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ABSTRACT

Introduction: Over the course of 2021, numer-
ous key clinical trials with valuable contribu-
tions to clinical cardiology were published or
presented at major international conferences.
This review seeks to summarise these trials and
reflect on their clinical context.

Methods: The authors reviewed clinical trials
presented at major cardiology conferences dur-
ing 2021 including the American College of
Cardiology (ACC), European Association for
Percutaneous Cardiovascular Interventions
(EuroPCR), European Society of Cardiology
(ESC), Transcatheter Cardiovascular Therapeu-
tics (TCT), American Heart Association (AHA),
European Heart Rhythm Association (EHRA),
Society for Cardiovascular Angiography and
Interventions (SCAI), TVT-The Heart Summit
(TVT) and Cardiovascular Research Technolo-
gies (CRT). Trials with a broad relevance to the
cardiology community and those with potential
to change current practice were included.
Results: A total of 150 key cardiology clinical
trials were identified for inclusion. Interven-
tional cardiology data included trials evaluating
the wuse of new generation novel stent
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technology and new intravascular physiology
strategies such as quantitative flow ratio (QFR)
to guide revascularisation in stable and unsta-
ble coronary artery disease. New trials in acute
coronary syndromes focused on shock, out of
hospital cardiac arrest (OOHCA), the impact of
COVID-19 on ST-elevation myocardial infarc-
tion (STEMI) networks and optimal dura-
tion/type of antiplatelet treatment. Structural
intervention trials included latest data on tran-
scatheter aortic valve replacement (TAVR) and
mitral, tricuspid and pulmonary valve inter-
ventions. Heart failure data included trials with
sodium-glucose cotransporter 2 (SGLT2) inhibi-
tors, sacubitril/valsartan and novel drugs such
as mavacamten for hypertrophic cardiomyopa-
thy (HCM). Prevention trials included new data
on proprotein convertase subtilisin/kexin type 9
(PCSK9) inhibitors. In electrophysiology, new
data regarding atrial fibrillation (AF) screening
and new evidence for rhythm vs. rate control
strategies were evaluated.

Conclusion: This article presents a summary of
key clinical cardiology trials published and
presented during the past year and should be of
interest to both practising clinicians and
researchers.

Keywords: Acute coronary syndrome;
Antiplatelets; Atrial fibrillation; Cardiology;
Coronary revascularisation; Shock; Mechanical
support; Heart failure; Lipids; Mitral clip;
Transcatheter aortic valve implantation; Left
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Key Summary Points

A concise summary of 150 key cardiology
trial presented at major international
conferences during 2021.

Clinically relevant trials with potential to
impact and change current practice.

Updates across the spectrum of cardiology
including interventional and structural,
acute coronary syndromes, antiplatelet
therapies, electrophysiology, atrial
fibrillation, preventative therapies, and
heart failure.

INTRODUCTION

In 2021, multiple clinical trials with the
potential to influence current practice and
future guidelines were presented and major
international meetings including the American
College of Cardiology (ACC), European Associ-
ation for Percutaneous Cardiovascular Inter-
ventions (EuroPCR), European Society of
Cardiology (ESC), Transcatheter Cardiovascular
Therapeutics (TCT), American Heart Association
(AHA), European Heart Rhythm Association
(EHRA), Society for Cardiovascular Angiography
and Interventions (SCAI), TVT-The Heart Sum-
mit (TVT) and Cardiovascular Research Tech-
nologies (CRT). In this article we review key
studies across the spectrum of cardiovascular
subspecialties including acute coronary syn-
dromes (ACS), interventional and structural,
electrophysiology and atrial fibrillation, heart
failure and preventative cardiology.

METHODS

The results of clinical trials presented at major
international cardiology meetings in 2021 were
reviewed. In addition to this, a literature search

of PubMed, Medline, Cochrane library and
Embase was completed including the terms
“acute coronary syndrome”, “atrial fibrillation”,
“coronary prevention”, “electrophysiology”,
“heart failure” and “interventional cardiology”.
Trials were selected on the basis of their rele-
vance to the cardiology community and the
potential to change future clinical guidelines or
guide further phase 3 research. This article is
based on previously completed work and does
not involve any new studies of human or ani-
mal subjects performed by any of the authors.

ADVANCES IN INTERVENTIONAL
CARDIOLOGY

COVID-19 remains an ongoing strain on global
healthcare systems. Previous observational
analysis of the US multicentre NACMI (North
American COVID-19 and STEMI) registry high-
lighted that patients with ST-elevation
myocardial infarction (STEMI) and concurrent
COVID-19 infection had more complex pre-
sentation, higher mortality and were less likely
to undergo primary percutaneous coronary
intervention (PPCI) compared with historical
matched controls [1]. This year’s analysis of
1185 patients with STEMI (230 COVID-19 pos-
itive, 495 suspected COVID-19 positive and 460
controls) demonstrated that patients with
COVID-19 were more likely to present with
cardiogenic shock (29% vs. 5%; p <0.01) and
cardiac arrest (12% vs. 11%; p < 0.01) [2]. Fur-
thermore, 78% of patients with COVID-19 did
not receive angiography, with a notably higher
mortality vs. patients with COVID-19 who did
(48% vs. 28%; p =0.006) (Fig.1). This data
reinforces that this is a high-risk group who are
underinvestigated but benefit (when appropri-
ate) from urgent revascularisation.

Substantial evidence supports reducing door
to balloon times to improve outcomes in
STEMI, but multiple factors exist which can
cause delay (notably transfers, activation of the
cardiac catheterisation lab and diagnostic clari-
fication in equivocal cases). In a single-centre
retrospective observational study, Abrahim
et al. found that training emergency medical
service (EMS) providers to use a mobile phone
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Fig. 1 A summary of key findings of the NACMI Registry
of acute myocardial infarction in patients with coronavirus
disease 2019 [1]. COVID coronavirus disease,
MACE major adverse cardiac events, NACMI North

app with GPS tracking reduced mean door to
balloon time from 67.8 to 56.3 min (p < 0.0001)
[3]. Early prospective randomised multicentre
evaluation of this straightforward strategy
appears warranted.

The effectiveness of a second-generation
robotic PCI system was investigated in the
PRECISION GRX (Multicenter Post-Market Reg-
istry for the Evaluation of the CorPath® GRX
System Effectiveness in Percutaneous Coronary
Interventions) trial [4]. The two co-primary
endpoints were clinical success, defined by
procedure completion with less than 30%
residual stenosis in the absence of a major
adverse cardiac event (MACE), and technical
success, defined by clinical success without the

American COVID-19 and STEMI. Reproduced with kind
permission of the Journal of the American College of
Cardiology (Garcia et al. [2])

need for manual assistance or conversion.
Clinical success was seen in 98.2% of all lesions.
Technical success was achieved in 89.8% of
lesions. In 14.7%, manual conversion was
required, and the vast majority were unplan-
ned. The results of this trial were hugely
encouraging and will likely prompt further
research to help reduce radiation exposure and
orthopaedic complaints amongst interventional
cardiologists.

