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ABSTRACT

Introduction: Over the course of 2022, 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
to reflect on their clinical context.
Methods: The authors reviewed clinical trials
presented at major cardiology conferences dur-
ing 2022, 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 93 key cardiology clinical
trials were identified for inclusion. Interven-
tional cardiology data included trials evaluating
the use of new generation novel stent

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 and intervention focused
on long-term outcomes of optimal medical
therapy (OMT), revascularisation in ischaemic
dysfunction and left main (LM) intervention.
Structural intervention trials included latest
data on optimal timing and anticoagulation
strategies in transcatheter aortic valve replace-
ment (TAVR), in addition to expanding evi-
dence in mitral and tricuspid valve
interventions. Heart failure data included trials
with sodium-glucose cotransporter 2 (SGLT2)
inhibitors, iron replacement and novel drugs
such as omecamtiv. Prevention trials included
new data on proprotein convertase subtilisin/
kexin type 9 (PCSK9) inhibitors and polypill
strategies. In electrophysiology, new data
regarding optimal timing of ablative therapy for
atrial fibrillation (AF) in addition to novel
screening 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.
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Key Summary Points

A concise summary of over 90 key cardiology
trial presented at major international
conferences during 2022.

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 2022, multiple clinical trials with the
potential to influence current practice and
future guidelines were presented at 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 2022 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 based on their relevance to
the cardiology community and the potential to
change future clinical guidelines or guide fur-
ther phase 3 research. This article is based on
previously completed work and does not
involve any new studies of human or animal
subjects performed by any of the authors.

Advances in Percutaneous Coronary
Intervention

Several practice changing trials in Percutaneous
Coronary Intervention (PCI) have been pub-
lished this year (Table 1). Historically, PCI has
been used to treat ischaemic cardiomyopathy,
despite limited supporting evidence [1]. In the
REVascularisation for Ischaemic VEntricular
Dysfunction (REVIVED-BCIS2) trial [2], 700
patients with left ventricular ejection fraction
(LVEF) B 35% and extensive coronary artery
disease (CAD), as defined by the British Car-
diovascular Intervention Society (BCIS) jeop-
ardy score, were randomised to PCI or optimal
medical therapy (OMT). Over a median follow-
up time of 3.4 years, PCI versus OMT alone did
not result reduction in the primary composite
outcome of death or hospitalization for heart
failure [37.2% vs. 38.0%; HR 0.99; 95% confi-
dence interval (CI), 0.78–1.27; P = 0.96] [2].

The optimal treatment for left main (LM)
and multivessel CAD remains hotly debated.
New observational data from the Swedish Cor-
onary Angiography and Angioplasty Registry
(SCAAR) [3] compared outcomes among 10,254
such patients undergoing PCI (52.6%) versus
coronary artery bypass grafting (CABG) (47.4%).
PCI was associated with a 59% increased risk of
death versus CABG after 7 years of follow-up
(P = 0.011). Despite the limitations of observa-
tional data, findings are in keeping with the
NOBLE study [4], supporting use of CABG
where clinically appropriate in LM patients with
additional multivessel CAD.

In contrast, a meta-analysis of 2913 patients
from four RCTs (SYNTAXES, PRECOMBAT, LE
MANS, and MASS II) undergoing PCI versus
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Table 1 Summary of key trials in percutaneous coronary intervention published in 2022

Trial Clinical question Design Main outcomes

REVascularisation for Ischaemic

VEntricular Dysfunction trial.

(REVIVED-BCIS2)

In patients with severe ischaemic

cardiomyopathy, does PCI

improve outcomes vs. OMT?

Randomised

open label

trial (3.4-

year follow-

up)

PCI

(n = 347)

OMT

(n = 353)

No difference in all-cause

mortality or HF hospitalisation

No difference in LVEF at

12 months

Swedish Coronary Angiography

and Angioplasty Registry

(SCAAR)

Is there a mortality in difference

CABG vs. PCI for treatment of

LMS disease

Observational

registry data

10,254

patients

7-year follow-

up

PCI was associated with a higher

risk of death vs. CABG

Meta-analysis comparing 10-year

mortality following

percutaneous coronary

intervention or coronary artery

bypass grafting in left main

stem or multivessel coronary

artery disease. (Woodhead

et al.)

