severe 5400 (1.3)  7412(17)  0.4%(-1.41024) 06
PPM implantation 42/374 (11.2)  101/381 (26.5) 15.3% (9.8 to 20.8) <0.001
Hans-Josef Feistritzer et al. ® Eurolntervention 2026;22:555-565 ¢ DOI: 10.4244/E1J-D-26-00001
Data are n/N (%). CI: confidence interval; PPM: permanent pacemaker; PVR: prosthetic valve regurgitation;
TAVI: transcatheter aortic valve implantation; THV: transcatheter heart valve

Eurolntervention 2026;22:555-565  Hans-Josef Feistritzer et al.



The DOUBLE-CHOICE trial

Patients eligible for TAVI and randomised

n=835
|
Randomised to Randomised to
ACURATE neo2 Evolut PRO/PRO+/FX
n=413 (49.5%) n=422 (50.5%)
4 did not undergo TAVI 6 did not undergo TAVI

— 3 deaths prior to TAVI
— 1 medical treatment only

A 4

v
409 underwent TAVI

© 399 received ACURATE nec?
3 crossed over to Evolut PRO/PRO-+/FX

— 1 death prior to TAVI
— 2 medical treatment only
— 3 withdrew informed consent

A 4

v
416 underwent TAVI

© 405 received Evolut PRO/PRO-+/FX
e 2 crossed over to ACURATE ned?

7 received other valves 9 received other valves

Figure 1. Study flowchart. TAVI: transcatheter aortic valve implantation

Table 1. Major baseline characteristics.

Age, years 83 (80-86)
Sex
Female 237/413 (57.4)

Male 176/413 (42.6)
Body mass index, kg/m? 26.5(23.9-30.1)
Risk scores, %

STS 4.4 (2.8-7.2)

EuroSCORE I 3.1(2.0-4.7)

ACURATE neo2 (n=413) Evolut PRO/PRO+/FX (n=422)

83 (79-86)

245/420 (58.3)
175/420 (41.7)
27.1(24.0-30.7)

4.5 (2.7-8.2)
2.9 (1.8-5.0)

Baseline electrocardiographic findings
Left bundle branch block

Right bundle branch block

Bifascicular block

First-degree atrioventricular block

31/404 (7.7)
48/404 (11.9)
4/404 (1.0)
51/404 (12.6)

30/412 (7.3)
32/411 (7.8)
5/412 (1.2)
40/412 (9.7)

Baseline echocardiographic findings

Aortic valve area, cm? 0.8+0.3
Mean aortic valve gradient, mmHg 38.8+11.7
Stroke volume index, mL/m? 37.3+x10.5
Left ventricular ejection fraction, % 57+9

0.7+0.2
40.0+11.7
37.1+11.4
57+10

CT parameters
Annulus

Minimal diameter, mm 21 (19-22)
Maximal diameter, mm 27 (25-28)
Perimeter, mm 74 (71-78)

424 (379-467)
23.8 (22.6-25.0)

Area, mm?
Effective perimeter-derived diameter, mm
Aortic cusp calcification

None 0/324 (0)

Mild 17/324 (5.2)

Moderate 130/324 (40.1)

Severe 177/324 (54.6)
LVOT calcification

None 196/320 (61.3)

Mild 70/320 (21.9)
Moderate 42/320 (13.1)
Severe 12/320 (3.8)

20 (19-22)
26 (25-28)
74 (71-78)
418 (375-463)
23.6 (22.4-25.0)

6/334 (1.8)
22/334 (6.6)
114/334 (34.1)
192/334 (57.5)

202/331 (61.0)
67/331 (20.2)
49/331 (14.8)
13/331 (3.9)

Data are n/N (%), mean+SD, or median (IQR). CT: computed tomography; EuroSCORE: European System for Cardiac Operative Risk Evaluation;
IQR: interquartile range; LVOT: left ventricular outflow tract; SD: standard deviation; STS: Society of Thoracic Surgeons
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Table 2. Major procedural characteristics.

Evolut PRO/PRO+/FX

Rate difference

Median difference | p-value for
(CLYZH)) difference

(n=413) (n=422) (95% CI)
Valve type
399/409 2/416 -97.1%
ACURATE neo2 (97.6) (0.5) (-98.3 10 -94.9) <0.001
0/409 37/416 8.9%
Evolut PRO ) 8.9) (6.5 10 12.0) SO
3/409 241/416 57.2%
Evolut PRO+ 0.7) (57.9) (52310 61.9) <0.001
0/409 127/416 30.5%
Evolut FX ) (30.5) (26.3 to 35.1) SO
71409 9/416 0.5%
Other (1.7) 2.2) (1.6 t02.6) o
. . 210/362 256/377 9.9%
Commissural alignment attempted (58.0) (67.9) (2.9 to 16.8) 0.005
- 388/409 257/415 -32.9%
Predilation (94.9) 61.9) (-38.1 10 -27.8) il
Maximum balloon size for 22 22 0 0.2
predilation, mm (20-23) (20-22) (0to 0) :
Maximum balloon size for
o . ; 0.90 0.89 -0.01
gre_dllatlon/effectlye perlmete_r— (0.87-0.93) (0.85-0.93) (-0.02 t0 0.00) 0.007
erived annulus diameter ratio
_— 123/409 121/415 -0.9%
Postdilation (30.1) (29.2) (-7.1105.3) 0.8
Maximum balloon size for 23 23 0 0.6
postdilation, mm (22-24) (22-24) (-1to 0) ’
Maximum balloon size for
o ; . 0.97 0.97 0.01
postdilation/effective perimeter- (0.95.0.99) (0.95-1.00) (0.00 t0 0.02) 0.074

derived annulus diameter ratio

Data are n/N (%) or median (IQR). Cl: confidence interval; IQR: interquartile range

1.0 min [95% CI: 0.0-2.0]; p for difference=0.022) were both
lower in the ACURATE #neo2 group than in the Evolut group.

PRIMARY AND SECONDARY ENDPOINTS

At 30 days, the primary endpoint occurred in 60 (15.4%)
of 389 patients in the ACURATE neo2 group and in 120
(30.4%) of 395 patients in the Evolut group (rate difference
15.0%, lower boundary of the 1-sided 95% CI: 10.1%; p
for non-inferiority<0.001, 2-sided 95% CI: 9.1-20.7; p for
difference<0.001) (Figure 2, Table 3). Rates of permanent
pacemaker implantation were significantly lower in the
ACURATE #neo2 group (42 [11.2%] of 374 patients) than
in the Evolut group (101 [26.5%] of 381 patients; rate
difference 15.3%, 95% CI: 9.8-20.8; p for difference<0.001).
Kaplan-Meier curves of event-free survival for the combined
primary endpoint are shown in Figure 2A.

Secondary endpoints are reported in Table 3. Early safety
was reached in 277 (72.5%) of 382 patients in the ACURATE
neo2 group and in 244 (63.0%) of 387 patients in the Evolut
group (rate difference —9.5%, 95% CI: -16.0 to -2.9; p for
difference=0.005). This difference was primarily driven by the
rate of permanent pacemaker implantation. The predominant
indication for permanent pacemaker implantation was persistent
high-degree atrioventricular block (104 [73.2%] of 142 patients).
At 30 days, the KCCQ-12 overall summary score was 62.8
(IQR 47.1-79.7) in the ACURATE #neo2 group and 66.1 (IQR
46.3-81.8) in the Evolut group. Quality of life according to the

Eurolntervention 2026;22:555-565  Hans-Josef Feistritzer et al.

EQ-5D questionnaire is reported in Supplementary Figure 1.
Subgroup analyses showed consistent results with respect to
the primary endpoint and device success across all predefined
subgroups (Figure 3, Supplementary Figure 2). Outcomes in
the predefined per-protocol and as-treated population were
similar to the results in the intention-to-treat population with
respect to the combined primary endpoint and its components
(Supplementary Table 3, Supplementary Table 4).

ECHOCARDIOGRAPHIC DATA

Core laboratory-based assessment of aortic regurgitation was
available in 812 (97.2%) of 835 patients. Rates of moderate
or severe prosthetic valve regurgitation were similar for the
ACURATE #neo2 (5 [1.3%] of 400 patients) and Evolut
(7 [1.7%] of 412 patients) valves (rate difference 0.4%, 95%
CI: —1.4 to 2.4; p for difference=0.6) (Supplementary Figure 3).
The mean aortic valve gradient at 30 days was 8.1+3.4 mmHg
in the ACURATE neo2 group and 7.2+3.1 mmHg in the Evolut
group (median difference -1.0 mmHg, 95% CI: 1.0 to 0.0; p
for difference<0.001). The effective orifice area was 1.8+0.4
cm? for the ACURATE #eo02 valve and 2.0£0.4 cm? for the
Evolut valve (median difference 0.1 cm?, 95% CI: 0.1-0.2;
p for difference<0.001).

Discussion
In this randomised, multicentre trial of patients with severe,
symptomatic aortic stenosis undergoing transfemoral TAVI



A Primary endpoint
1 _%
2 0.75 -
_g' 0.50
8 025
Evolut PRO/PRO+/FX P for non-inferiority<0.001
— ACURATE neo2 HR 0.47,95% Cl: 0.34 to 0.64
0 T T T T T 1

0 5 10 15 20 25 30

. Tlme since TAVI (days)
No. at risk (censored)

405(1) 348(16) 331(9) 326(2) 324(2) 324(0) 0(323)
B 30.4%
30 4
26.5%
g 20 H
s 15.4%
g 11.2%
a 104
20% 21% 24%30% o 479,
0 T T T T T
Primary All-cause Stroke Moderate or Permanent
endpoint mortality severe pacemaker

prosthetic valve implantation
regurgitation

ACURATE neo2 Evolut PRO/PRO+/FX
Figure 2. Outcomes at 30 days. A) Kaplan-Meier curves of
event-free survival with respect to the primary endpoint. All
patients were included except those who died at day 0 (day
of the TAVI procedure) or were censored at day 0. Shaded
areas reflect 95% confidence intervals. B) Primary endpoint
and components of the primary endpoint. CI: confidence
interval; HR: hazard ratio; TAVI: transcatheter aortic valve

implantation

with a self-expanding THV, the ACURATE #neo2 valve was
non-inferior to the Evolut PRO/PRO+/FX devices with respect
to the combined primary endpoint of all-cause mortality,
stroke, moderate or severe prosthetic valve regurgitation, and
permanent pacemaker implantation at 30 days. Occurrence
of the primary endpoint was significantly less frequent in
the ACURATE #neo02 group when using a 2-sided test. This
difference was driven by lower rates of permanent pacemaker
implantation.

The primary endpoint used in the present trial is a “focused”
combined safety endpoint, modified from the VARC-3
criteria." The rationale was to exclude components that
have not been shown to be different among devices (mainly
bleeding and vascular complications). On the other hand,
device performance metrics like prosthetic valve regurgitation
and permanent pacemaker implantation rates were included.

Prior trials using an older version of the self-expanding
ACURATE platform showed higher rates of moderate or

The DOUBLE-CHOICE trial

severe prosthetic valve regurgitation compared with its
competitors.>® This device-related drawback might have
been caused by inferior sealing characteristics of the earlier-
generation valve and, potentially, the liberal anatomical
inclusion criteria. One of the main objectives of the present
trial was to assess the performance of the latest-generation
ACURATE #neo2 valve, which provides improved sealing and
more precise deployment characteristics, particularly when
implanted in an anatomically well-selected patient cohort. The
inclusion of patients with severe eccentric leaflet calcification
was generally avoided, 44% of patients had non-severe leaflet
calcification, and 82% had no or mild annular calcification in
the current trial. Accordingly, the observed rates of moderate
or severe prosthetic valve regurgitation were very low, both
in the ACURATE #neo2 group and Evolut group. The higher
rates of moderate or severe prosthetic valve regurgitation
observed in the recently published ACURATE IDE trial
(3.4% in the ACURATE #neo2 group) might have been caused
by anatomical characteristics, as well as rather modest rates
of postdilation.!? In a German registry, the rate of moderate
or severe prosthetic valve regurgitation was 0.7% for the
ACURATE #neo02 valve at discharge,'> and postdilation was
performed in 41.1% of patients. The FORWARD PRO
registry (which used the Evolut PRO valve, with postdilation
performed in 31.1% of patients) reported similar rates
of moderate or severe prosthetic valve regurgitation at
discharge compared with the present trial.!* Furthermore,
the use of newer-generation Evolut devices, compared with
their predecessors, has been associated with a reduction of
paravalvular leaks.!”

In the present trial, the difference in the primary endpoint
was driven by the rate of permanent pacemaker implantation.
In the ACURATE #neo2 group, the pacemaker rate was in line
with the recently published ACURATE IDE trial, but higher
compared with observational studies.®!*'? In the Evolut
group, the pacemaker rate was notably high. Due to the
sizing profile of the ACURATE #neo2 valve, aortic annular
dimensions in the DOUBLE-CHOICE trial were relatively
small, reflecting the high proportion of female patients in our
study. However, in SMART, a trial whose population was
predominantly female, had a mean age of 80 years, and small
annuli, the pacemaker rate was approximately 15% lower.'s
The high pacemaker rate in the DOUBLE-CHOICE trial
might be partly explained by the overall advanced age of the
patient population (median age 83 years), a slightly higher
rate of pre-existing right bundle branch block compared with
SMART (7.8% vs 5.9%), and the overall high pacemaker
implantation rates observed in the German population.>¥
Importantly, the implantation technique of the Evolut
platform, which is known to impact pacemaker rates, was
commonly in line with the manufacturer’s recommendations.
For instance, commissural alignment using the cusp-overlap
view was attempted in 67.9% of patients receiving an
Evolut valve. Overall, though, the present trial confirms
previously reported differences in pacemaker rates among
self-expanding platforms with diverging design characteristics
and implantation modes, which is an important consideration
for future device development and evolution.

The ACURATE IDE trial failed to demonstrate non-
inferiority of the ACURATE neo2 valve compared to its
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Table 3. Outcomes at 30 days.