Patient knowledge about indication for their
PCI, when it was performed, and the type and
size of stent used may influence the quality of
their subsequent medical care particularly from
a new clinician. However, Saferstein et al.
reported that in an observational study of 310
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patients who had undergone previous PCI [5],
only 16.9% were able to provide the correct
information about their previous procedures,
indicating poor information retention. Of note
74.5% of the respondents would be happy to
store personal medical information on their
mobile phones, suggesting that an app or file
containing relevant data would be useful to
incorporate in discharge information.

The aetiology of a subset of classical STEMIs
(particularly in younger patients) may be due to
plaque erosion rather than plaque rupture and
theoretically following thrombectomy such
patients might not require culprit vessel stent-
ing. The EROSION III trial (OCT- vs Angio-based
Reperfusion Strategy for STEMI) randomised
246 patients with STEMI, after initial angiogra-
phy and thrombectomy if required, to optical
coherence tomography (OCT) guidance with
subsequent mechanism-based management
(n =112) vs. standard care based on angiogra-
phy alone (n=114) [6]. OCT guidance was
associated with a reduction in the primary effi-
cacy endpoint of need for stent implantation
(43.8% vs. 58.8%; p = 0.024). For those deemed
as having plaque erosion (29%), OCT guidance
was associated with a marked increase in those
being managed conservatively (86% vs. 14%).
This interesting study has conceptual merit but
requires a larger study powered for MACE end-
points before such an approach can be defini-
tively recommended.

Physiological Assessment of Coronary
Artery Lesions

Complete revascularisation has been found
superior to culprit lesion only PCI in STEMI,
with increasing evidence for multivessel PCI
(either acutely, during initial hospitalisation or
within 45 days [7], but it is unclear if guiding
the complete revascularisation by fractional
flow reserve (FFR) is superior to angiography-
only guidance. In the multicentre FLOWER-MI
(FLOW Evaluation to Guide Revascularization
in Multi-Vessel ST-Elevation Myocardial Infarc-
tion) study, 1171 patients with STEMI, with
successtul PCI to the culprit artery, were ran-
domised to FFR (n = 590) vs. angiography only

(n = 581) guided complete revascularisation [8].
The primary outcome of death, myocardial
infarction (MI) and unplanned hospitalization
leading to urgent revascularisations at 1 year
was not found to be significantly different for
FFR vs. angiography-only guidance (5.5 vs.
4.2%; hazard ratio HR 1.32 [95% confidence
interval (CI) 0.78-2.23]; p =0.31), although
given the wide confidence intervals, the find-
ings are not conclusive. In a sub-analysis, those
with at least one PCI had lower event rates at
1 year, compared with patients with deferred
PCI, suggesting that deferring lesions judged
relevant by visual estimation but with FFR >
0.80 might not be optimal in this context, but
future randomised studies are needed to con-
firm this [9]. Curzen et al. showed in the RIP-
CORD study that when FFR data was added
systematically to angiography in patients with
chest pain, the management plan changed in
26% of cases [10]. In RIPCORD2, 1100 patients
were randomised to systematic FFR after
angiography vs. angiography alone [11]. The co-
primary outcomes assessed at 1 year were total
hospital costs and quality of life/angina status.
Systematic FFR was not associated with any
difference in median total hospital costs (£4510
vs. £4136; p =0.137), inpatient costs, outpa-
tient costs, nights in hospital, outpatient visits,
quality of life or angina status at 1 year. This
suggests that while targeted FFR clearly remains
valuable, systematic FFR in all vessels is unnec-
essary. Similarly, the FUTURE (FUnctional
Testing Underlying coronary REvascularization)
trial, which randomised 927 patients with
multivessel disease to systematic FFR guidance
versus a conventional approach, was stopped
early because of futility with no significant dif-
ference in ischaemic cardiovascular (CV) events
or death at 1-year follow-up [12].

The previous FAME trials have shown the
benefits of FFR vs. angiography alone or vs.
medical therapy in patients with coronary
artery disease (CAD). The goal of the FAME 3
(Comparison of Fractional Flow Reserve-Guided
Percutaneous Coronary Intervention and Cor-
onary Artery Bypass Graft Surgery in Patients
With Multivessel Coronary Artery Disease) ran-
domised trial (n = 1500) was to demonstrate
non-inferiority of FFR-guided PCI vs. coronary
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artery bypass grafting (CABG) for patients with
three-vessel disease (excluding those with left
main disease and those not suitable for one or
other treatment arm) [13]. However, in the
overall cohort, FFR-guided PCI failed to achieve
non-inferiority for the primary composite end-
point at 1year (death, MI, stroke, or repeat
revascularisation) (10.6% vs. 6.9%; HR 1.5,
95% CI 1.1-2.2; p = 0.35 for non-inferiority). Of
note, the subgroup of patients with less-com-
plex disease (SYNTAX score < 23) fared better
with PCI than with CABG surgery (5.5% vs.
8.6%) but this subgroup analysis is hypothesis-
generating only. FAME 3 was thus a somewhat
disappointing trial from an interventionist per-
spective, especially as the benefits of CABG may
increase over the medium term and supports
current revascularisation guideline positions.

Previous data from the iFR-SWEDEHEART
trial showed PCI outcomes guided by instanta-
neous wave-free ratio (iFR) were non-inferior vs.
FFR for the primary endpoint at 1 year of MACE
(death, MI, unplanned revascularisation). New
S-year follow-up data presented at TCT [14]
were reassuring showing MACE rates remained
similar for iFR vs. FFR (21.5% vs. 19.9%;
HR 1.09, 95% CI 0.90-1.33), as were rates of
death, MI and unplanned revascularisation as
individual endpoints, supporting both iFR and
FFR as suitable physiological tools, with iFR
having the advantage of being quicker to
undertake.

Another physiological measurement, quan-
titative flow ratio (QFR), was evaluated in the
FAVORIII trial (Comparison of Quantitative
Flow Ratio Guided and Angiography Guided
Percutaneous InterVention in Patients With
cORonary Artery Disease), which randomised
3847 patients with stable or unstable CAD,
enrolled at 26 hospitals in China, to a QFR vs.
angiography-guided PCI strategy [15]. The pri-
mary composite endpoint was of all-cause
death, MI or ischaemia-driven revascularisation.
At 1year, the QFR-guided strategy was associ-
ated with a reduction in the primary endpoint
of death, MI or ischaemia-driven revascularisa-
tion (5.8% vs. 8.8%; HRO0.65 [95% CI
0.51-0.83]; p = 0.0004), driven by fewer MIs and
ischaemia-driven revascularisations. Interest-
ingly, similar to findings of the RIPCORD study

with FFR [10], use of QFR physiology changed
management in 25% patients, demonstrating a
possible role for implementation in daily
practice.