Is there a mortality in difference

CABG vs. PCI for treatment of

LMS disease

Meta-analysis

(of four

RCTs)

2913 patients

10-year

outcomes

No difference in mortality

outcomes between groups at

10 years

No difference in sub-group analysis

of LM only versus multivessel

disease

Sex-Specific Clinical Outcomes

After Treatment of Left Main

Coronary Artery Disease

(McEntegart et al.)

In LMS PCI, does female gender

affect clinical outcomes?

Sub-study of

randomised

controlled

trial

1184 patients

(22%

female)

5-year follow-

up

No difference in all-cause

mortality or CV outcomes

between genders at 5-years
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Table 1 continued

Trial Clinical question Design Main outcomes

Individualizing Dual Antiplatelet

Therapy After Percutaneous

Coronary Intervention

(IDEAL LM TRIAL)

Do clinical outcomes differ in

patients undergoing LMS PCI

treated with short-duration

DAPT and a biodegradable

polymer platinum-chromium

everolimus-eluting stent vs.

standard DAPT with a durable

polymer cobalt-chromium

everolimus-eluting stent

Multicentre

Randomised

trial

1:1

808 patients

2-year follow-

up

Short duration DAPT facilitated

by a biodegradable polymer

platinum-chromium everolimus

stent was non-inferior a

standard durable polymer

cobalt-chromium everolimus-

eluting stent with no difference

in death, MI or

revascularisation at 2 years

Effects of complete

revascularisation on angina-

related quality of life in patients

with ST-segment elevation

myocardial infarction (Mehta

et al.)

In patients presenting with

STEMI and multivessel disease,

does complete revascularisation

improve QOL vs. culprit only

PCI?

Randomised

parallel trial

Complete

(n = 2016)

Culprit only

(n = 2025)

3-year median

follow-up

In patients treated with complete

revascularisation, a greater

proportion were free of angina

at 3 years

Second-generation drUg-elutinG

Stents in diAbetes: a

Randomized Trial (SUGAR

trial)

In patients with diabetes

undergoing PCI, do outcomes

differ with treatment using an

amphilimus-eluting stent (Cre8

EVO) vs. conventional

Resolute Onyx (Zotarolimus-

eluting) stent?

Randomised

trial

1175 patients

2-year follow-

up

No difference in TLF, target vessel

MI or revascularisation at

2 years

FAVOR III trial (2-year

outcomes)

Does QFR-guided PCI improve

clinical outcomes at 2 years?

Randomised,

sham-

controlled

trial

3825 patients

QFR group

(n = 1913)

Control

(n = 1912)

2-year follow-

up

At 2-years, a QFE-guided strategy

results in a reduction in

composite outcome of death,

MI or revascularisation
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CABG for LM or multivessel CAD [5] did not
report any significant difference in 10-year sur-
vival (RR 1.05; 95% CI 0.86–1.28), nor signifi-
cant difference in the subgroup with LM disease
alone or multivessel disease alone. This may
reflect a lower extent of non-LM disease com-
plexity in the four trials.

Of note, a new analysis from the SYNergy
Between PCI With TAXUS and Cardiac Surgery
Extended Study (SYNTAXES) evaluated mortal-
ity according to presence or absence of bifur-
cation lesions [6]. In the PCI group, those
undergoing stenting of C 1 bifurcation lesions
versus no bifurcation stenting, had a higher risk
of death at 10 years (30.1% vs. 19.8%;
P\0.001). Furthermore, a 2 versus 1 stent
bifurcation strategy was associated with a
higher risk of death at 10 years (HR 1.51; 95% CI
1.06–2.14). Conversely, in the CABG, the pres-
ence or absence of bifurcation lesions had no
impact on mortality. As this was a post hoc
analysis, results can only be considered
hypothesis-generating, but are in keeping with
previous data highlighting the complexity of
bifurcations and the preference for a simple
rather than a complex strategy where possible.

Female sex has been associated with worse
outcomes following PCI related to smaller vessel

disease. However, previous LM have been
unclear and, given that LM has a larger diame-
ter, more equivalent results. A substudy of the
NOBLE trial [7] showed no difference in out-
comes for male versus female, with both show-
ing an excess of major adverse cardiovascular
and cerebrovascular events (MACCE) with PCI
at 5 years, although no difference in all-cause
mortality.