ACURATE ne2 | EVOIUtPRO/
(n=413) iy
(n=422)
. . 60/389 120/395
Primary endpoint (15.4) (30.4)
. 8/407 11/413
All-cause mortality (2.0) 2.7)
) . 5/406 8/413
Cardiovascular mortality (1.2) (1.9)
. 1/406 0/413
Valve-related mortality (0.2) )
9/370 11/371
Stroke (2.4) (3.0)
Moderate or severe 5/400 71412
prosthetic valve regurgitation (1.3) (1.7)
Permanent pacemaker 42/374 101/381
implantation (11.2) (26.5)
) 392/408 396/416
$
Technical success (96.1) (95.2)
Device success® 309/370 319/374
(83.5) (85.3)
277/382 244/387
2l (72.5) (63.0)
- . 312/342 307/351
Clinical efficacy 91.2) (87.5)
Aym, O n 45 46
Device time, min (37-57) (38-57)
) ) 50 51
Total procedure time, min (41-65) (42-65)
Length of primary hospital 6 6
stay, days (4-7) (4-9)

e | dince | s | e o
(95% CI)
(9.11?605%.7) <0.001* <0.001
(—1.%15/03.0) 05
(—1.2O£c7> 2.7) 0.4
(—1?&%.7) 0.3
(—2.% ey 1) 0.7
(—1.91'?;/02.4) 0.6
(9.§ ?63;%.8) <0.001
(—3T§ 't?:/;.O) 0.5
<—3.15'?g/°7.0) 05
(—16._59 'tiO/fz.g) 0.005
(—8.?%%%.9) 0.11
(-2 Ct)o 3) 0.6
(-2 %o 3) 0.5
© o 0) 05

Data are n/N (%) or median (IQR). *Only patients who received a TAVI prosthesis were included in the analysis. Cl: confidence interval; IQR: interquartile

range; TAVI: transcatheter aortic valve implantation

competitors at 1 year.!? This trial and the resulting imposed
requirements by the European Notified Body eventually
resulted in a worldwide discontinuation of the ACURATE
valve programme. Therefore, and despite the differences in
trial location, design, as well as primary endpoint definition
and timing, the outcomes of the DOUBLE-CHOICE and
ACURATE IDE trials deserve further discussion. In ACURATE
IDE, cardiovascular deaths, strokes, and spontaneous
myocardial infarctions were more frequent in the ACURATE
neo2 group. In a separate analysis of this trial, underexpansion
of the ACURATE #neo2 valve was suggested as a possible
contributor to these inferior clinical outcomes.?’ Although
these differences were not seen at 30 days and became evident
only at 1 year, early outcomes of prognostic significance, such
as device success, more than mild paravalvular regurgitation,
and the need for cardiopulmonary bypass, were all
significantly higher in the ACURATE #eo2 group at 30 days.
On the contrary, these short-term differences were not
observed in DOUBLE-CHOICE and may favourably affect
device performance in the long term, which will be addressed
in future analyses. Furthermore, patient selection for trial
inclusion might have been more stringent in the DOUBLE-
CHOICE trial. To be eligible for DOUBLE-CHOICE, the
patients’ anatomy had to be equivalently suitable for both
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THV types by local Heart Team consensus, an inclusion
criterion that has not frequently been defined in previous
head-to-head device trials in the TAVI field. With the device
having been approved and widely implanted in Europe for
several years, operators and centres had possibly aggregated
a more insightful understanding of the device’s strengths and
weaknesses in different anatomical subsets. In particular, the
ACURATE neo2 valve has a low opening force, frequently
requires pre- and postdilation with adequately sized balloons,
and is less suited for extremely calcified valves or those with
uneven distribution of calcification.?® Although, in the present
trial, rates of postdilation were only moderate, higher rates
might be required in more calcified anatomies. The high
device success rates and the low incidence of more than mild
paravalvular leakage in DOUBLE-CHOICE underscore the
platform’s favourable performance in the selected patient
cohort, which might be reflected in longer-term outcomes as
well.

Limitations

The trial was designed to test whether the ACURATE
neo2 valve is non-inferior to an Evolut valve at 30 days
with respect to its primary endpoint. Therefore, long-term
data on haemodynamic performance and clinical outcome



Subgroup

Sex

Male ——
Female H —il—

Age :
<80years :
>80 years : —
Coronary artery disease i
No § ——

Yes : —

Frailty
None/mild i ——
Moderate/severe
Chronic renal insufficiency :
No ——
Yes : —i—
Left ventricular ejection fraction
<40% :

>40% : —

Body mass index :
<25 kg/m?
25-30 kg/m?
>30 kg/m?

STS score H
<8% ——
>8% : ——
EuroSCORE II :
<8% ——
>8%

Aortic stenosis

Normal flow, high gradient —i—
Low flow, low gradient : — -
Treatment strategy
Standard of care : ——

Minimalist approach : —a—
T
6% 0

Evolut PRO/PRO-+/FX better

ACURATE neo? better

The DOUBLE-CHOICE trial

EVolutPRO/PRO+/FX  ACURATE e Rate difference (0% Cl) e 0f
58/166 (34.9%) 277163 (16.6%) 18.38% (106% 0 261%) 05
621229 (27.15%) 33/226 (14.6%) 12.47% (6.3% 10 187%)

397119 (328%) 12/113(106%) 22.15% (13.5% t0 30.7%) 0,073
81/276 29.3%) 48/276 (174%) 11.96% (6.1% 0 17.8%)
59/211(28.0%) 36/218(16.5%) 1145% (4.9% 0 180%) 02
61/184 (33.2%) 24/171(14.0%) 19.12% (11.9% 0 26.3%)
99/344 (28.85%) 471333 14.1%) 14.66% (9.6% 10 19.8%) >09
21/50 (42.0%) 13/56 (23.2%) 18.79% (3.9% 1033.2%)
57/199 28.6%) 28/186 (15.1%) 13.59% (6.1% 020.4%) 08
63/196 (32.1%) 32/203 (15.8%) 16.38% (9.4% 0 233%)
10724 (417%) 3117 (176%) 20.02% (-0.3% 044.7%) 06
86/300 (28.7%) 45306 (14.7%) 13.96% (8.5% t0 19.4%)
407133 (30.1%) 25/141 (17.7%) 12.34% (3.9% 0 208%) 06
51/157 (32.5%) 24/142 (16.9%) 15.58% (7.4% 0 23.5%)
29/104 (27.9%) 11/106 (104%) 1751% (8.8% 10 26.3%)
95/292 (32.5%) 49/306 (16.0%) 16.52% (108% 1022.2%) 08
25/103 (24.3%) 10582 (12.2%) 12.08% (27% 0 21.2%)
108/359 (30.1%) 55/367 (15.0%) 16.10% (10.1% 020.1%) 08
12/36 (33.3%) 421190%) 14.29% (-6.4% 0 32.1%)
66/204 (32.45%) 38/192 (19.8%) 12.56% (5.3% 0 197%) 02
471174 270%) 20/185 (10.8%) 16.20% (9.5% 0 23.0%)
53/179 29.6%) 22/172(12.8%) 16.82% (9.8% 10 23.8%) 06
53/176 (30.1%) 201177 (15.3%) 14.86% (7.6% 0221%)

Figure 3. Forest plot of the primary endpoint in predefined subgroups at 30 days. CI: confidence interval;
EuroSCORE: European System for Cardiac Operative Risk Evaluation; STS: Society of Thoracic Surgeons

are currently lacking. Since the indication for permanent
pacemaker implantation is not entirely objective, a treatment
bias cannot be completely excluded. Nevertheless, the
principal investigators, together with the steering committee,
decided to define it as part of the primary endpoint due to
its clinical relevance. Despite the discontinuation of the
ACURATE programme, the present trial highlights the
potential mechanistic strengths of this specific valve design
in selected anatomies, particularly with respect to pacemaker
implantation rates. Conclusions regarding valve performance
and clinical outcomes beyond 30 days for this selected patient
subset cannot be derived yet, but long-term follow-ups are
scheduled. These data will help determine the impact of initial
device success and THV frame expansion on outcomes and
may contribute to translate the mechanistic characteristics of
the ACURATE platform into future valve designs.

Conclusions

In selected patients with symptomatic, severe aortic stenosis,
TAVI with the ACURATE #neo2 valve was non-inferior to
an Evolut PRO/PRO+/FX valve with respect to a composite

primary endpoint of all-cause mortality, stroke, moderate
or severe prosthetic valve regurgitation, and permanent
pacemaker implantation at 30 days. Occurrence of the
primary endpoint was significantly lower in the ACURATE
neo2 group, driven by lower pacemaker rates. Data on valve
performance and clinical outcome at 1 year and beyond will
further define the safety and efficacy of this specific valve
design in patients with well-selected anatomical characteristics.
Thus, the design and mechanistic characteristics of the already
withdrawn ACURATE platform may influence future valve
development.
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BACKGROUND: Dedicated randomised studies on intravascular imaging guidance in unprotected left main coronary
artery (LMCA) disease are lacking.

AIMS: We aimed to investigate the clinical feasibility of optical coherence tomography (OCT) guidance in percutaneous
coronary intervention (PCI) of true LMCA bifurcation lesions and to evaluate its prognostic impact compared with
angiographic guidance.

METHODS: Patients with true LMCA bifurcation lesions who were randomised to either OCT or angiographic
guidance in the OCTOBER Trial were included. The feasibility of OCT guidance was assessed as the proportion of
patients with successful and analysable OCT pullbacks before, during, and after stenting. Clinical outcomes between
the two groups were compared based on the incidence of a composite of major adverse cardiac events (MACE),
comprising cardiac death, any myocardial infarction, or target lesion revascularisation.

RESULTS: In total, 227 patients were included (OCT: 111, angiography: 116). OCT guidance was successful, with
98% of cases having a pre-stenting pullback performed and 96% a final pullback, as per protocol. The proximal
LMCA stent edge was analysable in 43% of patients, and in the remaining 57%, only 5% were limited by insufficient
image quality. No statistically significant difference in MACE was observed between the two groups (OCT: 14.4%
vs angiography: 18.4%, hazard ratio 0.78, 95% confidence interval: 0.39-1.51).

CONCLUSIONS: OCT-guided PCI in true LMCA bifurcation lesions was clinically feasible, but visibility of the LMCA
ostium was limited by short pullbacks, insufficient clearance, or guide catheter shadowing. OCT guidance was
associated with a non-significant reduction in MACE, consistent with the effect estimate in the main trial.

KEYWORDS: left main coronary artery; optical coherence tomography; percutaneous coronary intervention
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left main coronary artery (LMCA) disease is recommended

in patients who are not eligible for coronary artery bypass
grafting (CABG) or in those with low lesion complexity.'* In
recent years, several technical advancements in PCI treatment
for distal LMCA disease have been developed. Intravascular
imaging (IVI) guidance with either intravascular ultrasound
(IVUS) or optical coherence tomography (OCT) has been shown
to improve outcomes in patients treated with PCI for complex
coronary artery lesions and is recommended in patients with
LMCA disease.>* However, stent techniques in LMCA diseased
lesions differ according to lesion location, as involvement of the
ostium, body, and/or the distal bifurcation introduces specific
technical considerations. The most complex anatomies include
true bifurcation lesions, which may mandate complex two-stent
techniques with meticulous in-procedure IVI interpretation
of dimensions, guidewire position, and stent architecture.’
Previous randomised data on IVI-guided LMCA PCI were not
limited to investigating true bifurcation lesions.*® This study
aimed to investigate the feasibility of OCT guidance in patients
with true LMCA lesions and to assess the prognostic impact of
OCT guidance compared with angiographic guidance.

Methods

DESIGN AND STUDY POPULATION

This study was a prespecified analysis of patients with true
LMCA bifurcation lesions enrolled in the European Trial on
Optical Coherence Tomography Optimized Bifurcation Event
Reduction (OCTOBER; ClinicalTrials.gov: NCT03171311).
The OCTOBER Trial has previously been described in detail 5!
In short, the OCTOBER Trial was a clinical outcome trial that
randomised 1,201 patients with true bifurcation lesions 1:1
to OCT-guided or angiography-guided stent implantation at
38 European centres. A true bifurcation lesion was defined as
at least 50% stenosis in both the main vessel (MV) and the
side branch (SB), within 5 mm of the SB ostium. Reference
diameters were required to be 22.75 mm in the MV and
>2.5 mm in the SB by visual estimation. Randomisation was
stratified by distal LMCA disease, study site, and whether
a two-stent technique was planned. In this subgroup analysis,
the inclusion criterion was a true bifurcation lesion in the
LMCA, including both ostial and non-ostial LMCA. The
trial was conducted in accordance with the principles of the
Declaration of Helsinki, and all participants provided written
informed consent. The protocol was approved by the local
ethics committees at all participating centres.

Percutaneous coronary intervention (PCI) in patients with

STUDY PROCEDURE
Patients were randomised to OCT-guided or angiography-
guided LMCA PCI after wiring of the left anterior descending

OCT vs angio in true LMCA bifurcation lesions

Impact on daily practice

Guiding percutaneous intervention (PCI)
with optical coherence tomography (OCT) is feasible
in patients with true bifurcation lesions in the left main
coronary artery (LMCA). OCT guidance yields a non-
significant improvement in clinical outcome compared
with angiographic guidance. This is comparable with other
trials of intravascular imaging (IVI) in patients with LMCA
disease, and therefore, PCI in these lesions should always
be guided by IVI. Our results underline that using IVI is
more important than the specific IVI modality chosen.

coronary

artery (LAD) and left circumflex (LCx) artery. In both groups,
it was recommended to consider a two-stent technique in
cases with a risk of SB compromise, difficult access to the
side branch, or an SB lesion length >3 mm. The protocol
mandated use of one of the following stenting techniques: (1)
provisional SB stenting, (2) double-kissing crush (DK-crush),
(3) culotte, (4) T-stenting, or (5) the T and small protrusion
technique. Regardless of the technique utilised, predilatation
of the MYV, proximal optimisation technique after the
first stent implantation before rewiring, and final kissing
balloon inflation with simultaneous inflation and deflation
were mandated. In patients assigned to OCT-guided PCI,
a predefined OCT guidance protocol was applied. The
protocol detailed three critical steps for OCT use: (1) pre-
stenting assessment, (2) evaluation of guidewire recrossing,
and (3) final evaluation of adequate lesion coverage and
expansion.’ Evaluation of the wire position after the first
rewiring was mandatory for all techniques, whereas second
evaluations were only mandated for culotte and DK-crush
procedures. Post-stenting OCT after final kissing balloon
inflation was mandatory in the MV for all techniques, but
only in the SB for two-stent techniques. Operator training
was threefold and included onsite training in OCT-guided
bifurcation PCI, online feedback prior to randomisation of
OCT-guided cases and continuous core lab feedback during
the trial. In patients assigned to angiography-guided PCI,
stent implantation was performed according to standard
local practice. The use of IVUS in the angiography group was
allowed as a bailout at the operator’s discretion.

OCT FEASIBILITY

The feasibility of OCT guidance was assessed as the
proportion of patients in whom successful OCT pullbacks
were obtained at each of the three predefined steps:

1. During the “pre-stenting assessment”, feasibility was
defined as the successful calculation of the reference external

Abbreviations

CABG coronary artery bypass grafting MACE major adverse cardiac events PCI percutaneous coronary intervention
1] intravascular imaging Mi myocardial infarction SB side branch

IVUS intravascular ultrasound MSA  minimum stent area USD unintended stent deformation

LAD left anterior descending artery MV main vessel

LCx  left circumflex OCT  optical coherence tomography
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elastic lamina diameter and ascertainment of adequate
predilatation.
2. The feasibility of “guidewire evaluation” was defined as
the successful assessment of guidewire position after rewiring.
3. Feasibility of the “final evaluation” was defined as the
successful measurement of minimum stent diameter and stent
edges, as well as the detection of significant malapposition
and unintended stent deformation (USD).*

All OCT analysis was performed by the study core
laboratory at the Department of Cardiology, Aarhus
University Hospital, Aarhus N, Denmark.