Revascularisation in Multivessel Coronary
Artery Disease

Given the paucity of contemporary trial data for
patients with complex CAD deemed ineligible
for CABG who undergo PCI, the OPTIMUM
(Outcomes of Surgically Ineligible Patients with
Multivessel CAD) registry [16] prospectively
enrolled 6726 such patients with three-vessel
CAD or left main stem (LMS) disease following
their heart team discussion. At 30 days, the
observed rate of death was 5.6%, which was in
line with the predicted risk of death using the
EuroSCORE II and Society of Thoracic Surgeons
(STS) risk calculators (5.7% and 5.3%, respec-
tively). In those who survived to 6 months
(87.7%) over 82% had no angina vs. 40.5% at
baseline. While the mortality rate at 6 months
reflects the high-risk nature of the population,
for survivors, the OPTIMUM registry confirms
quality-of-life benefits from PCI.

The relative merits of left main revasculari-
sation of LMS disease by PCI vs. CABG remain
controversial. In a meta-analysis of four large
randomised controlled trials (RCTs) (SYNTAX,
NOBLE, EXCEL and PRECOMBAT) [17], study-
ing 4394 patients with a median SYNTAX score
of 25, PCI was associated with a similar rate of
S-year death (11.2% vs. 10.2%; HR 1.10, 95% CI
0.91-1.32; p =0.33), but also a higher rate of
spontaneous MI and repeat revascularisation.
The authors reiterated the importance of a heart
team approach to optimise individual patient
outcomes.

With an ageing population, complex
intravascular calcification (with associated pro-
cedural complexity) is increasingly encoun-
tered. The DISRUPT CAD III (Global IDE Study
of the Shockwave Coronary Intravascular
Lithotripsy (IVL) System) international multi-
centre registry evaluated use of intravascular
lithotripsy in 431 patients [18]. At 1 year, the
primary safety endpoint of MACE (cardiac
death, all-cause MI or target vessel
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revascularisation) was 13.8%, with a target
lesion failure (TLF) rate of 11.9% (driven by
periprocedural MI of 9.2%). There were no
Q-wave Mls beyond 30 days. While encourag-
ing, prospective trial data vs. conventional
lesion preparation is still required to confirm
safety, relative efficacy and cost-effectiveness.
The value of PCI plus medical therapy vs.
medical therapy alone for stable CAD continues
to be debated. In an extensive meta-analysis of
235 trials involving 19,806 patients, a PCI strat-
egy was associated with a lower risk of cardiac
death (relative risk (RR) 0.79; p <0.01) and
spontaneous MI (RR 0.74; p < 0.01) but no sig-
nificant difference in all-cause mortality (RR
0.94; p =0.11) (Fig. 2) [19]. While the findings

were encouraging, conclusions remain guarded
since the meta-analysis included studies dating
back to 1979 (when medical therapy was less
than optimal).

Emergency CABG in acute MI carries higher
risk but contemporary data are limited. In the
United States National Inpatient Sample, of
11,622,528 admissions with acute MI between
2000 and 2017, 9.2% were treated by emergency
CABG [20]. Use of emergency CABG fell signif-
icantly from 2000 to 2017 for all MI (10.5% to
8.7%), whether STEMI (10.2% to 5.2%) or non-
STEMI (10.8% to 10.0%) (p <0.001 for all).
Surgery was more likely in patients who were
aged less than 75 years, white, male and treated
at large or urban teaching hospitals. Those who
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Fig. 2 Figure demonstrating meta-regression of rate ratios
for cardiac mortality with revascularisation plus medical
therapy vs. medical therapy alone in relation to follow-up
duration. The size of the data markers is proportional to
the size of trial. Rate ratios lower than 1 indicate cardiac
death reduction with revascularisation. The solid line

represents the meta-regression slope of the change in
cardiac death rate ratio for revascularisation plus medical
therapy vs. medical therapy alone with increasing length of
follow-up. Reproduced with permission from the European
Heart Journal (Naverese et al. [19])
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underwent CABG in more recent years
(2012-2017 vs. 2000-2011) were more likely to
have NSTEMI (80.5% vs. 56.1%), non-cardiac
multi-organ failure (26.1% vs. 8.4%), cardio-
genic shock (11.5% vs. 6.4%) or mechanical
circulatory support (19.8% vs. 18.7%)
(p <0.001 for all). Despite the patients being
sicker, in-hospital mortality for CABG-treated
acute MI has decreased from 5.3% in 2000 to
3.6% in 2017 (adjusted odds ratio (OR) 0.89,
95% CI 0.88-0.89), suggesting good case
selection.

It is generally accepted that around 50% of
vein grafts fail within 10 years of CABG. To
address this, Puskas investigated whether a
venous external support (VEST) device made
with a braided weave of cobalt-chromium
applied over the vein grafts to provide perma-
nent reinforcement could reduce intimal
hyperplasia, which may be one of the mecha-
nisms for early graft failure [21]. A total of 224
patients undergoing CABG with two vein grafts
were enrolled, each patient having one vein
graft randomised to VEST device support and
one vein graft serving as a control. It was
anticipated early graft failure at 1 year would
occur in 13%, but in fact 42% of vein grafts had
occluded. Only 113 patients were able to
undergo intravascular ultrasound (IVUS) of
both grafts and, among these, VEST support was
not associated with any reduction in the pri-
mary endpoint of intimal hyperplasia area
(mean 5.11 vs. 5.79 mm?; p = 0.072), although
conclusions were confounded by the high early
graft failure rate.

Advances in Stent Technology

The use of ultrathin strut biodegradable-poly-
mer sirolimus-eluting stent (BP-SES) in STEMI
was investigated in the BIOSTEMI trial [22]
(Biodegradable  Polymer  Sirolimus-Eluting
Stents Versus Durable Polymer Everolimus-
Eluting Stents in Patients With STEMI) which
randomised 1300 patients to BP-SES vs. a dur-
able polymer everolimus-eluting stent (DP-EES).
The primary endpoint was target lesion failure
(TLF), a composite of cardiac death, target vessel
MI and clinically indicated target lesion

revascularisation (TLR). Use of BP-SES was
associated with significant reduction in TLF at
2 years (5.1% vs. 8.1%; 95% Bayesian credible
interval 0.4-0.84; posterior probability of supe-
riority = 0.998), although there were no signif-
icant differences in single endpoints of cardiac
death, target vessel MI or definite stent
thrombosis.

The mechanism of TLF reduction remains
unclear. While thinner struts are associated
with improved clinical outcomes in bare metal
stents (BMS), reducing strut thickness may
affect drug delivery from drug-eluting stents
(DES). In the multicentre, single-blinded, non-
inferiority CASTLE trial which randomised 1440
patients to imaging-guided PCI with BP-SES vs.
DP-SES [23] did not find a significant difference
in TLF between BP-SES vs. DP-EES at 12-month
interim analysis (HR 0.59 [95% CI 0.26-1.36]),
although full results are awaited. However, in a
systematic review by Madhavan et al. [24] of 16
trials, including 20,701 patients, ultrathin-strut
DES vs. conventional second-generation thin-
strut DES were associated with a 15% reduction
in long-term TLF at a weighted mean of
2.5 years follow-up (RR 0.85, 95% CI 0.76-0.96;
p = 0.008).