For those undergoing PCI for LM disease, the
IDEAL-LM (Individualizing Dual Antiplatelet
Therapy After Percutaneous Coronary Inter-
vention in patients with left main stem disease)
study [8] reported that a strategy of short
4-month DAPT (dual-antiplatelet therapy) plus
a biodegradable polymer platinum-chromium
everolimus-eluting stent was non-inferior to a
strategy of conventional 12-month DAPT plus
durable polymer cobalt-chromium everolimus-
eluting stent (DP-CoCr-EES), with respect to a
composite of death, MI or target vessel revas-
cularisation at 2 years. However, the shorter
DAPT strategy did not show any reduction in
bleeding events.

The Complete Revascularization with Mul-
tivessel PCI for Myocardial Infarction (COM-
PLETE) trial previously reported that complete
versus culprit-only PCI had lower risk of

Table 1 continued

Trial Clinical question Design Main outcomes

Routine Functional Testing or

Standard Care in High-Risk

Patients after PCI trial (POST-

PCI)

Does functional testing in

patients post-PCI with high

risk anatomy improve clinical

outcomes vs. standard care?

Randomised,

parallel trial

1,706 patients

24-month

follow-up

Routine functional testing post-

PCI does not reduce mortality,

MI or hospitalisation at 2 years

Randomised Controlled Trial to

Assess Whether Computed

Tomography Cardiac

Angiography Can Improve

Invasive Coronary Angiography

in Bypass Surgery Patients trial

(BYPASS CTCA)

In patients with previous CABG

undergoing angiography, does

CTCA reduce procedure

duration and complications?

Randomised

trial

688 patients

12-month

follow-up

Pre-angiogram CTCA reduced

procedure duration and

associated complications with

improvement in patient

satisfaction scores
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cardiovascular (CV) death/myocardial infarc-
tion (MI) over 3 years of follow-up. In a new pre-
specified analysis [9], complete versus culprit-
only PCI was associated with a greater absence
of residual angina (87.5% vs. 84.3%; P = 0.013)
and improved quality of life, as assessed via the
19-item Seattle Angina Questionnaire, includ-
ing reduced physical limitation.

Improving PCI outcomes in patients with
diabetes remains a focus of several trials. The
Second-generation drUg-elutinG Stents in diA-
betes: a Randomized Trial (SUGAR trial), which
randomised 1175 patients with diabetes and
CAD to an amphilimus-eluting stent (Cre8
EVO) vs. conventional Resolute Onyx stent,
previously reported that the Cre8 stent met
non-inferiority and was associated with a pos-
sible 35% reduction in Target Lesion Failure
(TLF) at 12 months [10]. However, by 2 years
[11], the difference in TLF was no longer sig-
nificant (10.4% vs. 12.1%; HR 0.84; 95% CI
0.60–1.19) with numerical but non-significant
differences in the individual components of
cardiac death (3.1% vs. 3.4%), target vessel MI
(6.6% vs. 7.6%), and target lesion revascular-
ization (4.3% vs. 4.6%). While these 2-year
results were disappointing, we await results of
further studies of new stents in this clinical
setting, including the ABILITY trial
(NCT04236609) comparing an Abluminus
DES ? sirolimus-eluting stent system versus
Xience.

Quantitative flow ratio (QFR), an angiogra-
phy-based approach to estimate the fractional
flow reserve, previously reported superiority
versus conventional angiography guidance at
1 year in the FAVOR III (Comparison of Quan-
titative Flow Ratio Guided and Angiography-
Guided Percutaneous InterVention in Patients
With cORonary Artery Disease) trial [1]. New
data report that the benefit with the QFR-gui-
ded strategy was sustained at 2 years, associated
with a 34% reduction in the composite of death,
MI or ischaemia-driven revascularization [8.5%
vs. 12.5%; HR 0.66 (95% CI 0.54–0.81)] [12].
The degree of outcome improvement was
greatest amongst those patients in whom the
pre-planned PCI strategy was modified by QFR.

Current ESC guidelines give post-PCI
surveillance with stress testing with a Class IIb

recommendation. The POST-PCI (Routine
Functional Testing or Standard Care in High-
Risk Patients after PCI) trial randomised 1706
patients at 1 year after PCI to routine functional
testing (nuclear stress testing, exercise electro-
cardiography, or stress echocardiography) ver-
sus standard care [13]. Use of routine functional
testing failed to show any reduction in the pri-
mary outcome of death MI, or hospitalization
for unstable angina at 2 years (5.5% vs. 6.0%;
HR, 0.90; 95% CI 0.61–1.35; P = 0.62), sup-
porting standard care in these patients.