QUANTITATIVE OCT ANALYSIS

Offline core lab analysis of the final OCT pullback was
performed with dedicated analysis software (QCU-CMS
[Leiden University Medical Center]). Analysis was conducted
using a predefined protocol that divided the treated lesion into
10 segments (LMCA, LAD, and LCx references, stent edges,
body, and finally, the bifurcation core). The reference segments
were defined as any healthy vessel within 2 to 5 mm from the
stent edge, and the stent edges were the 5 mm segments distal
or proximal to the last frame with visible struts. All frames
were analysed within the bifurcation core, whereas frames
every 0.5 to 0.6 mm were analysed in the remaining segments.
Segments were fully or partly excluded if image quality was
too poor because of artefacts, an unflushed catheter, massive
thrombus, a limited field of view, or unflushed blood.

CLINICAL ENDPOINTS

The main clinical endpoints of the study were a composite
of major adverse cardiac events (MACE), MACE without
procedural myocardial infarction (MI), and the individual
MACE components. MACE were defined as cardiac
death, target lesion MI, and ischaemia-driven target lesion
revascularisation. Spontaneous MI was defined according
to the Universal Definition of MI, whereas procedural MI
was defined according to the Academic Research Council-2

consensus document.!'2  Follow-up was performed by
telephone interviews at 1 and 2 years after randomisation.

STATISTICAL ANALYSIS

Continuous variables are reported as meansstandard
deviation or median (interquartile range [IQR]) depending on
distribution. Categorical variables are reported as numbers
(percentage). Differences in procedural endpoints were tested
using the Student’s t-test or Wilcoxon rank-sum test. Survival
analysis was performed for all endpoints in the intention-to-
treat population, comparing patients randomised to OCT and
angiographic guidance. Patients were followed from the time
of randomisation until the time of an event, death, loss to
follow-up, or completion of 2-year follow-up. Kaplan-Meier
time-to-event curves were plotted, and Cox regression was
performed to compare the difference in risk between the
groups. No adjustment was made for the stratification of
LMCA disease at randomisation. The proportional hazards
assumption was assessed using log-log plots. Sensitivity
analyses of all LMCA-treated patients were performed
subsequently. Missing data were not imputed. A 2-sided
p-value<0.05 was considered statistically significant. Analysis
was performed using Stata, version 19 (StataCorp).

Results

PATIENTS

In total, 1,201 patients were randomised in the OCTOBER
Trial. In the intention-to-treat analysis, 227 (18.9%) were
randomised to treatment of the LMCA as the study bifurcation
(OCT: 111, angiography: 116). Furthermore, 69 patients (OCT:
36, angiography: 33) underwent PCI of the LMCA in addition
to treatment of a more distal true bifurcation lesion (Figure 1)
and most of these patients had undergone ostial stenting of the
LMCA (273/296 [OCT: 135, angiography: 138]). Patients were
numerically older in the OCT group than in the angiography
group (OCT: 72.2+10.0 years, angiography: 70.1+9.2 years).
Patient characteristics are described in Table 1.

1,201 Patients randomised

in OCTOBER
I |
600 with OCT
guidance
v
147 0CT-guided
LMCAPCI
True non-LMCA bif lesion
p{ —35LAD-diagonal branches
v — 1 LCx-marginal branch
111 true LMCA

bifurcation lesions

v

601 with angio
guidance

y

149 angio-guided

LMCAPCI
True non-LMCA bif lesion
p{ — 32 LAD-diagonal branches
— 1 LCx-marginal branch
v
116 true LMCA

bifurcation lesions

Figure 1. Study flowchart. bif: bifurcation; LAD: left anterior descending artery; LCx: left circumflex; LM CA: left main coronary
artery; OCT: optical coherence tomography; PCI: percutaneous coronary intervention
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Table 1. Baseline characteristics.

Age, years 72.2+10.0 70.1£9.2
Female sex 33 (29.7) 28 (24.1)
Indication

Chronic coronary syndrome 45 (40.5) 54 (46.6)

Unstable angina pectoris 8(7.2) 13(11.2)

NSTEMI 29 (26.1) 21(18.1)

Staged NCL 29 (26.1) 28 (24.1)
Body mass index, kg/m? 28.0+4.4 28.4+5.5
LVEF, % 55 (50; 60) 56 (50; 60)
Previous PCI 48 (43.2) 55 (47.8)
Previous myocardial infarction 37 (33.6) 42 (36.5)
Previous CABG 2(1.8) 3(2.6)
Lipid-lowering treatment 88 (79.3) 94 (81.7)
Diabetes 26 (23.4) 24 (20.9)
Hypertension treatment 86 (77.5) 94 (81.0)
Smoker

Active 14 (13.1) 16 (14.5)

Previous 48 (44.9) 42 (38.2)
Previous stroke 4 (3.6) 3(2.6)
Renal failure 3(2.7) 6 (5.2)
Peripheral arterial disease 10 (9.1) 10 (8.6)

Data are presented as meanzstandard deviation, n (%), or median
(interquartile range). CABG: coronary artery bypass grafting; LVEF: left
ventricular ejection fraction; NCL: non-culprit lesion; NSTEMI: non-ST-
segment elevation myocardial infarction; OCT: optical coherence
tomography; PCl: percutaneous coronary intervention

PROCEDURAL CHARACTERISTICS

All patients randomised to treatment of the LMCA
bifurcation had a true bifurcation lesion; most had a Medina
classification of 1.1.1 (OCT: 83 [74.8%], angiography: 90
[77.6%]). The LMCA lesion was treated with PCI in 110/111
patients (99.1%) in the OCT group and in 116/116 (100%)
in the angiography group. Procedural characteristics are
shown in Table 2. Contrast usage was higher in the OCT
group than in the angiography group (OCT: 300 mL [IQR
250; 410], angiography: 250 mL [IQR 180; 320]; p<0.001),
and procedural time was also longer in the OCT group (OCT:
115 min [IQR 95; 150], angiography: 84 min [IQR 64; 119];
p<0.001).

OCT FEASIBILITY

All OCT-guided patients had at least one OCT pullback
performed. Pre-stenting assessment was successfully performed
in 108/110 patients (98%). In the LAD to LMCA pullback, it
was feasible to measure the proximal reference in the LMCA
in 97/110 (88%) and the distal reference in the LAD in 95/110
(86%). Where an LCx to LMCA pullback was mandated, the
LCx reference was successfully measured in 58/65 patients
(88%). Evaluation of the first rewiring was performed in
93/106 patients (85%), and evaluation of the second rewiring
in 46/50 (92%) (Central illustration). The wire position after the
second rewiring is shown in Supplementary Table 1.

OCT vs angio in true LMCA bifurcation lesions

Table 2. Procedural characteristics.

ocT Angio ocT Angio
N=111 N=116 N=111 N=116

Number of lesions to be treated 1(1;1) 1(1;2)
Medina classification
1.1.1 83 (74.8) 90 (77.6)
1.0.1 13(11.7) 11 (9.5)
0.1.1 15(13.5) 15(12.9)
Total stent length in LM-LAD, 38 (24; 61) 38(23; 61)
mm
Total stent length in LCx, mm 23 (18; 33) 22 (15; 30)
Maximum balloon diameter, 4.8+0.5 4.7+0.5
mm
Stented to LMCA ostium 105 (94.6) 112 (96.6)
Predilatation
LAD 110 (99.1) 113 (97.4)
LCx 83 (74.8) 80 (69.6)
Actual treatment strategy
One stent provisional 29 (26.1) 32 (27.6)
DK-crush 23 (20.7) 23 (19.8)
Culotte 27 (24.3) 28 (24.1)
T-stenting 22 (19.8) 23(19.8)
TAP 6 (5.4) 8 (6.9)
Other 4 (3.6) 2(1.8)
Final POT 106 (95.5) 114 (98.3)
Final kissing balloon 109 (98.2) 114 (98.3)

Total contrast, mL 300 (250; 410) 250 (180; 320)

115(95; 150) 84 (64; 119)
29 (22; 40) 24 (17; 31)

Data are presented as meanzstandard deviation, n (%), or median
(interquartile range). DK: double kiss; LAD: left anterior descending artery;
LCx: left circumflex; LM: left main; LMCA: left main coronary artery;

OCT: optical coherence tomography; POT: proximal optimisation technique;
TAP: T and small protrusion

Procedure time, min

Fluoroscopy time, min

A final OCT acquisition from the LAD to the LMCA was
performed in 107/110 (97%), and a final OCT pullback from
the LCx to the LMCA was performed in 74/835 patients (88 %).
Three patients did not have the final pullback performed,
either because of technical or patient-related issues. The final
pullback was fully analysable for clinical purposes in 85/107
(79%). The remaining 22/107 patients (21%) had partly
analysable pullbacks, in which 159/303 frames (52 %) could be
analysed in 4 quadrants, 10/303 frames (3%) in 3 quadrants,
38/303 frames (13%) in 2 quadrants, 45/303 frames (15%)
in 1 quadrant and 51/303 frames (17%) in 0 quadrants.
The proximal stent edge was available for evaluation in
46/110 patients (42%). The reasons for non-visualisation of
the proximal edge are elaborated in the Central illustration.
The distal LAD stent edge was analysable in 88/107 patients
(82%). The reason that the edge was not analysable was
additional treatment in 19/107 patients (18%). No major
malapposition could be confirmed in 78/107 patients (73%),
and full lesion coverage was confirmed in 76/107 patients
(71%). In addition, the minimum stent diameter for the LAD

Eurolntervention 2026;22:566-574 « Emil N. Holck et al.
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Eurolntervention Central lllustration

OCT versus angiographic guidance of true LMCA bifurcations.

A Feasibility of 0CT guidance in true LMCA bifurcation lesions
Stent planning Rewiring Stent optimisation
Successful OCT 98% First rewiring 85% LMCA to LAD OCT 97%
LMCA reference 88% Second rewiring 92% LCx OCT 88%
LAD reference 86% Visible LMCA edge 43%
LCx reference 88% Visible LAD edge 82%
B Visualisation of the LMCA ostium with OCT in the final pullback
Visible edge Non-visible edge
Edge in ostium Edge in aorta Poor quality Guide in edge Other*
15% 28% 1% 31% 19%
C Clinical outcome at 2 years for 0CT versus angiographic guidance in true LMCA bifurcations
MACE with procedural MI MACE without procedural Ml
20 20
X Angio B Angio
g 154 =—— OCT g 154 =—— OCT
<T <
= =
5 10 __'_,_,_,_,_,—'7 5 10
§ HR 0.78, 95% Cl: 0.39-1.51 E HR 0.68, 95% Cl: 0.30-1.54
0 T 1 0 T 1
0 1 2 0 1 2
Time since intervention (years) Time since intervention (years)
0CT m 94 68 0CT m 100 n
Angio Angio

Emil N. Holck et al. » Eurolntervention 2026;22:566-574 ¢ DOI: 10.4244/ElJ-D-25-01337

A) Feasibility of OCT guidance in the predefined steps in the OCT arm. B) Feasibility of visualising the LMCA ostium at the
finalisation of the procedure. *Other reasons include no final pullback (3/110), insufficient pullback length (5/63), and
additional treatment (12/63). C) Clinical outcome in the intention-to-treat population. CI: confidence interval; HR: hazard ratio;
LAD: left anterior descending artery; LCx: left circumflex; LMCA: left main coronary artery; MACE: major adverse cardiac
events; MI: myocardial infarction; OCT: optical coberence tomography

was analysable in 94/107 patients (88%) and for the LMCA  64/110 patients (58%) in the LCx to LMCA pullback. In the

in 75/107 patients (70%). LAD to LMCA pullback, 56 (55%) had at least 1 segment
excluded from the analysis because of insufficient quality.
QUANTITATIVE OCT CHARACTERISTICS The minimum stent area (MSA) was 13.2 mm2? (IQR 11.3;

In total, 102/110 patients (93%) had a final OCT pullback  15.4) in the LMCA, 7.6 mm? (IQR 6.7; 8.6) in the LAD,
with analysable segments in the LAD to LMCA pullback and  and 6.6 mm2 (IQR 5.5; 9.2) in the LCx. The MSA for the
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LAD was <6.0 mm? in 17/102 patients (17%), while the
MSA for the LCx was <5.0 mm? in 10/64 patients (16%)
(Supplementary Figure 1). Additional OCT characteristics are
reported in Table 3. No difference in OCT characteristics
was found between patients with versus without MACE
(Supplementary Table 2). Quantitative plaque analysis of the
proximal LMCA edge was only feasible in 14/110 patients
(13%). In patients with LMCA stenting, 27/146 (19%) had
USD; of these, 21 (78%) were at the LMCA edge. In total,
14 USDs (52%) were unrecognised and not treated during the
procedure (Supplementary Table 3).

CLINICAL OUTCOME

In total, 166 patients (73%) completed 2 years of follow-up,
with a median follow-up time of 20.4 months. In the OCT
group, 15/111 patients (14%) experienced MACE compared
with 20/116 patients (18 %) in the angiography group (hazard
ratio [HR] 0.78, 95% confidence interval [CI]: 0.39-1.51;
p=0.46). The rate of MACE without procedural MI was
10% in the OCT group and 14% in the angiography group
(HR 0.68, 95% CI: 0.30-1.54; p=0.34) (Central illustration,
Table 4). In a sensitivity analysis including all patients with
LMCA stenting, the event rates were in favour of OCT
guidance but did not reach statistical significance (HR 0.58,
95% CI: 0.26-1.26) (Supplementary Figure 2). Restricting
the analysis to the OCT group, the effect of OCT was more
pronounced when compared with IVUS-guided cases (HR
0.50, 95% CI: 0.19-1.26) than with non-IVUS-guided cases
(HR 0.65, 95% CI: 0.26-1.59) in the angiography group
(Supplementary Figure 3).

Discussion

This study represents the first randomised clinical outcome
trial comparing IVI versus angiographic guidance in patients
with true LMCA bifurcation lesions. The relative clinical
effect of OCT guidance was comparable with that observed
in the OCTOBER main study, although the analysis was

Table 3. Quantitative OCT characteristics.