Nevertheless, to optimally evaluate the
potential benefit of thinner struts in DES, it is
desirable to compare otherwise similar DES with
respect to stent design, polymer and drug
eluted. Menown et al. undertook a pre-specified
comparison of 400 patients receiving at least
one thin strut (84-88 pm) cobalt chromium,
biodegradable polymer, Biolimus A9-eluting
stents (CoCr-BP-BES) in the prospective Bioma-
trix Alpha registry vs. 857 patients who received
at least one Biomatrix Flex stainless steel
biodegradable polymer Biolimus A9-eluting
stents (SS-BP-BES) in the LEADERS study (his-
torical control) [25]. The primary endpoint was
MACE (cardiac death, MI or clinically driven
target vessel revascularisation (cd-TVR)). At
2 years, the thinner strut CoCr-BP-BES was
associated with a reduction in MACE (6.65% vs.
13.23%; unadjusted ~ HR 0.48 [0.31-0.73];
p =0.0005) which remained significant after
propensity  analysis  (7.4% vs. 13.3%;
HR 0.53 [0.35-0.79]; p = 0.004) and a reduction
in definite or probable stent thrombosis (1.12%
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Vs. 3.22%; adjusted HR0.32 [0.11-0.9];
p =0.034) (Fig. 3). After landmark analysis at
day 3 to account for differences in periproce-
dural MI definitions, the reduction in 2-year
MACE no longer reached significance but there
was still a significant reduction in the patient-
orientated composite endpoint (11.7% vs.
18.4%; HRO0.6[0.43-0.83]; p=0.006) and a
trend to lower target vessel failure (5.8% vs.
9.1%; HR 0.63 [0.4-1.00]; p = 0.078). The study
shows use of thinner struts is of overall clinical
benefit in DES.

Direct stenting may be advantageous in cer-
tain scenarios. In the OPTIMIZE trial (OPtical
Coherence Tomography (OCT) Compared to
Intravascular Ultrasound (IVUS) and Angiogra-
phy to Guide Coronary Stent Implantation),
Rao randomised 1639 patients to the Svelte DES
and Slender integrated delivery system (Svelte
Medical Systems) vs. conventional EE-DES [26].
At 1 year, the Svelte system showed an excess of
periprocedural troponin elevation, but at
2 years, using a stricter, more clinically relevant
definition of periprocedural MI, showed non-
inferiority vs. conventional EE-DES (2-year tar-
get vessel MI 10.23% vs. 8.81%; p = 0.48). This
highlights the emerging uncertainty as to the
clinical relevance of minor elevations in high-
sensitive troponin alone in clinical trials.

P=0.034
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Fig. 3 Figure demonstrating definite or probable stent
thrombosis at 2 years for Biomatrix Alpha vs. LEA[1]-
DERS with propensity-adjustment. Stent thrombosis was
adjudicated using identical criteria in both studies. CoCr-
BP-BES cobalt chromium biodegradable polymer Biolimus
A9-cluting stent, MACE major cardiac adverse events, SS-
BP-BES stainless steel biodegradable polymer Biolimus A9-
eluting stent (Menown et al. [25])

Findings of the ReCr8 trial previously repor-
ted similar rates of TLF at 12 months in an all-
comers population (n =1491) randomised to
the polymer-free Cre8 stent (Alvimedica) vs.
Resolute Integrity ZES (Medtronic). The 1-3-
year analysis of this trial [27] continued to
report similar rates of TLF (4.9% vs. 5.1%; p for
noninferiority = 0.0031), confirming an
acceptable safety profile although not defining
whether the Cre8 stent should be used prefer-
entially in certain clinical settings.

Amphilimus-eluting stents, which were
found to be non-inferior to zotarolimus-eluting
stents in the ASTUTE and INSPIRE-1 trials may
be of particular benefit in patients with diabetes
owing to their ability to enable higher drug
diffusion across the vessel wall. In the SUGAR
trial, 1175 patients with diabetes and CAD were
randomised to an amphilimus-eluting stent
(Cre8 EVO) vs. conventional Resolute Onyx
stent [28]. The Cre8 EVO stent was associated
with a 35% reduction in the primary endpoint
of TLF at lyear (7.2% vs. 10.9%; HRO0.65
[95% CI 0.44-0.96]; p noninferiority < 0.001;
p superiority = 0.030). The 2-year results are
eagerly awaited.

Bioresorbable scaffolds have had a troubled
past, most notably the Absorb device, which
was discontinued because of safety concerns,
including in COMPARE-ABSORB (ABSORB
Bioresorbable Scaffold vs. Xience Metallic Stent
for Prevention of Restenosis in Patients at High
Risk of Restenosis), a twofold increased risk of
device-oriented adverse events, such as TV-MI
and late scaffold thrombosis [29]. However, of
interest, at 3years TLF rates were similar
between Absorb and Xience (8.9% vs. 7.4%;
HR 1.21, 95% CI 0.86-1.70); thus further fol-
low-up to 7 years is planned to see if there are
any late benefits with scaffolds.

Thinner strut second-generation scaffolds
may also hold promise. In the small prospective
multicentre FUTURE-II trial (Firesorb Sirolimus
Target Eluting Bioresorbable Vascular Scaffold
in Patients With Coronary Artery Disease), 430
patients undergoing PCI to low-risk lesions were
randomised to Firesorb or Xience with no sig-
nificant difference in patient-level in-segment
late loss at 1 year [30]. Given these encouraging
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findings, the FUTURE-III trial (n = 1200 single-
arm study to define TLF) has commenced.

The Fantom second-generation sirolimus-
eluting bioresorbable scaffold with relatively
thin struts (125 um) was studied in the
FANTOMII registry of 240 patients with
stable CAD and a single lesion of length 20 mm
or less and diameter between 2.5 and 3.5 mm
[31]. At 5 years the composite endpoint of CV
death, MI and clinically driven TLR occurred in
5.8% of patients which again is an encouraging
finding. Four small, randomised trials were
presented at TCT 2021 evaluating use of limus
drugs (which may be less inflammatory) vs.
paclitaxel for drug-coated balloons (DCBs).
Three trials compared the sirolimus-coated
SeQuent SCT (B.Braun) vs. the paclitaxel-
coated SeQuent Please Neo (B. Braun). The first
trial randomised 70 patients with coronary de
novo lesions, treated at one of six centres in
Malaysia [32]. The primary outcome of late
lumen loss at 6 months for sirolimus vs. pacli-
taxel groups met non-inferiority
(0.10 £ 0.32 mm vs. 0.01 £+ 0.33 mm). Notably,
late lumen enlargement was less frequent with
the sirolimus device (32% vs. 58%; p = 0.019).
Two further trials with identical protocols (FIM
Malaysian and German-Swiss) [33] randomised
101 patients with in-stent restenosis. The pri-
mary outcome of in-lesion late lumen loss at
6 months was identical (0.3 mm vs 0.3 mm,
95% CI —0.24 to 0.24, p = ns). Whilst these
three studies were informative, they were not
powered sufficiently to detect clinical differ-
ences and longer-term data would be of interest.
In the BIO-RISE CHINA trial, a Biolimus A9 DCB
(10 times the lipophilicity of sirolimus) was
compared vs. plain old balloon angioplasty
(POBA) in patients with small-vessel CAD. The
Biolimus A9 DCB was associated with reduction
in the primary endpoint of in-segment late
lumen loss at 9 months [34] (0.17 £+ 0.32 mm
vs. 0.29 £ 0.35 mm; p =0.0034). Given this
encouraging result, the ongoing REFORM trial is
comparing the Biolimus A9 DCB vs. paclitaxel-
coated SeQuent Please for in-stent restenosis.