OCT vs angio in true LMCA bifurcation lesions

not powered for statistical significance. Performing OCT
at the predefined timepoints was feasible in the LMCA.
Clear visualisation and evaluation of the proximal stent
edge in the LMCA was limited, mainly explained by an
insufficient pullback length or the stent protruding into
the aorta. Systematic OCT analysis revealed favourable
absolute expansion in more than 80% of patients, but a high
prevalence of USD at the LMCA ostium was seen. These
findings highlight the clinical feasibility of OCT guidance in
distal LMCA PCI but also the potential pitfalls in visualising
the LMCA ostium.

Previous randomised studies of IVI in LMCA lesions included
patients with any LMCA lesion, with no restriction to true
bifurcation lesions.>®*!3 In those trials, the proportion of
patients with any bifurcation lesion was reported to range from
49% to 59% in IVI groups, and the number of true bifurcations
was only known in one study (RENOVATE-COMPLEX-
PCI)." This fundamental difference in lesion selection in the
OCTOBER Trial likely explains why it did not fully reproduce
the results from a recently conducted study-level meta-analysis,
which found an effect size in favour of IVI (HR 0.55, 95%
CI: 0.36-0.84)."* Notably, distal LMCA PCI is associated with
a worse outcome than proximal lesions, which makes a smaller
relative treatment effect in OCTOBER pathophysiologically
plausible because of more events in both groups.’’ Supporting
this, we see that the MACE rates in the LMCA OCT group
in OCTOBER are higher than in the LMCA IVI groups in
OCCUPI (6/113 [5%]) and RENOVATE-COMPLEX-PCI
(9/138 [6.8%]).%' On the other hand, MACE rates in OCCUPI
and RENOVATE-COMPLEX-PCI are comparable to the IVUS-
guided patients in NOBLE.'® Furthermore, sensitivity analysis
of any treated LMCA supports OCT guidance. Another
plausible explanation is that the absolute event rates observed
in the angiographic groups in previous trials were considerably
higher than the rates reported in the OCTOBER Trial.
Secondly, the event rates in trials investigating distal LMCA PCI
techniques have shown substantial variability across different

i [ man | waoers | w0 | i

Segment length, mm 7.3(5.0;9.8) 3.0 (2.6; 3.8) 17.2(11.2; 28.0) 18.4 (10.6; 26.0)
Mean lumen area, mm? 15.2 (13.1; 17.5) 12.1 (10.2; 14.4) 9.5(8.1;11.4) 8.4 (6.9; 10.4)
Minimum lumen area, mm? 13.2(11.4; 15.3) 9.1(7.7;11.3) 7.3(6.5; 8.4) 6.5 (5.3; 9.0)
Mean stent area, mm? 15.4 (13.3; 17.6) 11.7 (10.2; 14.0) 9.6 (8.3; 11.2) 8.7 (6.9; 10.5)
Minimum stent area, mm? 13.2(11.3; 15.4) 9.4(7.7;11.2) 7.6 (6.7; 8.6) 6.6 (5.5; 9.2)
Edge disease
Calcium 1(0.9) = 2(1.9) 1(0.9)
Lipid 0 (0) - 63 (58.9) 33 (31.1)
Fibrotic 14 (12.6) = 22 (20.6) 23 (21.7)
Not visible 96 (86.5) = 20 (18.7) 8(12.3)
Reference EEL diameter, mm 4.7 (4.0; 5.6) - 3.2(2.6;4.1) 3.1(2.7;3.6)
Reference lumen area, mm? 15.2 (11.0; 20.0) - 5.6 (4.3; 8.0) 5.5(4.6; 7.3)
Malapposed struts, % 5.5(0.8; 13.5) - 4.7 (1.7;11.7) 2.7 (0.0; 11.0)
Jailed struts, % - 2.8 (0.0; 10.2) - -

Data are presented as n (%) or median (interquartile range). EEL: external elastic membrane; LAD: left anterior descending artery; LCx: left circumflex;

OCT: optical coherence tomography
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Table 4. Clinical events at a median of 2 years.

MACE 14.4
MACE without procedural Ml 10 10.2
MACE related to the target bifurcation 15 14.4
Cardiac death 5 5.1
Target vessel revascularisation 5 5.3
Myocardial infarction

Any 12 11.6

Procedural 8 7.2

Spontaneous 4 4.4

18.4 0.78 (0.39-1.51)
15 14.1 0.68 (0.30-1.50)
19 17.5 0.82 (0.42-1.61)
6.4 0.74 (0.23-2.33)
7.1 0.72 (0.23-2.28)
9 7.9 1.39 (0.59-3.30)
6 5.2 1.39(0.48-4.01)
8 8.3 1.36 (0.31-6.07)

Cl: confidence interval; HR: hazard ratio; KM: Kaplan-Meier; MACE: major adverse cardiac events; MIl: myocardial infarction; OCT: optical coherence

tomography

approaches, with reported 3-year rates ranging from 7.1% in
the DKCRUSH-V trial to 29.5% in the EBC MAIN trial.'”!s
Such heterogeneity emphasises the potential impact of patient
selection, lesion complexity, and procedural techniques used.
Of note, the OCTOBER Trial was the first randomised IVI trial
including true LMCA bifurcation patients within a non-Asian
population. The patients were older and a higher proportion
presented with stabilised MI and thus had a higher baseline
risk than those in the DK-CRUSH trial. Finally, differences in
operator experience, both with IVI but also with LMCA PCI,
might have influenced the results in all available trials, as we
know that the learning curve is associated with outcomes.” To
overcome this in the OCTOBER Trial, a strict imaging protocol
and operator training were mandated prior to randomisation.

FEASIBILITY OF OCT GUIDANCE IN LMCA PCI

The OCTOBER OCT imaging protocol was strict and
involved a systematic approach to critical in-procedure steps.’
In this study, we showed that the prespecified OCTOBER
protocol was feasible in most cases, including both provisional
SB stenting and 2-stent techniques. Complete visualisation of
the stent edge in the LMCA was suboptimal after stenting; this
was a result of poor OCT imaging quality in only 5% of cases.
The remaining cases were due to insufficient pullback length,
deep guide catheter intubation, or a stent protruding into
the aorta — factors associated with operator skills. However,
estimation of the proximal reference diameter prior to stent
implantation was achievable in most cases. Although OCT has
an inherent limitation for assessing the LMCA ostium, which
might influence clinical feasibility, technical refinements and
procedural techniques have substantially reduced this problem
compared with a previous IVUS versus OCT study.? These
techniques include slightly disengaging the guiding catheter,
keeping it coaxial to the LMCA ostium and using guide
extension catheters at a lower threshold. Secondly, selection
of the segment of interest with selective OCT recording of
the LMCA segment alone, in combination with new, fast
pullback systems, may enhance the visibility of the edge.!
Finally, a strategy with hybrid IVI, using both OCT for the
evaluation of calcified plaques and quantitative periprocedural
stent parameters in addition to IVUS for assessing expansion
and reference segments, might be a reasonable strategy in the
future with either dual or hybrid catheters. In the LEMON

Eurolntervention 2026;22:566-574 ¢ Emil N. Holck et al.

study, which also used a systematic OCT protocol in LMCA
stenting, the proximal edge was available for evaluation in
all cases.?> The LEMON study was not powered for clinical
outcome evaluation. On the other hand, in the OCTIVUS trial,
no significant difference in clinical outcome between OCT and
IVUS was found in aorto-ostial lesions.?* Furthermore, in this
study, OCT provided important periprocedural information
such as guidewire position before SB opening in 2-stent
techniques with clear visualisation both in the longitudinal and
cross-sectional views. In addition, severe USD was identified in
18.5% of all patients with LMCA stenting in the OCT group
in our study, which is a markedly higher rate than the 5.6%
found with systematic IVUS in another study.?* As previously
shown, untreated USD is associated with a very high risk
of procedural complications and early MACE, underlining
the value of OCT’ higher resolution for its detection and
correction.”® However, this comes at the limitation of poorer
visualisation of the ostium, although it is worth noting
that the inability to visualise the LMCA ostium after stent
implantation does not influence the expansion criteria, as it is
absolute expansion that is associated with outcome in LMCA
PCL?¢ In the quantitative OCT analysis, a very acceptable
absolute expansion was found compared with previous studies
using OCT and IVUS.222627 Qverall, the strengths of OCT in
LMCA PCI outweigh the previously suggested limitations,
and our findings support the current equal recommendation
of OCT and IVUS in the European guidelines also in patients
with LMCA disease — particularly those with distal LMCA
disease in need of a 2-stent technique.? However, whether true
equipoise between the methods exists remains unexplored.

Limitations

The study was not powered for assessing the clinical effect of
LMCA PCI. The number of clinical events were low, which
limits the possibility to predict events using procedural or
quantitative OCT parameters. Blinding of the patients and
operators was not feasible. The external validity is limited to
older patients with LMCA lesions who may be ineligible for
coronary artery bypass grafting, and further evaluation of
IVI-guided PCI versus CABG is needed. As previously noted,
extrapolation to regions outside Europe may be limited. The risk
of residual confounding was lowered with stratification during
randomisation; however, it cannot be completely excluded.



No in-procedure comparison with IVUS was performed, and
therefore, it is not known whether the proximal edge and USD
can be identified equally by both methods.

Conclusions

In patients treated with PCI for true distal LMCA bifurcation
lesions, it was feasible to adhere to a strict OCT imaging
protocol including evaluation of reference diameters, guidewire
position, and identification of USD with acceptable expansion
parameters. However, feasibility was limited by incomplete
visualisation of the proximal LMCA stent edge. OCT
guidance was not associated with a significant improvement
in clinical outcome at 2 years after randomisation compared
with angiographic guidance. Appropriately powered studies
or meta-analyses are needed for further evaluation.
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BACKGROUND: In patients with acute coronary syndrome (ACS) undergoing percutaneous coronary intervention
(PCI) and who are treated with direct oral anticoagulants (DOACs), dual antithrombotic treatment without aspirin
is reccommended. Evidence comparing P2Y , inhibitor strategies in this setting is limited.

AIMS: This study aimed to compare outcomes with ticagrelor versus clopidogrel as part of dual antithrombotic
treatment in ACS patients undergoing PCL

METHODS: Using data from the SWEDEHEART registry, we conducted a cohort study including patients on dual
antithrombotic treatment with ACS undergoing PCI between January 2014 and February 2022. Outcomes within one
year were analysed using multivariate Cox regression to obtain adjusted hazard ratios (aHR) with 95% confidence
intervals (CI) for major adverse cardiovascular events (MACE; including mortality, myocardial infarction [MI], and
stroke), all-cause mortality, clinically relevant bleeding, and MIL.
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RESULTS: A total of 3,708 patients were included (median age 76 years; 69% males; 40% ST-segment elevation
myocardial infarction). At discharge, 1,170 (32%) received ticagrelor and 2,538 (68%) clopidogrel. For MACE,
the unadjusted event rate was 16.7% in the ticagrelor group and 16.6% in the clopidogrel group (aHR 1.02, 95%
CIL: 0.84-1.23). Mortality occurred in 6.6% of patients treated with ticagrelor and 6.2% of those treated with
clopidogrel (aHR 1.24, 95% CI: 0.91-1.69). Bleeding was 4.9% in the ticagrelor group compared with 3.7% in the
clopidogrel group (aHR 1.53, 95% CI: 1.06-2.22). MI occurred in 10.4% of patients on ticagrelor and 11.2% of
those on clopidogrel (aHR 0.90, 95% CI: 0.71-1.13).

CONCLUSIONS: In ACS patients on DOACs undergoing PCI, ticagrelor was associated with an increased risk of
bleeding compared with clopidogrel, with no differences in MACE, mortality, or ML

KEYWORDS: acute coronary syndrome; clopidogrel; oral anticoagulants; ticagrelor
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percutaneous coronary intervention (PCI) are typically

treated with dual antiplatelet therapy, consisting of
aspirin and a P2Y,, inhibitor. However, approximately
10% of these patients also require direct oral anticoagulant
(DOAC) therapy, most commonly due to atrial fibrillation.!
This subgroup presents a unique challenge as they are at an
increased risk of bleeding, raising the critical question of the
optimal antithrombotic strategy after PCI.

Compared with triple antithrombotic treatment, three
randomised controlled trials (RCTs) have reported that dual
antithrombotic treatment, combining a P2Y,, inhibitor with
a DOAC but without aspirin, reduces the risk of bleeding and is
comparable in terms of ischaemic events.** Another randomised
controlled trial reported non-inferiority with dual antithrombotic
treatment regarding bleeding compared with triple antithrombotic
treatment and similar rates of ischaemic events.” Consequently,
both European and North American guidelines recommend dual
antithrombotic treatment in these patients, with clopidogrel being
the preferred P2Y,, inhibitor.*” However, in patients receiving
dual antithrombotic treatment, comparative evidence evaluating
different P2Y, inhibitors is limited.

Clopidogrel is a prodrug requiring activation via the
polymorphic cytochrome P450 isoenzyme CYP2C19; it is
dosed once daily and binds irreversibly to the P2Y,, receptor.
Ticagrelor does not require activation, is dosed twice daily, and
binds reversibly to the P2Y , receptor.® Patients with reduced
function of CYP2C19 treated with clopidogrel are reportedly at
increased risk of major adverse cardiovascular events (MACE).?
Furthermore, reduced pharmacodynamic effects of clopidogrel
have been reported for patients with diabetes mellitus type two
and patients with a high body mass index (BMI).!%-12

Thus, our hypothesis was that greater platelet inhibition
with ticagrelor compared with clopidogrel may improve
outcomes in patients on dual antithrombotic treatment.
As far as we are aware, no study has directly compared
clinical outcomes between the P2Y , inhibitors ticagrelor and
clopidogrel in the context of dual antithrombotic treatment
without aspirin for ACS patients requiring concurrent DOAC
therapy. The aim of this study was therefore to investigate
this issue in patients with ACS undergoing PCL

P atients with acute coronary syndrome (ACS) undergoing

‘ Editorial, see page 521

Methods

In this cohort study, patient outcomes were compared
one year after an ACS event with PCI between patients
being prescribed ticagrelor and a DOAC, and patients
being prescribed clopidogrel and a DOAC. The study

Impact on daily practice

In this nationwide Swedish registry-based study, we
conducted, to our knowledge, the first direct comparison of
ticagrelor and clopidogrel in patients with acute coronary
syndrome undergoing percutaneous coronary intervention
and receiving treatment with a direct oral anticoagulant,
without aspirin. We observed no difference in ischaemic
outcomes, and ticagrelor was associated with an increased
risk of bleeding (adjusted hazard ratio 1.53). These findings
are consistent with current guidelines, describing clopidogrel
as the preferred P2Y , inhibitor in these patients.

was approved by the Swedish Ethical Review Authority
(2023-00201-01).