Vascular Access

The STAT2 multicentre trial randomised 443
patients undergoing radial compression post
PCI to a trans-radial (TR) band plus haemostatic
patch (Statseal) vs. a TR band alone [35]. In both
arms, the TR band deflation was attempted after
60 min. Use of Statseal along with the TR band
was associated with a marked reduction in the
primary endpoint of time wuntil successful
haemostasis (66 vs. 113 min; p < 0.001). Com-
plications (including bleeding requiring inter-
vention, haematoma, or radial artery occlusion)
were numerically fewer in the StatSeal arm than
with the TR band alone, but this did not meet
significance (4.5% vs. 8.6%; p = 0.08). Use of the
Statseal may thus help to shorten length of stay
and allow earlier discharge.

The COLOR trial (Complex Large-Bore Radial
Percutaneous Coronary Intervention) ran-
domised 388 patients undergoing PCI in com-
plex coronary lesions with large-bore guiding
catheters to transradial (Tr) vs. transfemoral (TF)
[36]. Tr access was associated with a signifi-
cantly reduction in the primary endpoint of
access site-related clinically significant bleeding
or vascular complications requiring interven-
tion at discharge (3.6% vs. 19.1%; p < 0.001)
without any loss in rates of procedural success
(86% vs. 89.2%; p = 0.285).

ADVANCES IN STRUCTURAL
CARDIOLOGY

Transcatheter Aortic Valve Intervention

Data from UK TAVI and PARTNER 2A (Place-
ment of aortic transcatheter valve trial) have
consolidated the role of transcatheter aortic
valve implantation (TAVI) in intermediate to
high-risk aortic stenosis (AS) with early evidence
from trials such as PARTNER 3 and EVOLUT
Low risk (Transcatheter Aortic-Valve Replace-
ment with a Self-Expanding Valve in Low-Risk
Patients) also suggesting a role in low-risk
patients (STS PROM score < 3%) [1]. Two-year
data from the EVOLUT Low risk trial [37]
reported no difference in the primary outcome

A\ Adis



Adv Ther (2022) 39:2398-2437

2407

of death or disabling stroke at 24 months (1.9%
in TAVI vs. 2.1% in surgical aortic valve
replacement (SAVR); p = 0.742). Follow-up to
10 years is planned for each trial.

Five-year data from the SURTAVI (Surgical
Replacement and Transcatheter Aortic Valve
Implantation) trial which compared self-ex-
panding CoreValve TAVI vs. SAVR in interme-
diate-risk patients (n = 1745, mean age 80 years;
median STS-PROM 4.5%) [38] reported non-in-
feriority for the endpoint of death or stroke
(31.3% vs. 30.8%; p = 0.85) and no difference in
valve thrombosis, although higher re-interven-
tion (3.5% vs. 1.9%; p = 0.02), more paravalvu-
lar leak (3.0% vs. 0.7%; p < 0.001), smaller
effective orifice areas (EOA) (1.8 vs. 2.2 cm?;
p < 0.001) and higher gradient gradients (11.2
vs. 8.6 mmHg; p < 0.001). Notably, only a small
portion (16%) received the second-generation
CoreValve EvolutR valve which may have
underestimated TAVI performance.

Current guidance for asymptomatic severe
AS with preserved left ventricular (LV) function
mandates watchful waiting prior to intervening;
however, trials such as RECOVERY have sug-
gested that earlier intervention may translate to
lower rates of CV death. AVATAR (Aortic Valve
ReplAcemenT vs Conservative Treatment in
Asymptomatic SeveRe Aortic Stenosis) was a
multicentre trial randomising 157 patients
(mean age 67 years, 43% female) to early sur-
gery (n = 78) vs. conservative therapy (n = 79).
Patients with a positive exercise test were
excluded in addition to those with very high
gradients (> 5.5 m/s), impaired left ventricular
ejection fraction (LVEF), previous CABG or prior
valve surgery. At 32 months, the trial met its
composite primary outcome of reduction in all-
cause death, heart failure, acute MI or stroke vs.
conservative management (15.2% vs. 34.7%;
p =0.02) [39]. This signals that early interven-
tion in asymptomatic severe AS may confer a
mortality benefit. Further data from EARLY
TAVR will help shed light on whether this
mortality benefit applies to the transcatheter
group.

Of increasing relevance in modern health-
care is the economic cost vs. benefit of new
procedures. In a sub-analysis of the PARTNER 3
low-risk data set, Cohen performed a cost

analysis of 1000 patients undergoing TAVI with
the SAPIEN 3 device [40]. Although TAVI resul-
ted in shorter procedure duration (mean 59 vs.
208 min), hospitalisation (mean 1.9 vs.
6.5 days) and intensive care unit (ICU) time
(mean 0.8 vs. 2.7 days), the overall expense of
the initial hospitalization costs for both TAVI
and surgery were comparable ($47,196 vs.
$46,606; p = 0.59), largely driven by the TAVR
device costs. However, at 2 years there was a
notably lower cost in the TAVR group, driven by
reduction in follow-up costs vs. SAVR ($19,638
vs. $22,258; p = 0.13). As more devices enter the
market and costs fall as a result of competition,
it is possible this cost divergence will grow.

Continued efforts to streamline TAVI to
reduce costs have resulted in dedicated next-day
discharge pathways such as the Vancouver 3M
(Multidisciplinary, Multimodality, but Mini-
malist) pathway [41]. In 3M TAVR (Multidisci-
plinary, = Multimodality = but  Minimalist
Transfemoral Transcatheter Aortic Valve
Replacement), the safety and efficacy of this
pathway was assessed in a multicentre propen-
sity-matched study of 351 patients who under-
went transfemoral TAVI as part of the S3i
registry embedded in the PARTNER 2A trial.
After matching, mean patient age was 82 years
and the mean STS score (5.2-5.3). The 3M group
spent less time in hospital (1.6 vs.
3.9days; p < 0.001) with significantly lower
overall hospitalization costs ($45,595 vs.
$56,438; p < 0.001). Furthermore, there was no
difference in clinical outcomes including mor-
tality, stroke, MI or need for repeat procedures
(all p = ns).