Data were obtained from the Swedish Coronary
Angiography and Angioplasty Registry (SCAAR), the Register
of Information and Knowledge about Swedish Heart Intensive
Care Admissions (RIKS-HIA), the Swedish Prescribed Drug
Register, and the Swedish National Patient Register (NPR).
All these registries are nationwide. SCAAR contains data from
coronary angiographies and PCI procedures, with a coverage
of 98.1% in 2020.* RIKS-HIA contains data regarding ACS
from all hospitals with a cardiac intensive care unit.'* The
Swedish Prescribed Drug Register records all prescriptions filled
in pharmacies in Sweden.' Through the NPR, diagnoses from
inpatient care, according to the International Classification of
Diseases-10 (ICD-10), are obtainable.'® The data were linked
using the unique Swedish personal identity number.!”

The following variables were extracted from SCAAR: year
of index ACS event, BMI, smoking status, sex, previous
coronary artery bypass grafting, diabetes mellitus, previous
PCI, antithrombotic treatment during PCI, complete
revascularisation, multivessel disease, non-ST-segment elevation
myocardial infarction (NSTEMI), ST-segment elevation
myocardial infarction (STEMI), unstable angina, proximal
infarction in coronary segments, =2 stents used during PCI,
and death. From RIKS-HIA, data regarding medications at
discharge were extracted. From the Swedish Prescribed Drug
Register, data regarding filled prescriptions both prior to and
after the event were extracted. From the NPR, we extracted
diagnoses that had been recorded, from inception to the index
date: previous bleeding, cancer, chronic obstructive pulmonary
disease, dementia, dialysis, heart failure, hypertension,
previous myocardial infarction (MI), kidney failure, peripheral
vessel disease, and stroke. A four-item PREdicting bleeding
Complications In patients undergoing Stent implantation and
subsEquent Dual Antiplatelet Therapy (PRECISE-DAPT)

Abbreviations

ACS acute coronary syndrome

BMI body mass index

DOAC direct oral anticoagulant

ICD International Classification of Diseases
IPTW inverse probability of treatment weighting
MACE major adverse cardiovascular events

Mi myocardial infarction

NSTEMI non-ST-segment elevation myocardial infarction
PCI percutaneous coronary intervention

RCT randomised controlled trial

STEMI ST-segment elevation myocardial infarction
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score was calculated from the data from SCAAR, NPR, and
RIKS-HIA.!® The corresponding ICD-10 and ICD-9 codes are
presented in Supplementary Table 1.

In the present study, we included the first-time event of an
ACS treated with PCI in patients being prescribed a DOAC
and ticagrelor or clopidogrel at discharge from January 2014
to February 2022. Follow-up data until 15 February 2022 were
available. Patients who did not survive until discharge were not
included in the study population. Those discharged with aspirin
were excluded. The index date was defined as the date of the
PCI. The P2Y , inhibitor at discharge defined the group.

Outcomes within one year from the index date included
MACE, all-cause mortality, bleeding, MI, stroke, and stent
thrombosis. MACE was defined as a composite of all-cause
mortality, M, and stroke. Bleeding was defined as readmissions
with the ICD codes shown in Supplementary Table 1, including
intracranial haemorrhage, anaemia secondary to acute blood
loss, gastrointestinal bleeding, iron deficiency anaemia due
to chronic blood loss, ocular haemorrhage, otorrhagia,
genitourinary bleeding, haemoptysis, airway haemorrhage,
and postoperative or procedure-related bleeding. The MI
outcome included readmissions with the ICD codes shown
in Supplementary Table 1, including acute MIs and acute
myocardial reinfarctions. Stent thrombosis was defined as
definite stent thrombosis verified by coronary angiography.

To account for treatment adherence, patients were censored
at 14 days post-discharge if no prescription for a DOAC
nor the P2Y , inhibitor they were treated with at discharge
had been filled within this time, provided also that no such
prescription had been filled before the event, as the patients
could otherwise have already had a supply of the drug at
home. Additionally, patients were censored if the treatment
was switched, defined as the date of filling a prescription for
the other P2Y , inhibitor or for aspirin.

STATISTICAL ANALYSIS

Data management and statistical analysis were performed
using the programming language R, version 4.3.1 (R
Foundation for Statistical Computing). Differences between
the comparison groups were investigated using the Wilcoxon
rank-sum test for continuous variables and the chi-square test
or Fisher’s exact test for categorical variables. A p-value<0.05
was defined as statistically significant.

In the main analysis, Cox regression was used to calculate
crude and adjusted hazard ratios (HRs). The adjustment model
was determined a priori and included age, BMI, sex, smoking
status, year of index ACS event, previous bleeding, diabetes,
heart failure, hypertension, kidney failure, previous myocardial
infarction, previous stroke, STEMI, and PRECISE-DAPT score.
A total of 437 patients (11.8%) had missing information
regarding at least one variable included in the multivariate
model and were subsequently excluded from the multivariate
analyses. The proportionality of hazards assumption was tested
by visual inspection of the Kaplan-Meier curves (Supplementary
Figure 1). In exploratory subgroup analyses, we calculated the
p-value for interaction across characteristics regarding age, BMI,
prior bleeding, kidney failure, sex, diabetes, PRECISE-DAPT
score, previous MI, smoking status, and STEMI. Subgroups
were assessed for MACE using the same adjustment model as
in the main analysis. In a second subgroup analysis of bleeding,

Ticagrelor versus clopidogrel in ACS with DOAC

due to frequent event counts <5 per covariate, only crude HRs
were reported to avoid overfitting.! In the main analysis, the
same approach was applied for the outcomes of stroke and
stent thrombosis, where event counts were similarly low.

Two sensitivity analyses with differing levels of censoring were
conducted: one without censoring based on filled prescriptions
and another with additional censoring based on the planned
duration of the P2Y,, inhibitor treatment at discharge.
A sensitivity analysis restricted to major bleeding was performed
in the same manner as the main analyses, using readmissions
coded with the ICD diagnoses listed in Supplementary Table 1,
including intracranial haemorrhage, anaemia due to acute
blood loss, and gastrointestinal bleeding. Additionally,
sensitivity analyses using inverse probability of treatment
weighting (IPTW) with stabilised weights were performed based
on propensity scores estimated through multivariate logistic
regression, incorporating the same covariates used in the main
analyses. These analyses were conducted for the outcomes of
MACE, all-cause mortality, bleeding, and MI. After applying
IPTW, covariate balance between groups was considered
adequate if the mean difference was <0.1. The distribution of
weights was evaluated using histograms.

Results

PATIENT CHARACTERISTICS

A total of 3,708 patients were included in the analyses (Figure 1);
1,170 (32%) were prescribed ticagrelor and 2,538 (68%)

Patients recorded in the SCAAR
(January 2014-February 2022)
n=175,426

Not ACS
n=27,300

v

Not undergoing PCI
n=46,942

v

Without DOAC at discharge
n=93,371

v

With aspirin at discharge
n=3,852

\4

Without ticagrelor or
clopidogrel at discharge
n=122

v

Not a first-time event
n=131

A 4

Study population
n=3,708

Figure 1. Flowchart of the study population. ACS: acute
coronary syndrome; DOAC: direct oral anticoagulant;
PCI: percutaneous coronary intervention; SCAAR: Swedish
Coronary Angiography and Angioplasty Registry
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clopidogrel. The median age of the study population was
76 years, the median BMI was 26.7 kg/m? 69% were males,
13% were smokers, and 14% had diabetes mellitus (Tahle 1,
Supplementary Table 2). Regarding the index event, 40% had
STEMI, 48% had NSTEMI, and 12% had unstable angina.
Regarding DOACs at discharge, 70% had apixaban, 19%

Table 1. Characteristics of the compared groups.
Ticagrelor n=1,170

Clopidogrel n=2,538

had rivaroxaban, 9% had dabigatran, and 2% had edoxaban.
The percentage of patients receiving ticagrelor as part of dual
antithrombotic treatment varied between 15% and 48% during
the years of the study period (Figure 2).

Patients treated with ticagrelor, compared with those
treated with clopidogrel, were younger and had a higher

Unknown

Demographics

Age, years 74 (67-80) 77 (71-83) 0(0) <0.001
BMI, kg/m? 27.1(24.3-30.5) 26.5 (24.1-29.7) 106 (2.9) 0.007
Smoker 180 (16) 281 (12) 166 (4.5) <0.001
Male sex 813 (69) 1,732 (68) 0 0.45
Year of the index ACS event

2014 7 (0.6) 14 (0.6)

2015 65 (5.6) 71 (2.8)

2016 106 (9.1) 131 (5.2)

2017 169 (14) 214 (8.4)

2018 210 (18) 287 (11) 0(0) <0.001

2019 225 (19) 388 (15)

2020 239 (20) 557 (22)

2021 140 (12) 825 (33)

2022 9(0.8) 51 (2.0)
Bleeding 80 (6.8) 225 (8.9) 0(0) 0.037
CABG 110 (9.4) 252 (9.9) 1(<0.1) 0.62
Cancer 60 (5.1) 150 (5.9) 0(0) 0.34
COPD 111 (9.5) 265 (10) 0 (0) 0.37
Dementia 5(0.4) 23 (0.9) 0(0) 0.12
Diabetes mellitus 223 (19) 302 (12) 0 () <0.001
Dialysis 2(0.2) 8(0.3) 0 0.73
Heart failure 157 (13) 454 (18) 0(0) <0.001
Hyperlipidaemia 560 (49) 1,350 (54) 66 (1.8) 0.005
Hypertension 831 (72) 1,952 (78) 36 (1.0) <0.001
Kidney failure 52 (4.4) 202 (8.0) 0 <0.001
Ml 315 (27) 799 (32) 65 (1.8) 0.003
Peripheral vessel disease 93 (7.9) 215 (8.5) 0(0) 0.59
PCI 300 (26) 724 (29) 0(0) 0.068
Stroke 107 (9.1) 303 (12) 0 0.012

Clinical characteristics

Complete revascularisation 719 (63) 1,619 (65) 78 (2.1) 0.20
Multivessel disease 601 (51) 1,321 (52) 0 (0) 0.70
STEMI 520 (44) 963 (38) 0(0) <0.001
NSTEMI 522 (45) 1,242 (49) 0(0) 0.014
Unstable angina 128 (11) 333 (13) 0(0) 0.061
PRECISE-DAPT score 14 (10-20) 17 (13-25) 186 (5.0) <0.001
Proximal infarction 560 (48) 1,169 (46) 0(0) 0.31
>2 stents used during PCI 416 (36) 937 (37) 0(0) 0.42

Values are presented as n (%) or median (25"-75t" percentile). BMI: body mass index; CABG: coronary artery bypass graft; COPD: chronic obstructive
pulmonary disease; MI: myocardial infarction; NSTEMI: non-ST-segment elevation myocardial infarction; PCl: percutaneous coronary intervention;
PRECISE-DAPT: PREdicting bleeding Complications In patients undergoing Stent implantation and subsEquent Dual AntiPlatelet Therapy;

STEMI: ST-segment elevation myocardial infarction
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Figure 2. Percentage of the study population discharged with
ticagrelor from 2014 to 2022.

BMI (Table 1, Supplementary Table 2). Furthermore, the
prevalence of smoking, diabetes mellitus, and STEMI was
higher in the ticagrelor group. Conversely, the prevalence of
prior bleeding events as well as heart and kidney failure was
lower in the ticagrelor group, as was the median PRECISE-
DAPT score.

OUTCOMES

For MACE, the ticagrelor and clopidogrel groups experienced
unadjusted 16.7% and 16.6% event rates, respectively, with
an adjusted hazard ratio of 1.02 (95% confidence interval
[CI]: 0.84-1.23) (Table 2, Central illustration). Unadjusted
mortality rates were 6.6% with ticagrelor versus 6.2% with
clopidogrel, with an adjusted hazard ratio of 1.24 (95% CI:
0.91-1.69). Bleeding occurred in 4.9% of patients taking
ticagrelor compared with 3.7% in the clopidogrel group, with
an adjusted hazard ratio of 1.53 (95% CI: 1.06-2.22). MI was
observed in 10.4% of the ticagrelor group versus 11.2% in
the clopidogrel group, with an adjusted HR of 0.90 (95% CI:
0.71-1.13). For stroke and stent thrombosis, the rates were
1.4% versus 1.2% and 0.3% versus 0.4%, respectively, for
ticagrelor versus clopidogrel, and no significant differences
were found.

Ticagrelor versus clopidogrel in ACS with DOAC

SUBGROUP ANALYSES

In subgroup analyses with MACE as the dependent
variable, no statistically significant interaction was found
regarding age, BMI, prior bleeding, kidney failure, sex,
diabetes mellitus, PRECISE-DAPT score, previous MI,
or smoking status (Figure 3). A statistically significant
interaction was observed between STEMI status and
treatment effect on MACE. Among patients with STEMI,
ticagrelor was associated with a non-significant trend
towards reduced MACE rates, whereas in patients without
STEMI, a non-significant trend towards increased MACE
rates was noted. In unadjusted subgroup analyses with
bleeding as the outcome, significant interactions were
observed, accompanied by non-significant trends suggesting
a potentially increased bleeding risk with ticagrelor in
patients aged =75 years, with a BMI <30 kg/m?, without
a history of prior bleeding, and whose index ACS event
was not classified as STEMI (Supplementary Figure 2). Due
to the limited number of bleeding events, adjusted analyses
could not be performed.

SENSITIVITY ANALYSES

Sensitivity analyses without censoring, and with additional
censoring based on the planned treatment time with
P2Y,, inhibitors, showed results similar to the main
results (Supplementary Table 3, Supplementary Table 4). In
a sensitivity analysis focusing solely on major bleeding,
35 patients (3.0%)treated with ticagrelor experienced an
event compared with 48 (1.9%) treated with clopidogrel,
yielding an adjusted HR of 1.63 (95% CI: 0.95-2.80) and
a p-value of 0.077. In the sensitivity analysis using IPTW, all
covariates were balanced between the comparison groups,
and no extreme weights were observed (median weight
[interquartile range]: 0.92 [0.82-1.11]; minimum: 0.44;
maximum: 3.79) (Supplementary Figure 3, Supplementary
Figure 4). The results were similar to those from the main
analyses (Supplementary Table 5).

Discussion

In patients with ACS undergoing PCI and treated with
a DOAQ, ticagrelor — compared with clopidogrel — was not
significantly associated with a favourable effect on the risk of
MACE, all-cause mortality, MI, stroke, or stent thrombosis

Table 2. Number of events post-censoring for all the outcomes within one year.