Indeed, with the increasing robustness in
data for TAVI, determining patient selection vs.
surgery has become increasingly contentious.
Notably, the updated 2021 European Society
Cardiology (ESC) guidelines released this year
have recommended that patients over the age of
75 years are offered TAVI in preference to SAVR.
Furthermore, a new class IIb recommendation
for intervention in patients with asymptomatic
severe AS with LV dysfunction (without another
cause) was added to the guidelines [42].
Rewording of several recommendations from
‘SAVR should be considered’ to ‘Intervention
should be considered’ has placed more
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emphasis on shared decision-making and
reflects greater equipoise between SAVR and
TAVI.

A significant number of patients undergoing
TAVI have concomitant atrial fibrillation (AF).
Following the results of the PoPular TAVI trial,
ESC guidelines have changed to recommend
oral anticoagulation (OAC) without the addi-
tion of an antiplatelet in patients with an
underlying indication for anticoagulation [42].
Consequently, ENVISAGE-TAVI AF (Edoxaban
Compared to Standard Care After Heart Valve
Replacement Using a Catheter in Patients With
Atrial Fibrillation) sought to establish the non-
inferiority of edoxaban compared to vitamin K
antagonism (VKA) in patients with AF under-
going TAVI [43]. Edoxaban met non-inferiority
for the primary efficacy outcome (HR 1.05,
95% CI 0.85-1.31; p = 0.01 for non-inferiority);
however, edoxaban did not meet non-inferioz-
ity for the primary safety outcome of bleeding
(HR 1.40, 95% CI 1.03-1.91; p = 0.93 for non-
inferiority). The higher bleeding rates were dri-
ven by gastrointestinal (GI) bleeding which may
be reflective of the higher mean patient age of
82.1 years. Similarly, the ALANTIS trial (Anti-
Thrombotic Strategy After Trans-Aortic Valve
Implantation for Aortic Stenosis) sought to
evaluate apixaban vs. standard of care in TAVI
(VKA if indication for OAC; antiplatelet therapy
if no indication), enrolling 1500 patients with a
mean age of 82 years [44]. Apixaban failed to
demonstrate a reduction in the composite pri-
mary endpoint (time to death, stroke, MI, sys-
temic emboli, intracardiac or valve thrombosis,
DVT, PE or major bleeding) vs. standard care
(18.4 vs. 20.1%; HR0.92, 95% CI 0.73-1.16).
There were lower rates of valve thrombosis
noted in the apixaban group (8.9% vs. 13.0%,
p = 0.038); however, this did not translate into
improved clinical outcomes. Interestingly,
unlike in ENVISAGE-TAVI AF, this provides a
signal that apixaban may be a safe, suitable (and
more practical) alternative to VKAs in this
patient group.

The risk of ongoing valve degeneration and
durability was further assessed in the
FAABULOUS 2 trial (18F-Fluoride Assessment of
Aortic Bioprosthesis Durability and Outcome)
[45]. This multicentre cross-sectional

observational cohort study analysed 47 patients
undergoing TAVI wusing echocardiography,
computed tomography (CT) angiography, and
18F-NaF Positron emission-tomography (PET)
scanning. All patients had repeat echocardiog-
raphy at 1 month, 2 and 5 years with PET/CT
scanning repeated at either 1 month (n=9),
2 years (n=22), or Syears (n=16). Matched
comparisons were made to patients undergoing
bioprosthetic SAVR (n =57) using the same
protocol. Rates of bioprosthetic valve degener-
ation were similar between groups across
modalities; echocardiography (6% vs. 8%
respectively; p=0.78), CT (15% vs. 14%
respectively; p = 0.87) and PET (15% vs. 29%
respectively; p =0.09). This interesting data
suggests that mid-range durability is similar
between TAVI and bioprosthetic SAVR; how-
ever, one must note that numbers were small
and non-randomised.

Bicuspid valve AS has often been excluded
from many of the main TAVI trials with long-
term safety and efficacy being unclear. The Low-
Risk Bicuspid Study has previously demon-
strated low rate of all-cause mortality or dis-
abling stroke (1.3%) at 30 days after TAVI with
an Evolut R or PRO prosthesis [1]. Forrest pre-
sented 1-year outcomes of TAVI in bicuspid vs.
tricuspid patients obtained using a propensity-
matched analysis, pairing 145 patients to the
TAVI arm of the Evolut Low-Risk Trial [46].
There was no difference in the combined end-
point of death, disabling stroke or major
bleeding at 1 year (1.4% vs. 2.8%; p = ns). Fur-
thermore, rates of pacemaker implantation
(16.6% vs. 17.9%; p = ns) and rehospitalisation
(3.5% vs. 4.9%; p =ns) were similar between
groups. Similarly, Williams presented a sub-
analysis of the PARTNER 3 trial, assessing the
1-year safety and efficacy of the SAPIEN 3™
valve in low-risk bicuspid patients [47]. Patients
pooled from bicuspid registries were propensity
matched to 148 patients from the tricuspid arm
of the PARTNER 3 trial. At 1 year, the rates of
combined endpoint of death, stroke or hospi-
talisation were similar between the two groups
(bicuspid 10.9% vs. tricuspid 10.2%, log-rank
p =0.8). Although the 1-year data are favour-
able in these trials, longer-term outcomes are
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needed given the relatively younger mean age
of this patient group.

Valve in valve (Viv) TAVI has become
increasingly utilised since device approval in
2015. However, uncertainty remains as to
whether bioprosthetic valve fracture (BVF) is
necessary in these patients. Brinkmann et al.
conducted a randomised multicentre trial of
160 patients undergoing ViV TAVI with (n = 81)
and without BVF (n = 79). Devices used inclu-
ded Mosaic (Medtronic), Mitroflow (Sorin
Group USA), Perimount, and Magna (Edwards
Lifesciences). ViV TAVI with BVF had higher
success rates (93% vs. 68%; p <0.001) and a
higher reduction in mean transvalvular gradi-
ent (10.8 vs. 15.8 mmHg; p < 0.001). The rates
of in-hospital events were similar between
groups (3.7% vs. 7.6%; p=0.325) [48].
Although this data suggests BVF VIV TAVI has
superior outcomes, the optimal timing of BVF is
unclear and indeed is still a point of contention
amongst operators.

Coronary artery occlusion is a rare (0.7%) but
serious complication of TAVI. Transcatheter
electrosurgical aortic leaflet laceration as a
means of mitigating the risk of this complica-
tion was originally assessed in the novel BASI-
LICA investigational device exemption (IDE)
trial. Real-world registry data obtained form 25
international centres reported an 86.9% rate of
procedure success (defined as successful BASI-
LICA traversal and laceration without mortality,
coronary obstruction or emergency interven-
tion) [49]. Thirty-day mortality was 2.8% and
stroke was 2.8%, with 0.5% disabling stroke
with 1-year survival 83.9%. Although this data
suggests more procedural expertise is needed,
the increasing rate of valve-in-valve procedures
and the need to implant higher to avoid pace-
maker implantation highlights the possible
future utility of this procedure.