Ticagrelor Clopidogrel Hazard ratio (95% CI)
MACE 195 (16.7) 422 (16.6) 0.97 (0.82-1.15) 1.02 (0.84-1.23)
Mortality 77 (6.6) 157 (6.2) 1.02 (0.78-1.34) 1.24 (0.91-1.69)
Bleeding 57 (4.9) 93 (3.7) 1.30 (0.94-1.81) 1.53 (1.06-2.22)
MI 122 (10.4) 285(11.2) 0.90 (0.73-1.12) 0.90 (0.71-1.13)
Stroke 16 (1.4) 31(1.2) 1.06 (0.58-1.93) Too few events
Stent thrombosis 3(0.3) 11 (0.4) 0.55(0.15-1.97) Too few events

Data are n (%). 2Adjusted for age, body mass index, sex, smoking, year of the index ACS event, previous bleeding, diabetes, heart failure, hypertension,
kidney failure, previous myocardial infarction, previous stroke, ST-segment elevation myocardial infarction, and PRECISE-DAPT score. Cl: confidence
interval; MACE: major adverse cardiovascular events; MI: myocardial infarction; PRECISE-DAPT: PREdicting bleeding Complications In patients

undergoing Stent implantation and subsEquent Dual AntiPlatelet Therapy
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Eurolntervention Central lllustration

Comparison of ticagrelor versus clopidogrel in orally anticoagulated patients with ACS undergoing PCI without
aspirin.
A Patients with ACS undergoing PCI recorded in SCAAR from 2014 to 2022
n=101,184
Excluded
- Without DOAC, ticagrelor, or clopidogrel at discharge
| - With aspirin at discharge
- Not a first-time event
n=97,476
v
Study population
l n=3,708 l
Ticagrelor Clopidogrel
n=1,170 n=2,538
B Adjusted HR (95% CI)
MACE —_— 1.02 (0.84-1.23)
All-cause mortality ® : 1.24 (0.91-1.69)
Bleeding » 1.53 (1.06-2.22)
Myocardial infarction - 0.90 (0.71-1.13)
T T
05 Favours ticagrelor Favours clopidogrel )
Oskar Love Emilsson et al. ® Eurolntervention 2026;22:575-584 « DOI: 10.4244/E1J-D-25-01373
A) Study flowchart; (B) forest plot for clinical outcomes. ACS: acute coronary syndrome; Cl: confidence interval; DOAC: direct
oral anticoagulant; HR: hazard ratio; MACE: major adverse cardiovascular events; PCI: percutaneous coronary intervention;
SCAAR: Swedish Coronary Angiography and Angioplasty Registry

after adjustments for baseline characteristics. Thus, our
hypothesis that greater platelet inhibition with ticagrelor
would improve outcomes in these patients was not confirmed.
On the contrary, ticagrelor was associated with a 53% higher
hazard of bleeding.

Our regarding MACE are
a previous unadjusted analysis showing no difference
between ticagrelor and clopidogrel regarding the odds
of MACE.? Exploratory subgroup analyses for MACE
revealed a non-statistically significant trend towards

results consistent with
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a benefit in patients with STEMI but with a significant
p-value for interaction. Patients with STEMI, as they tend
to have a higher thrombus burden,*' may represent a more
thrombogenic cohort.?? Therefore, one could speculate
that patients with STEMI would benefit from more potent
platelet inhibition at discharge than those without STEMI.
However, since the results from the subgroup analyses
are primarily exploratory and hypothesis-generating, this
result would need further confirmation in an RCT. The
non-statistically significant trend towards a higher rate



Events/total (percentage) Adjusted®
Ticagrelor Clopidogrel HR (95% CI)

Age

> 75 years 107/555 (19.3)  303/1,587 (19.1) 1.02 (0.80-1.30)

<75years 88/615(14.3)  119/951 (12.5) 1.01(0.75-1.36)
BMI

> 30 kg/m? 49/322(15.2)  89/574(15.5) 1.02 (0.69-1.50)

<30 kg/m? 144/833 (17.3)  321/1,873 (17.1) 1.02(0.82-1.26)
Prior bleeding

Yes 20/80 (25.0) 477225 (20.9) 1.07(0.58-1.97)

No 175/1,090 (16.1)  375/2,313 (16.2) 1.01(0.83-1.24)
Kidney failure

Yes 11/52 (21.2) 50/202 (24.8) 0.63(0.28-1.41)

No 184/1,118 (16.5) 372/2,336 (15.9) 1.04(0.85-1.26)
Sex

Male 127/813 (15.6)  268/1,732 (15.5) 1.00(0.79-1.26)

Female 68/357(19.0)  154/806 (19.1) 1.01(0.74-1.38)
Diabetes

Yes 51/223(229)  62/302 (20.5) 1.13(0.75-1.71)

No 144/947 (15.2)  360/2,236 (16.1) 1.09(0.80-1.23)
PRECISE-DAPT score

225 46/190(24.2)  135/598 (22.6) 1.00 (0.69-1.44)

<25 146/968 (15.1)  252/1,766 (14.3) 1.07(0.85-1.33)
Previous MI

Yes 67/331(20.2)  149/848(17.6) 1.21(0.88-1.67)

No 128/839(15.3)  273/1,690 (16.2) 0.94(0.75-1.19)
Smoker

Yes 34/180(18.9)  44/281(15.7) 1.00 (0.60-1.68)

No 148/950 (15.6)  355/2,131(16.7) 1.00(0.81-1.22)
STEMI

Yes 82/520(15.8)  193/963 (20.0) 0.76 (0.56-1.02)

No 113/650(17.4)  229/1,575 (14.5) 1.26 (0.99-1.61)

Ticagrelor versus clopidogrel in ACS with DOAC

P-value for
interaction
0.79 ——
0.83 I |—:—| I
0.72 n—o;
0.42 I * —— I
0.95 I —— ———
0.66 l—:—i
0.82 I |—¢0—| I
0.27 ——
041 |—i—|
—_——
<0.01 e
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Favours ticagrelor Favours clopidogrel

Figure 3. Number of MACE per subgroup within one year of the index ACS event and adjusted hazard ratios with 95% CI and
p-values for interaction. The p-value in bold is statistically significant. *Adjusted for age, body mass index, sex, smoking, year of

the index ACS event, previous bleeding, diabetes, heart failure, hypertension, kidney failure, previous myocardial infarction,

previous stroke, ST-segment elevation myocardial infarction, and PRECISE-DAPT score. ACS: acute coronary syndrome;
BMI: body mass index; CI: confidence interval; HR: hazard ratio; MACE: major adverse cardiovascular events; MI: myocardial
infarction; PRECISE-DAPT: PREdicting bleeding Complications In patients undergoing Stent implantation and subsEquent
Dual AntiPlatelet Therapy; STEMI: ST-segment elevation myocardial infarction

of MACE in patients without STEMI remains unclear.
Residual confounding cannot be excluded. Interestingly,
diabetes and obesity were not identified as effect modifiers,
despite previous associations with clopidogrel resistance in
these populations.!-12

Regarding bleeding, our results demonstrating an
associated increased risk of bleeding are consistent with
a previously published unadjusted analysis reporting 52%
higher odds of bleeding.?’ Furthermore, these results align
with previous literature indicating that ticagrelor, compared
with clopidogrel, may increase the risk of bleeding.?
Interestingly, the ticagrelor group had a lower prevalence
of characteristics associated with a higher risk of bleeding,
such as lower age, prior bleeding, kidney failure, stroke,
and a lower PRECISE-DAPT score. Thus, patients with
a lower risk of bleeding seem more often to be prescribed
ticagrelor. Residual confounding cannot be excluded,

and one may speculate that such bias would make the
association even more pronounced. Indeed, the crude
HR implied a statistically non-significant 30% increase,
whereas the adjusted HR showed a statistically significant
53% increase. Furthermore, exploratory subgroup analyses
revealed that age, BMI, prior bleeding, and STEMI were
effect modifiers. However, the number of events were
too few to allow for adjusted analyses, and the findings
carry a substantial risk of confounding. Nevertheless, it
has previously been shown in patients treated with dual
antiplatelet therapy that older age is associated with an
increased risk of bleeding with ticagrelor versus clopidogrel,
with non-inferiority shown for the net clinical benefit.?*
In the sensitivity analysis restricted to major bleeding,
we observed a non-statistically significant trend towards
a higher bleeding risk associated with ticagrelor compared
with clopidogrel, with an adjusted HR that was similar
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to that of the main analysis. One could speculate that the
non-statistically significant result may reflect a lack of
statistical power as there were 45% fewer bleeding events
in this analysis compared with the main analysis.

Overall, our results are consistent with current European
and North American guidelines from 2024 and 2025,
respectively, which recommend clopidogrel as the preferred
choice of P2Y,, inhibitor.” Interestingly, European guidelines
from 2016 and 2020 as well as North American guidelines
from 2018 and 2021 also recommend clopidogrel as the
preferred choice.?2® As our study only includes patients
with ACS, it remains uncertain whether our findings can
be extrapolated to patients with stable angina undergoing
PCI. However, a subgroup analysis of an RCT in patients
with atrial fibrillation undergoing PCI reported that a less
intensive antithrombotic regimen consisting of dual therapy
with a P2Y , inhibitor and dabigatran was favoured over
triple therapy with warfarin, a P2Y , inhibitor, and aspirin,
in both ACS and elective procedure settings.?” These results
may suggest that for both those with ACS and elective PCI,
reducing antithrombotic intensity could be beneficial. In
addition, current European guidelines recommend a less
potent antiplatelet strategy in patients with stable angina
compared with those presenting with ACS, reflecting the
lower thrombotic risk in this group.’®3! Taken together,
these observations could support the hypothesis that
our results, which indicate a beneficial association of
less intensive antithrombotic treatment with clopidogrel
compared with ticagrelor in orally anticoagulated patients
with ACS who are not treated with aspirin, may also extend
to patients with stable angina undergoing PCIL. Nonetheless,
such interpretations should be made with caution: dedicated
studies in this population are lacking. Interestingly, in an
RCT investigating non-orally anticoagulated ACS patients,
prasugrel was reported to be superior to ticagrelor regarding
MACE, but with similar rates of bleeding.?? As our data
included few patients who were treated with prasugrel, we
focused on ticagrelor versus clopidogrel. Thus, whether
our results extend to prasugrel remains unknown. Future
investigations evaluating prasugrel in this patient population
would be of interest.

A key strength of the present study is the use of nationwide
registry data, which enhances generalisability by reflecting
outcomes in routine clinical practice across an entire
population. Furthermore, our registry data include important
variables that enable us to take crucial aspects into account
in adjustment models. Additional strengths include that the
sensitivity analyses with differing amounts of censoring, as
well as the IPTW analysis, demonstrated that the main results
were robust.

Limitations

Limitations include the fact that the comparison groups
differed in terms of several characteristics, and even if
adjustments were made to account for these differences,
residual confounding cannot be excluded. Additionally,
information regarding some important aspects was not
available in our data, such as the clinical indication for the
treatment with a DOAC, drug dosages, and the patients’
CYP2C19 function. Furthermore, we had to assume that the
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P2Y,, inhibitor prescribed at discharge reflected the P2Y ,
inhibitor prescribed during the initial admission. Another
limitation of our study is that the data required to calculate
the most recent score, the PRECISE-High Bleeding Risk
score,’ were not available, and the PRECISE-DAPT score
had to be used instead. Moreover, a standardised bleeding
classification could not be applied to our bleeding outcome,
because our data lack information on haemoglobin and
haematocrit decline, as well as documentation of the
haemodynamic consequences of the bleeding.’* Finally,
the number of bleeding events were too few to allow for
adjusted subgroup analyses.

Conclusions

In ACS patients on DOACs undergoing PCI, ticagrelor
was associated with a higher bleeding risk compared with
clopidogrel, with no favourable associations regarding the
risks of MACE, mortality, or ML
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BACKGROUND: Catheter-based renal denervation (RDN) is a guideline-recommended therapy for uncontrolled
hypertension. Late-term follow-up among RDN trials is essential to characterise the durability of its efficacy, and
further study is needed to ascertain the proportion of patients experiencing a clinical benefit.

AIMS: We aimed to evaluate 36-month blood pressure (BP) changes after radiofrequency (RF)-RDN across four
clinical studies from the SPYRAL programme and to determine the proportion of patients who experienced a clinical
benefit.

METHODS: Data were pooled from the Global SYMPLICITY Registry DEFINE, SPYRAL First-In-Human, and
SPYRAL HTN-OFF MED and -ON MED trials. All patients were treated with RF-RDN (Symplicity Spyral).
Medications, BP changes, and adverse events were evaluated through 36 months.

RESULTS: A total of 2,137 patients treated with RF-RDN using the Spyral device were included in the analysis.
Baseline office systolic (OS)BP was 163+23 mmHg, baseline 24-hour ambulatory systolic (AS)BP was 152=17 mmHg,
and the baseline number of antihypertensive medications was 3.8+2.1. At 36 months, the number of medications was
3.5£1.9, and reductions in OSBP and ASBP were significant (-18.1+23.4 mmHg and —13.3+17.6 mmHg, respectively;
p<0.0001). Overall, adverse event rates were low. The proportion of patients who experienced a reduction in OSBP
>10 mmHg, ASBP >5 mmHg, and/or >1 medication was 88% at 36 months.
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CONCLUSIONS: In this large, pooled cohort of Spyral RF-RDN patients, there were significant BP reductions through
36 months with few adverse events. Additionally, nearly 9 out of 10 patients experienced a clinical benefit. These
findings suggest the long-term efficacy and safety of RF-RDN across a broad spectrum of patients with uncontrolled
hypertension.

KEYWORDS: blood pressure reduction; renal denervation; uncontrolled hypertension
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ypertension is the leading modifiable risk factor for
Hcardiovascular disease and remains a major global

health challenge, affecting more than 1 billion adults
worldwide.!> Despite the established efficacy of lifestyle
interventions and antihypertensive (AH) medications,
adherence remains poor, and a significant proportion of
hypertensive patients have persistent uncontrolled blood
pressure (BP), underscoring the
therapeutic options to achieve and maintain BP control.*
Catheter-based renal denervation (RDN) is a minimally
invasive, guideline-recommended procedure that targets
sympathetic nerves in the renal arteries, offering a novel
approach to treat hypertension.”® Multiple randomised,
sham-controlled trials and global registries have demonstrated
the safety and efficacy of RDN, both in the presence and
absence of AH medications.”'* Although the results of recent
pooled studies and meta-analyses across numerous different
populations and device types suggest a consistent, durable
BP-lowering effect with RDN,'>!8 a systematic assessment of
the long-term efficacy and safety of RDN using the latest-
generation, U.S. Food and Drug Administration-approved,
Symplicity Spyral multielectrode radiofrequency (RF) catheter
(Medtronic) remains warranted. Moreover, while multiple
studies have investigated which patients are most likely to
experience a clinical benefit after the procedure, only higher
preprocedure baseline BP has been consistently associated
with future BP response.'>!® However, a broader question
remains unaddressed that is essential to informing practice:
what proportion of patients experience a meaningful clinical
benefit after RDN?

We leveraged comprehensive follow-up data from over
2,000 patients in the SPYRAL clinical trial programme,
including the Global SYMPLICITY Registry (GSR) DEFINE,
SPYRAL First-In-Human (FIH), and the SPYRAL HTN-OFF
MED and -ON MED trials to evaluate long-term changes
in BP, prescribed AH medications, and safety outcomes
among RDN patients treated with the Spyral device through
3 years.”'%121% Additionally, we evaluated the proportion of
hypertensive patients who experienced a clinical benefit after
undergoing RDN with the Spyral device.

Methods

STUDY DESIGNS AND PATIENT POPULATION

This post hoc analysis included patients from GSR DEFINE
who were treated with the latest-generation Spyral catheter,
those included in SPYRAL FIH, and those randomised to
the RDN cohorts from the randomised controlled SPYRAL
HTN-OFF MED and -ON MED trials.”!2 Details of the study
designs have been previously published.!??%2! Follow-up
through 3 years was prespecified for all 4 studies. GSR
DEFINE is an all-comers, real-world, international registry
evaluating the safety and efficacy of RF-RDN. SPYRAL FIH
was a feasibility study of the Symplicity Spyral RF-RDN
catheter in patients with an office systolic BP 2160 mmHg,

need for alternative

Impact on daily practice

Renal denervation (RDN) is a guideline-recommended
therapy for uncontrolled hypertension. In this study, 3-year
blood pressure (BP) changes and the proportion of patients
who experienced a clinical benefit after RDN using the
Symplicity Spyral device were evaluated. BP reductions
after RDN were significant and were sustained over the
long term, with nearly 9 out of 10 patients experiencing
a clinical benefit.

or 2150 mmHg for those with type 2 diabetes, despite
prescription of 23 AH medication classes. The SPYRAL
HTN-OFF MED and SPYRAL HTN-ON MED studies
were global, randomised, blinded, sham-controlled trials
evaluating the safety and efficacy of RF-RDN using the
Spyral device in the absence or presence of AH medications,
respectively. Eligible patients had an office systolic BP 2150
and <180 mmHg, an office diastolic BP >90 mmHg, and
a 24 h ambulatory systolic BP 2140 and <170 mmHg. In the
OFF MED trial, enrolled patients remained off medications
for the first 3 months, whereas in the ON MED trial, patients
were prescribed a stable regimen of 1-3 AH medications
through 6 months.

PROCEDURE

The procedure was performed using the Symplicity Spyral
multielectrode RDN catheter and the Symplicity G3 RDN
RF generator (Medtronic) to deliver circumferential RF
ablation to the renal arteries and all accessible branch vessels
with diameters of 3-8 mm.!? All cases were performed by
an experienced operator and, in the case of the OFF and
ON MED trials, were also case-supported according to
predetermined treatment plans.

FOLLOW-UP

Patients had planned follow-up at 3, 6, 12, 24, and 36 months.
Office and 24 h ambulatory BP, medication information,
and adverse events - including renal artery stenosis, stroke,
death, cardiovascular death, myocardial infarction (MI), and
hospitalisation for a hypertensive emergency or crisis - were
recorded at each follow-up.

STATISTICAL ANALYSIS

Categorical percentages and
counts (N), whereas continuous variables are reported as
meanzstandard deviation. Changes in continuous variables
from baseline to follow-up were evaluated using paired
t-tests. Patients with complete follow-up at 36 months versus
those without were compared using Fisher’s exact test for
categorical variables and t-tests for continuous variables.
The cumulative proportions of subjects who experienced
adverse events across all studies were summarised based on

variables are shown as

Abbreviations
AH antihypertensive
BP blood pressure

FIH first-in-human
RF-RDN radiofrequency renal denervation
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available follow-up. Mixed models for repeated measures
were fitted with office and ambulatory systolic BP as outcome
variables. The models included the study, baseline BP, and
the number of AH medications over time as fixed effects;
subject was included as a random effect using a first-order
autoregressive covariance structure. As a separate analysis,
we calculated the proportion of patients that experienced
either a 210 mmHg office systolic BP reduction, a =5 mmHg
24 h ambulatory systolic BP reduction, a reduction of 21 AH
medication, or a combination thereof. For this analysis,
we considered all Spyral-treated patients who completed
36-month follow-up and had uncontrolled BP (office systolic
BP 2140 mmHg) at baseline.

ROLE OF THE FUNDING SOURCE

All studies were funded by Medtronic. The executive
committees, in collaboration with the funder, designed
the protocols and identified suitable clinical sites for the
studies. The funder was responsible for transparent data
collection, monitoring, and analysis. The lead author wrote
the manuscript with contributions from the co-authors and
copyediting assistance from the funder. Medtronic aided
in figure preparation, table generation, and manuscript
formatting. All authors had full access to the data and were
solely responsible for the submission for publication. The
data are proprietary; however, they may be available upon
reasonable request to the first author.

Results

PATIENT CHARACTERISTICS

As of September 2025, data were pooled from 2,137 patients
treated with the Symplicity Spyral device across the 4 studies
of the SPYRAL clinical programme (Central illustration).
Patient demographics at baseline are provided in Table 1. At
baseline, patients were 58+13 years old, and 38.8% were
female. Baseline office and 24 h ambulatory systolic BPs were
163+23 mmHg and 152+17 mmHg, respectively. The mean
number of AH medications at baseline was 3.8+2.1. Among
pooled patients, 3.6% had a history of MI, 29.9% had type
2 diabetes, 3.3% had prior stroke, 18.2% had sleep apnoea,
7.9% had atrial fibrillation, and 34.2% had a history of
smoking. The mean estimated glomerular filtration rate (¢GFR)
was 78.1+25.4 mL/min/1.73 m?, with 22.0% having chronic
kidney disease (eGFR <60 mlL/min/1.73 m?). Procedural
characteristics are provided in Supplementary Table 1.

BLOOD PRESSURE CHANGES AND MEDICATIONS THROUGH
36 MONTHS

In GSR, follow-up through 36 months is still ongoing for
many patients, with 24% (401/1,699) and 12% (208/1,699)
having completed 36-month office BP and 24 h ambulatory BP
measures, respectively, as of March 2025. Importantly, it was
not mandated that 24 h ambulatory BP measures be collected
in GSR. In the SPYRAL First-In-Human, OFF MED, and
ON MED studies, 82% (41/50), 85% (154/182), and 85%
(175/206) of patients, respectively, completed their 36-month
office BP measures, and 70% (35/50), 71% (129/182), and
75% (155/206), respectively, completed their 36-month 24 h
ambulatory BP measures. At 36 months after RF-RDN, the
pooled patient cohort had statistically significant reductions in

Clinical benefit of RDN through 3 years

office systolic BP (-18.1+23.4 mmHg), 24 h ambulatory systolic
BP (-13.3+17.6 mmHg), office diastolic BP (-8.1+13.9 mmHg),
and 24 h ambulatory diastolic BP (-8.7+10.6 mmHg; p<0.0001
for all) (Central illustration, Supplementary Figure 1). Among
a matched patient cohort with available follow-up through
36 months, BP reductions increased over time (Supplementary
Figure 2). A mixed model - accounting for missing data, baseline
BP, differing studies, and changing medications throughout
long-term follow-up - yielded similar results (Supplementary
Figure 3). The benefit of RDN was observed throughout the
24-hour period, with significant systolic and diastolic BP
reductions at 36 months during both daytime and nighttime
(Figure 1). The pooled patient population had greatly improved
BP control after RF-RDN through 36 months (Figure 2). The
number of AH medications among the pooled cohort from
baseline to 36 months is plotted in Figure 3. At 36 months, the
mean eGFR among pooled Spyral patients was 75.6+23.2 mL/
min/1.73 m?.

PROPORTION OF PATIENTS EXPERIENCING A CLINICAL
BENEFIT AFTER RDN

Among the evaluable patients at 36 months (n=428)
(Supplementary Table 2), 87.6% experienced either a 10 mmHg
or greater reduction in office systolic BP, a 5 mmHg or greater
reduction in 24 h ambulatory systolic BP, and/or the reduction
of at least 1 AH medication (Figure 4). As a sensitivity
analysis, we also calculated the proportion of patients who
experienced a clinical benefit without any increase in either
office or 24 h ambulatory BP (Supplementary Figure 4). The
proportion of patients experiencing a clinical benefit by study
is provided in Supplementary Table 3. The mean office and
24 h ambulatory systolic BP changes at 36 months in this
cohort were -22.6x18.1 mmHg and -16.3x16.0 mmHg,
respectively. The number of medications in this subgroup was
2.3+2.2 at baseline and 2.9+1.8 at 36 months.

CLINICAL OUTCOMES THROUGH 36 MONTHS

Safety events were uncommon through 36 months after
RF-RDN (Supplementary Table 4). The rate of renal artery
stenosis was 0.1% (1/1,000), with 1 patient identified as
having renal artery stenosis greater than 70%. However,
this patient declined confirmatory imaging of renal artery
stenosis by angiography. No patient required renal artery
reintervention or stent implantation through 36 months
after treatment with the Spyral device. The rates of death,
cardiovascular death, myocardial infarction, and stroke
were 5.2%, 2.5%, 1.8%, and 4.5%, respectively. The
rate of hospitalisation for hypertensive crisis was 2.2%.
Among the patients who experienced a 10 mmHg or
greater reduction in office systolic BP, a § mmHg or greater
reduction in 24 h ambulatory systolic BP, or the reduction of
at least 1 AH medication, the rates of death, cardiovascular
death, myocardial infarction, stroke, and hospitalisation
for hypertensive crisis were 0.0%, 0.0%, 1.1%, 1.1%, and
1.1%, respectively.

Discussion

This study pooled data from 2,137 patients treated with
the Spyral device in the SPYRAL clinical programme.
Through 36 months after RF-RDN, patients experienced

Eurolntervention 2026;22:585-593 ¢ David E. Kandzari et al.

587



588

Eurolntervention

Central lllustration

device.

Flowchart and blood pressure changes among pooled patients treated with the Spyral radiofrequency RDN

A

B SPYRAL First-In-Human SPYRAL HTN-OFF MED Pivotal
(N=50) (N=182)

SPYRAL HTN-ON MED
(N=206)

Global SYMPLICITY Registry
DEFINE (N=1,699)

S

Pooled RF-RDN patient? trgalgsl)i with Symplicity Spyral

Analyses up to 36 months of follow-up:

Proportion of patients that experience

-10 4

~15

Systolic BP change (mmHg)

-20

Change from baseline (p<0.0001 for all)

—25

Blood pressure changes Kidney function Adverse clinical events aclinical benefit?
( 6 months 12 months 24 months 36 months

Baseline systolic (mmHg): 163 152

David E. Kandzari et al. ® Eurolntervention 2026;22:585-593 e DOI: 10.4244/E1J-D-26-00161

Data from 2,137 patients treated with the Spyral radiofrequency renal denervation device (A) were pooled from 4

studies: SPYRAL First-In-Human, SPYRAL HTN-OFF MED, SPYRAL HTN-ON MED, and the Global SYMPLICITY
Registry DEFINE (B). Among pooled Spyral patients, the office (blue) and 24 b ambulatory (red) systolic BP changes from
baseline to 36 months were statistically significant (C). BP: blood pressure; RF-RDN: radiofrequency renal denervation

-18.1
+234

W Office M 24 h ambulatory

statistically significant and clinically meaningful reductions
in office and 24-hour ambulatory systolic and diastolic
blood pressure. Overall, the rates of office and ambulatory
BP control improved over time, highlighting the sustained
efficacy of RDN. Adverse events were rare through long-
term follow-up with few procedure-related complications.

Numerous single-arm and randomised controlled studies
have demonstrated the sustained efficacy of RDN through

Eurolntervention 2026;22:585-593 ¢ David E. Kandzari et al.

3 years of follow-up.'”?> In the present study, the persistent
BP reductions considerably exceeded the treatment effect of
a single AH medication.?® The observation of continual BP
lowering through long-term follow-up and in the absence
of escalating medications is a consistent finding following
RF-RDN." Although the biological mechanisms for this
finding remain uncertain, attenuation of the neurohormonal
system, vascular remodelling with reduced peripheral vascular



Table 1. Patient baseline characteristics.

T onked saymal (n=2,137)

Office systolic BP, mmHg 163+23
Office diastolic BP, mmHg 93+16
24 h ambulatory systolic BP, mmHg 152+17
24 h ambulatory diastolic BP, mmHg 90+14
Age, years 58+13
Male 61.2 (1,308)
BMI, kg/m? 30.6+6.4
eGFR, mL/min/1.73 m? 78.1£25.4
CKD (eGFR <60 mL/min/1.73 m?) 22.0 (454)
Previous myocardial infarction 3.6 (76)
Type 2 diabetes mellitus 29.9 (630)
Prior stroke 3.3(68)
Heart failure 3.3(70)
Sleep apnoea 18.2 (354)
Atrial fibrillation 7.9 (166)
Number of antihypertensive 3.842.1

medications

Data are presented as mean=SD or % (n). BMI: body mass index;
BP: blood pressure; CKD: chronic kidney disease; eGFR: estimated
glomerular filtration rate; SD: standard deviation

Clinical benefit of RDN through 3 years

resistance, and resetting baroreflex physiology have been
hypothesised.

Measurement of BP is an established surrogate
endpoint, 2?7 with a § mmHg reduction in office systolic
BP being associated with a 10% reduction in the risk of
major adverse cardiovascular events.”> Among patients with
all evaluable measures through 36 months, nearly 9 out of
10 experienced a clinical benefit after RDN, indicated by
an office systolic BP reduction of at least 10 mmHg, a 24 h
ambulatory systolic BP reduction of at least 5§ mmHg,
a reduction of at least 1 AH medication, or a combination
thereof. In real terms, these results provide practical guidance
for treating clinicians to inform late-term expectations as part
of clinical decision-making with patients. Two recent linear
regression models investigating the BP response in patients
from the SPYRAL clinical programme, both of which included
a subcohort of Spyral-treated patients, found that baseline BP
was the only consistent patient characteristic associated with
expected BP changes after RDN.'>'¢ Similarly, BP response
to pharmacotherapy is also dependent on the baseline or
starting blood pressure.”®? Even in the absence of other
identified variables predictive of a BP-lowering effect after

A 6 months

12 months

)
T
£
E
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©
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©
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Figure 1. Daytime and nighttime systolic and diastolic ambulatory BP changes through 36 months. The daytime (blue) and
nighttime (red) systolic (A) and diastolic (B) BP changes of the pooled Spyral cobort from baseline through 36 montbs are

plotted. BP: blood pressure

24 months 36 months
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Baseline diastolic (mmHg): 93 83
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Figure 2. Distribution of office systolic BP reductions after RDN at 36 months. The proportion of patients in the indicated office
systolic BP ranges from baseline to 36 months are plotted. BP: blood pressure; RDN: renal denervation

Number of AH medications

6 months 12 months 24 months 36 months

Baseline

Figure 3. Antibypertensive medications among pooled Spyral
patients through 36 months. The number of prescribed
antibypertensive (AH) medications from baseline up to

36 months are plotted.