Safe access site closure is a central compo-
nent to reducing complications in TAVI. Vari-
ous devices exist to facilitate femoral site closure
including suture-based technologies (ProGlide;
Abbott Vascular) and plug-based vascular clo-
sure device (Manta; Teleflex). CHOICE-CLO-
SURE (Comparison of Catheter-based Strategies
for Interventional Access Site Closure During
Transfemoral Transcatheter Aortic Valve

Implantation) randomised 516 patients (mean
age 80.5 years; 55.4% men) to undergo TAVI
with vascular site closure with MANTA VCD
(n = 258) or ProGlide (n = 258) [50]. Baseline
characteristics, including surgical risk, were
similar between groups. Major and minor access
site complications were higher in the MANTA
group (19.4% vs. 12.0%; RR1.61, 95%CI
1.07-2.44; p = 0.029) vs. ProGlide. Furthermore,
the MANTA group required longer time to
haemostasis (240s vs. 80s; p<0.001) and
required greater use of an additional VCD to
achieve complete haemostasis (58.5% vs. 0.0%;
p < 0.001), suggesting that suture-based closure
with the Proglide device was safer and superior
at achieving haemostasis.

Transcatheter Mitral Valve Interventions

The landmark COAPT trial (Cardiovascular
Outcomes Assessment of the MitraClip Percu-
taneous Therapy for Heart Failure Patients With
Functional Mitral Regurgitation) previously
demonstrated that transcatheter mitral valve
(TCMV) repair with the Abbot MitraClip in
moderate-to-severe or severe secondary mitral
regurgitation (MR) refractory to medical ther-
apy was superior to medical therapy alone [1].
The single-arm CLASP (Edwards PASCAL
TrAnScatheter Mitral Valve RePair System
Study) feasibility study sought to assess the
safety and efficacy of the Edwards PASCAL™
transcatheter valve repair system in severe
symptomatic MR (functional and degenerative).
Building on the positive 1-year data (92% sur-
vival and 88% free from heart failure hospitali-
sation), the 2-year outcomes from CLASP2
reported an 80% survival rate with 84% free
from heart failure hospitalisations [51]. Optimal
device strategy remains unclear and the results
of the head-to-head trial between the Abbot and
Edwards devices are awaited in the CLASP IID/
IIF trial.

There are now several feasibility studies
endorsing the role of mitral valve transcatheter
edge-to-edge repair (TCEER); however, real-
world data on procedural and device failure
requiring surgical intervention is limited. The
CUTTING-EDGE (Mitral Valve Surgery After
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Transcatheter Edge-to-Edge Repair) registry was
a multicentre, international registry analysis of
332 patients (mean age 73.8years) which
looked at outcomes of timing of surgery post
TCEER failure [52]. Across three groups, aborted
TCEER with subsequent surgery (21.2%), com-
pleted TCEER with acute surgery (17.6%) or
completed TCEER with delayed surgery (61.2%),
respective 30-day mortality rates were 26.6%,
15.8% and 13.8%. The majority (91%) required
mitral valve replacement. Interestingly, 51.3%
of patients were low or intermediate surgical
risk (median STS PROM score was 4.0%). This
data supports other studies which demonstrate
that mortality post failed TCEER is extremely
high. This suggests that TCEER should only be
offered to patients at high surgical risk with
informed decision-making between the patient
and multidisciplinary teams.

Recent studies have examined the feasibility
of TCMV replacement. The Intrepid trans-
femoral transeptal transcatheter mitral valve
replacement (TTMVR) trial was a prospective
multicentre feasibility study (n=15; median
age 80 years) of the Intrepid"™ TTMVR system
(Medtronic) in patients with moderate-sev-
ere/severe, symptomatic MR at high surgical
risk (median STS PROM 4.7%). Fourteen
implants were successful with no/trace MR post
procedure. One required conversion to ster-
notomy [53]. Overall, there were no deaths,
strokes or re-interventions at 30 days (Fig. 4).
Although favourable, more data are needed
with longer follow-up to validate this new
technology.

Patients undergoing mitral valve (MV) sur-
gery often have concomitant severe tricuspid
regurgitation (TR) which warrants double valve
intervention. However, in patients with a dila-
ted tricuspid valve (TV) annulus but only
moderate (or less) regurgitation, the rationale
for intervention is less clear. Gammie et al.
conducted an international multicentre ran-
domised study of patients with degenerative
MV disease (n =401; average age 67 years)
undergoing surgery to receive either tricuspid
annuloplasty (TA) or no additional procedure
[54]. All patients had tricuspid annular dilata-
tion of at least 40 mm but with moderate
regurgitation or better. At 2 years the composite

primary endpoint of reoperation, progression of
TR by two grades or death, was significantly
lower in the surgery plus TA group (3.9% vs.
10.2%; RR 0.37, 95% CI 0.16-0.86; p = 0.02).
Mortality was significantly lower in the TA
group (3.2% vs. 4.5%; RR 0.69, 95% CI
0.25-1.88) but pacemaker implantation rates
were significantly higher (14.1% vs. 2.5%;
95% CI 2.27-14.60). Longer-term follow-up
data are required as it remains unclear whether
reduction in TR translates into tangible clinical
benefit.

Transcatheter Tricuspid and Pulmonary
Interventions

Several trials addressed novel approaches to
transcatheter tricuspid valve (TCTV) interven-
tion including valve replacement, tricuspid
edge-to-edge repair (TEER) and annuloplasty
ring repair. The Triband study (Transcatheter
Repair of Tricuspid Regurgitation With Edwards
Cardioband TR System Post Market Study)
evaluated the Cardioband TV reconstruction
system (Edwards Lifesciences, Irvine, CA, USA)
which aims to reduce functional annular
dilatation in severe functional TR and thereby
facilitate better leaflet coaptation. This single-
arm, multicentre prospective study enrolled 61
patients with severe functional TR despite best
medical treatment. All-cause mortality and
major adverse events (MAE) rates at 30 days
were 1.6% and 19.7%, respectively, with 85% of
patients achieving one grade reduction in TR
(p <0.001) and 69% achieving a TR grade of
moderate or below at 30 days (p < 0.001). This
was reflected in a 17-point reduction in Kansas
City Cardiomyopathy Questionnaire (KCCQ)
score (p < 0.001) [55].

Similarly, the TriClip transcatheter tricuspid
valve repair (Abbott) was evaluated in TRI-
LUMMINATE (Abbott Transcatheter Clip Repair
System in Patients With Moderate or Greater
TR). This was a prospective single-arm interna-
tional study of 85 patients (mean age
78 + 7.9 years; average FuroSCORE 1 of
8.7 £ 10.7%) with severe TR and no other
indication for valve intervention [56]. Of the 85
patients enrolled, at 1year, TR improved to

A\ Adis



Adv Ther (2022) 39:2398-2437

2411

CENTRAL ILLUSTRATION: 30-Day Outcomes From the Intrepid
Transcatheter Mitral Valve Replacement Early Feasibility Study
A Intrepid Transfemoral B Intrepid Transfemoral
Transcatheter Mitral Valve Transcatheter Mitral Valve
Replacement Bioprosthesis Replacement Delivery System
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None/Trace
30-Day Clinical Outcomes:
0% mortality
0% stroke
0% reintervention
0% new pacemaker implantation
Zahr, F. et al. J Am Coll Cardiol Intv. 2022;15(1):80-89.

Fig. 4 Central illustration from Zahr et al’s paper
demonstrating 30-day outcomes from the intrepid tran-
scatheter mitral valve replacement early feasability study.
A Image of the Intrepid transfemoral transcatheter
replacement bioprothesis. B Delivery system. C Summary

moderate or less in 71% vs. 8% at baseline
(p < 0.0001) which was associated with signifi-
cant functional benefits in 6-min walk test
(6MWT) results (272.3 £ 15.6 to
303.2 £ 15.6 m, p = 0.0023). Notably this pop-
ulation were of high surgical risk (average
EuroSCOREII of 8.7 + 10.7%) and many had
undergone previous valve interventions (33%).
This data demonstrates that TEER produced
sustained improvements in TR and clinical
outcomes in a high-risk population.

The strategy of TCEER was addressed in
CLASP TR, a single-arm, multicentre US early
feasibility study evaluating the PASCAL

of 30-day results demonstrating improvement in mitral
regurgitation. D Improvement in NYHA score. Repro-
duced with permission from the Journal of the American

College Cardiology (Zahr et al. [53])

transcatheter valve repair system in 63 patients
with symptomatic severe TR despite optimal
medical therapy [S57]. At 6 months, 89% of
patients improved by at least one TR grade and
70% saw at least a two-grade reduction in TR.
All-cause death occurred in 3.2% with 2.3%
from CV causes. Severe bleeding occurred in five
patients (7.9%) with one patient requiring
intervention (1.6%). Building on these feasibil-
ity studies, the CLASPII TR trial is currently
enrolling patients and will seek to compare the
PASCAL device vs. standard medical therapy.
Transfemoral tricuspid valve replacement
(TTVR) was evaluated in  TRISCEND
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(Investigation of Safety and Clinical Efficacy
After Replacement of Tricuspid Valve With
Transcatheter Device), a single-arm, multicentre
and prospective trial evaluating the safety of
feasibility of the EVOQUE TTVR system
(Edwards Lifesciences, Irvine, CA, USA) in 56
patients with severe TR (Fig.5). Notably, the
aetiology of TR was mixed with 43% of patients
having undergone a prior valve intervention
[58]. At 6 months, TR reduced to mild in 49% or
trivial levels in the remaining 51% (p < 0.001
vs. baseline). There was a significant improve-
ment in New York Heart Association (NYHA)
score from baseline with 89% improving to
classI or II at 6 months (p < 0.001). Similarly,
KCCAQ score improved on average by 27 points
(p < 0.001 for all). Survival was also favourable
at 96% with 94% remaining free from HF hos-
pitalisation at 6 months [59]. Future data are
eagerly awaited for this exciting new mode of
transcatheter intervention.

Patients with significant pulmonary regurgi-
tation (PR) associated with right ventricular
(RV) dysfunction often require surgical pul-
monary valve replacement (PVR) or repair.
Often these are young patients with congenital
abnormalities who have undergone prior open-
heart surgery. Novel transcatheter options are
thus being explored. HARMONY TPV study
(The Medtronic Harmony'™ Transcatheter

Fig. 5 Image of the EVOQUE™ transfemoral tricuspid
valve replacement (Edwards Lifesciences LLC, Irvine, CA).
Image supplied with permission from Edwards Lifesciences

LLC

Pulmonary Valve Clinical Study) was a
prospective safety and feasibility international
study of the Harmony valve, a 22-mm valve
(TPV22) and a modified version of the original
25mm mitral valve (mTPV25) in patients
(n = 67) with significant PR (Fig. 6). At 1 year,
PR was trace or none in all patients with no
death, endocarditis, stent fracture or thrombo-
sis noted. Two patients required a further tran-
scatheter procedure. This technology could
potentially improve survival in congenital
patients for whom further open-heart surgery is
not a viable option [60], but longer-term follow
data are required.

Catheter-Based Left Atrial Appendage
Closure

Following PROTECT AF and PREVAIL, the
Watchman left atrial appendage closure (LAA)
closure device (Boston Scientific) was approved
by the US Food and Drug Administration (FDA)
in 2015 as a non-pharmacological alternative
for the reduction of stroke risk in non-valvular
AF [61]. Several years of registry data has since
been collected and the first 3-year (2016-18)
outcomes data involving 38,158 patients from
the National Cardiovascular Data Registry
(NCDR) LAA closure Registry, presented at ACC
last year, demonstrated favourable procedural

Fig. 6 The Medtronic HarmonyTM Transcatheter Pul-
monary Valve replacement system. Reproduced with
permission from Medtronic, Inc
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success and complication rates. Price presented
an analysis of thromboembolic and bleeding
events in this registry data at ACC21 involving
36,681 patients (mean age 76 years; 59% men).
Mean CHA2DS2-VASc score was 4.8 (SD 1.5),
mean HAS-BLED score was 3.0 (SD 1.1) with
69.5% having experienced prior clinically rele-
vant bleeding. The estimated stroke rate at
1 year was low at 1.53%, demonstrating a much
lower rate (77% less) than would be expected in
this high-risk population [62]. Furthermore,
bleeding rates were 6.2% with an all-cause
mortality of 8.52%, reflective of the morbidity
of this population group.

Similarly, Prague-17 (Left Atrial Appendage
Closure vs. Novel Anticoagulation Agents in
High-Risk Atrial Fibrillation Patients trial) eval-
uated 402 patients with high-risk non-valvular
AF (previous bleeding requiring hospitalisation
or treatment; previous cardioembolic event on
anticoagulation; and/or CHADSVASC > 3 or
HASBLED > 2) by randomising to left atrial
appendage closure (LAAC) device or non-war-
farin oral anticoagulant (NOAC) therapy [63].
At a median follow-up of 19.9 months, the
composite primary outcome (stroke, TIA, sys-
temic embolism, CV death, major or non-major
clinically relevant bleeding and procedure/de-
vice-related complications) occurred in 10.99%
of the LAAC group vs. 13.42% in the NOAC
group (HR 0.84, 95% CI 0.53-1.31; p = 0.44;
p =0.004 for noninferiority). In conclusion in
high-risk patients with AF, LAAC was non-in-
ferior to NOAC therap