RDN, it is reassuring that nearly 90% of patients experience
some meaningful benefit.

It remains to be seen whether other patient or procedural
characteristics might also be associated with BP response.
However, individuals who remain hypertensive despite adherence
to lifestyle modifications and prescribed AH medications should
be prioritised for consideration for RDN. This is consistent
with multiple recent hypertension guidelines.®3%! Patients
that should be especially considered for RDN are those taking
multiple AH medications and those who wish to reduce their
medication burden. Polypharmacy risks increased incidence of

Eurolntervention 2026;22:585-593 ¢ David E. Kandzari et al.

side effects, non-adherence, and medication intolerance.’33 By
reducing the number of prescribed AH medications, patients
may also have considerable improvements in their quality
of life.** The results herein, coupled with increased patient
awareness of interventional treatment options, should serve to
inform the shared decision-making process between physicians
and their patients in shaping a personalised hypertension
management plan.3*3¢

Limitations

This study has several limitations. Patients’ data were pooled
across 4 different studies with varying study designs, inclusion
criteria (or lack thereof), and prescribed AH medication
regimens (or lack of AH medications, in the instance of the
OFF MED trial). Due to the heterogeneity of the pooled
studies, results should be regarded as descriptive rather than
confirmatory. In the two randomised controlled trials, after
the primary endpoint was ascertained, treating clinicians were
encouraged to lower patients’ BP if it remained uncontrolled,
which necessarily increased patients’ medication burden. Due
to the inclusion of patients from the GSR and FIH study, and
because the majority of sham-control patients crossed over
to undergo RDN after the primary endpoint, blood pressure
reductions are not sham adjusted. Thus, the results presented
for the long-term durability of the procedure do not include
comparative data. Not all patients had continuous follow-up
through 36 months, as some have not reached 36 months
since the procedure. Patients from the GSR did not undergo
systematic imaging of the renal arteries or adjudication at
later timepoints. Therefore, late renal function complications
may have been underreported.
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100 100
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80 80 7 13.1%
2 60 60 —
QD
s
5
32 40 40
20 — 20

At least one
criterion

Office SBP
reduction
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Figure 4. The proportion of patients experiencing a clinical benefit 36 months after RDN. The proportion of patients
experiencing a clinical benefit (green) is broken down into its non-mutually exclusive components (red). AH: antibypertensive;

RDN: renal denervation; SBP: systolic blood pressure

Conclusions

In this large, pooled dataset of patients treated with the
Symplicity Spyral RF-RDN catheter, there were statistically
significant and clinically meaningful BP reductions through
36 months with few adverse events. Sensitivity analyses
including a matched analysis and mixed model showed
similar efficacy results. Additionally, rates of systolic blood
pressure control improved over time. Moreover, nearly 9 out
of 10 patients experienced a clinical benefit. These findings
are consistent with the durable efficacy and safety of RF-RDN
in hypertensive patients with a wide range of demographics.
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the prognostic implications of non-culprit plaque rupture

and thin-cap fibroatheroma (TCFA) assessed by three-
vessel optical coherence tomography (OCT) in patients
with ST-segment elevation myocardial infarction (STEMI).!
The authors should be congratulated for assembling a large
imaging cohort with extended follow-up and for addressing
the clinically important concept of pancoronary vulnerability.
Nonetheless, several clinical and practical considerations
deserve emphasis.

First, the discordance between patient-level and lesion-
level associations of plaque
highlights the persistent challenge of attributing future
events to specific non-culprit plaques. Previous prospective
imaging studies, including PROSPECT and its successor
investigations, have shown that although vulnerable
plaques are common, only a minority of them lead to
clinical events, suggesting that plaque morphology alone
has limited predictive value at the lesion level.>* This
uncertainty may explain the wide confidence intervals
observed in the current study.

In addition, the finding that TCFA - but not rupture
— predicts outcomes should be interpreted cautiously. OCT-
defined TCFA represents a structural surrogate rather than
a direct measure of biological instability. Cap thickness
measurement is subject to imaging artefacts, thrombus
masking, and segmentation variability, and vulnerable
morphology frequently coexists with systemic inflammatory
and metabolic drivers of risk.*® Consequently, TCFA may
reflect overall disease activity rather than the fate of focal
lesions.

Furthermore, the clinical implications of detecting non-
culprit plaque rupture Contemporary
STEMI management already mandates aggressive secondary

Iread with great interest the study by Zhao et al, evaluating

rupture with outcomes

remain unclear.

© Europa Group 2026. All rights reserved.

prevention, including high-intensity lipid-lowering therapy,
prolonged antithrombotic treatment, and comprehensive risk
factor control, irrespective of plaque morphology.” Without
evidence that OCT-guided identification of vulnerable plaques
modifies treatment or improves outcomes, the incremental
value of routine three-vessel OCT remains uncertain.

And finally, the invasive nature, additional contrast load,
procedural time, and cost of multivessel OCT limit its general
applicability, particularly in unstable STEMI presentations
or resource-limited settings. Prior work has consistently
suggested that risk is predominantly patient level rather than
lesion level, reinforcing the importance of systemic therapeutic
strategies over focal preventive interventions.>*

In summary, the present study adds important evidence
supporting the concept of pancoronary instability in STEMIL
However, it also underscores the unresolved gap between
imaging-defined vulnerability and actionable clinical decision-
making. Future trials should determine whether identifying
high-risk plaque phenotypes can guide intensified systemic
therapies strategies to improve patient
outcomes.

or surveillance
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Reply: Non-culprit plaque rupture in STEMI — marker of vulnerability

or actionable risk?

Jiannan Dai'>34 MD, PhD; Jiawei Zhao'?, MD; Bo Yu!***, MD, PhD
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e thank Dr Hudzik for his interest in our study and
; R / the important points raised regarding non-culprit
plaque rupture and thin-cap fibroatheroma (TCFA)

in patients with ST-segment elevation myocardial infarction
(STEMI).! We appreciate the opportunity to respond.

In our study,? patients with non-culprit plaque rupture had
a higher incidence of non-culprit lesion-related major adverse
cardiac events. As mentioned in the discussion section, this
may be explained by differences in underlying mechanisms
and baseline characteristics. Notably, all 35 non-culprit lesion-
related events originated from lesions without plaque rupture
at baseline, and multivariable analysis showed no independent
association between non-culprit plaque rupture and adverse
outcomes. Instead, our findings suggest that non-ruptured
TCFA - not plaque rupture — is the key predictor of long-
term clinical events, underscoring the importance of plaque
phenotype rather than rupture status in disease progression.

We agree that optical coherence tomography (OCT)-
defined TCFA is a structural surrogate, not a direct marker
of biological instability. Nonetheless, OCT offers superior
spatial resolution for fibrous cap measurement.> Accumulating
evidence supports the prognostic value of OCT-defined TCFA
as a high-risk plaque phenotype.** Most notably, in the
large observational study of patients with acute myocardial
infarction, Jiang et al # validated the prognostic utility of OCT
for identifying high-risk patients and provided robust lesion-
specific risk evidence for TCFA. Their findings demonstrated
that OCT imaging of the three main epicardial arteries
is sufficient for prognostication, supporting the concept
that targeted imaging of mild angiographic abnormalities
may identify most high-risk patients and lesions. This has
important implications for promoting OCT as a practical tool
for risk stratification in daily clinical practice.

© Europa Group 2026. All rights reserved.

Our study was not intended to suggest that OCT-guided
identification of vulnerable plaques should alter current
therapeutic strategies. Rather, we aimed to advance
the understanding of pancoronary vulnerability and its
relationship to clinical outcomes. We believe that future
trials are essential to determine whether identifying high-risk
plaque phenotypes can lead to potential benefit from local
treatment. Indeed, the ongoing OCT-CONTACT trial is
testing this hypothesis (ClinicalTrials.gov: NCT04878133).°6

We acknowledge these limitations and did not intend to
advocate for routine three-vessel OCT in clinical practice.
Our study was designed as a mechanistic investigation to
understand the relationship between plaque morphology
and outcomes. Indeed, 160 eligible patients (12.7%) were
excluded from analysis because of suboptimal image quality
or massive thrombus.

In summary, we thank Dr Hudzik for his thoughtful
engagement with our work. We agree that the gap between
imaging-defined vulnerability and actionable clinical decision-
making remains unresolved. Our study adds to the growing
body of evidence supporting the concept of pancoronary
instability in STEMI, while highlighting that non-ruptured
TCFA, rather than plaque rupture itself, may better identify
patients and lesions at increased risk. We hope that future
trials will build upon these observations to determine whether
plaque phenotyping can ultimately improve patient outcomes
through personalised therapeutic strategies.
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Strengthening your cardiovascular care pathway in times
of disruption: a practical tool for European hospitals

William Wijns', MD, PhD; Sandrine Wallace?; on behalf of the RESIL-Card consortium

ardiovascular disease (CVD) remains the leading
cause of death in Europe. Despite major advances
in diagnosis and treatment, recent crises - from
pandemics to geopolitical instability - have exposed the
vulnerability of healthcare systems to disruption. In a
global health landscape increasingly shaped by uncertainty,
proactive preparedness is no longer optional; it is essential.

To address this challenge, at the initiative of the PCR
community, the RESIL-Card project' supports European
cardiovascular professionals in strengthening the resilience
of their care pathways. Co-funded by the European Union
(EU) under the EU4Health Programme, the initiative has
developed and launched a practical, evidence-based tool to
help hospitals anticipate disruptions and maintain timely,
high-quality cardiovascular care when systems are under
pressure.

At the heart of the RESIL-Card tool is a structured self-
assessment and improvement framework facilitated by
interventional cardiovascular teams. The tool guides users
through four steps to evaluate the preparedness of their care
pathways across six resilience dimensions that influence care
delivery during periods of stress.

Through this collaborative process,
resilience teams - including clinicians, nurses, managers,
patients and other stakeholders — map how care is currently
organised, identify vulnerabilities and prioritise improvement
actions. The result is a visual heatmap highlighting strengths
and gaps, supported by practical recommendations and good
practice examples identified across Europe.

By using the tool, you can strengthen your capacity to
maintain timely diagnosis and treatment for patients with
acute and chronic cardiovascular conditions, even during
crises. It improves internal coordination, supports strategic

multidisciplinary

© Europa Group 2026. All rights reserved.

planning and helps hospitals align with broader preparedness
and resilience objectives at national and European levels.

A distinctive feature of the project is its co-creation
approach. Rather than being designed in isolation, the tool
was developed in collaboration with stakeholders across the
cardiovascular care pathway. Interventional cardiologists,
nurses, hospital managers, emergency medical services, public
health experts and patient representatives contributed their
perspectives to ensure the tool reflects real-world clinical and
organisational needs. The underlying methodology has been
described in a publication,? highlighting the value of structural
multistakeholder collaboration in designing practical health
system solutions.

Importantly, RESIL-Card is not a theoretical exercise.
The tool has been tested and validated in real-life clinical
environments by interventional teams in several European
hospitals. During these pilots, teams assessed its usability
and practical value in helping institutions maintain essential
cardiovascular services. Their feedback helped refine the tool
to ensure both practicality and adaptability across diverse
healthcare contexts in Europe.

The RESIL-Card initiative is led by a multidisciplinary
consortium coordinated by We CARE,*> PCR’ advocacy
group within the non-profit We CARE Alliance, which also
hosts the global programmes Stent-Save a Life and SHARE.
Together with academic institutions, clinical experts, health
system specialists and patient representatives from across
Europe, they translated research insights and frontline
experience into practical solutions for implementation by
cardiovascular teams.

The initiative is also aligned with key European strategic
priorities. It supports OECD recommendations on health
system resilience and contributes to the objectives of the

The opinions expressed in this article are not necessarily those of the Editors of Eurolntervention.



CONTINUITY OF CARDIOVASCULAR

CARE IS KEY AT ALL TIMES.

HOW RESILIENT IS YOUR CARE

PATHWAY UNDER PRESSURE?

Vg
RESIL-Card

Strengthening cardiovascular care
resilience for healthier hearts

Crises affect healthcare systems, as shown by the impact of the
COVID-19 pandemic on cardiovascular care and patient outcomes:

Increased
morbidity
and mortality

T

Reduction of
interventional
procedures

.

Delayed hospital
presentations and
fewer admissions

=2

More long-term Increased
complications and societal
reduced life expectancy costs

o

THE RESIL-CARD TOOL HELPS HOSPITAL
CARDIOVASCULAR PROFESSIONALS IMPROVE
SYSTEMS' RESILIENCE AND ENSURE CONTINUITY

OF LIFESAVING CARE DURING

The tool addresses
6 key resilience dimensions...

Workforce  Care delivery
e Health protection X | e Flexible infrastructure
and well being ampmmm o (V prioritisation
e Shortages E e Care reorganisation
e Reallocation e [nnovations
Governance  Communication
*Roles, processes o060 e Patients, public
* Tools [ ] ,@\ e Professionals
o Trust P N » e Other sectors

Medical devices Data

e Supply chain e Pre-defined data
management j\[ collection
o Flexibility e Data interoperability

BE PREPARED FOR THE NEXT CRISIS.

THE RESIL-CARD TOOL.

Co-funded by
the European Union

** %
* *
* *
* *

CRISES.

... and includes:
oA care pathway & o Q
stakeholder mapping —
exercise Q___“:;

oA preparedness checklist
generating a heatmap

e Resources to develop an
action plan

Eurolntervention 2026;22:598-600 ¢ William Wijns et al.

‘ 599



600

Safe Hearts Plan, which promotes improved prevention and
management of CVD across Europe. It also reinforces the
ambitions of the European Union Prevention, Preparedness
and Response Plan to strengthen health system resilience
against future crises.

As the tool is designed “by and for” the cardiovascular
community, interventional cardiologists, nurses, cathlab
managers, hospital administrators and multidisciplinary
teams all have a role to play in maintaining continuity of care
for patients with CVD.

The project has now entered its broad implementation
phase, and the consortium is inviting cardiovascular hospitals
and professionals across the EU to implement the tool within
their institutions.

In doing so, teams will strengthen their own preparedness
and demonstrate their commitment to safeguarding
cardiovascular care in all Ultimately,
preparedness is not only about systems or processes - it is

circumstances.

Eurolntervention 2026;22:598-600 ¢ William Wijns ef al.

about protecting what matters most to us: ensuring that every
cardiovascular patient can rely on continuous, high-quality
care, even when the unexpected happens.
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