Procedural time in graft-angiography studies
may be much longer than a non-graft cases. The
Randomised Controlled Trial to Assess Whether
Computed Tomography Cardiac Angiography
Can Improve Invasive Coronary Angiography in
Bypass Surgery Patients (BYPASS CTCA), ran-
domised 688 prior CABG patients to CTCA prior
to coronary angiography versus standard care.
Those who underwent prior CTCA had a shorter
procedure duration (mean 17.4 vs. 39.5 min; OR
- 22.12; 95% CI - 24.68 to - 19.56), less con-
trast during the invasive angiogram (mean 77.4
vs. 173 mls), less contrast-induced nephropathy
(3.2% vs. 27.9%; P\0.0001) and 40% greater
patient satisfaction [14]. BYPASS CTCA thus
supports consideration of prior CTCA particu-
larly with more complex or uncertain graft
location or patients at greater renal risk.

The 2018 ESC guidelines recommend radial
access for PCI unless overriding procedural
considerations. A new patient-level meta-anal-
ysis of 7 trials, incorporating 21,700 patients
reported that, at 30 days, transradial versus
transfemoral access was associated with a 23%
reduction in all-cause mortality (1.6% vs. 2.1%;
P = 0.012) and 45% reduction in major bleeding
(1.5% vs. 2.7%; P\0.001) [15]. However, tran-
sradial access is not without complications, the
commonest of which is radial artery occlusion.
In the RIVARAD (Prevention of Radial Artery
Occlusion With Rivaroxaban After Transradial
Coronary Procedures) trial, 538 patients were
randomised following coronary angiography to
rivaroxaban 10 mg once daily for 7 days versus
standard care (no rivaroxaban) [16]. At 30 days,
use of rivaroxaban was associated with a 50%
reduction in radial artery occlusion as defined
by ultrasound (6.9% vs. 13.0%; OR 0.50; 95% CI
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0.27–0.91). Bleeding Academic Research Con-
sortium (BARC)-defined bleeding events were
numerically but not significantly higher in the
rivaroxaban group (2.7% vs. 1.9%; OR 1.4; 95%
CI 0.4–4.5). To assess whether distal radial
artery puncture might reduce occlusion rates,
the Distal Versus Conventional Radial Access
DISCO-RADIAL) trial randomised 1,307 patients
to distal versus conventional radial access [17].
Distal access was associated with shorter median
hemostasis time (153 vs. 180; P\0.001), but
radial artery spasm was more common (5.4% vs.
2.7%; P = 0.015), crossover rates were higher
(7.4% vs. 3.5%; P = 0.002) and no difference in
the primary endpoint of occlusion on vascular
ultrasound was noted at discharge (0.31% vs.
0.91%; P = 0.29).

While radial access now considered prefer-
able, transfemoral access is still required in cer-
tain cases. As transfemoral operator skills may
potentially decline through reduction in vol-
ume or lack of experience, ultrasound-guided
access techniques are increasingly being used.
The UNIVERSAL (Routine Ultrasound Guidance
for Vascular Access for Cardiac Procedures) trial
randomised 621 patients to femoral access with
ultrasound guidance and fluoroscopy versus
fluoroscopy alone [18]. Interestingly, and in
contrast with previous trials, ultrasound guid-
ance was not associated with significant reduc-
tion in the composite of BARC 2, 3, and 5
bleeding or major vascular complication at
30 days (12.9% vs. 16.1%; p = 0.25).

The strategy of multi-arterial CABG is
endorsed by surgical guidelines but takes
longer, is more technically demanding and can
be associated with increased complications,
such as deep sternal wound infections. An
observational single-centre study by Momin
et al. of 2979 patients undergoing isolated
CABG (from 1999 to 2020) [19] reported those
receiving total arterial revascularization had the
longest mean survival (18.7 years) versus single
internal mammary artery (SIMA) plus vein
grafts 16.1 years; P\0.00001) versus vein grafts
only (10.4 years; P\0.00001). Interestingly,
survival with total arterial revascularization was
not significantly different to SIMA plus radial
artery ± vein grafting (18.60 years). This study
supports the durability of arterial grafting,

although conclusions are limited by its non-
randomised design. Conversely, Saadat et al.
stratified 241,548 patients from the Society of
Thoracic Surgeons (STS) database undergoing
isolated CABG in 2017 [20] into 3 groups: single
arterial (86%), bilateral internal thoracic artery-
multi-arterial (BITA-MABG; 5.6%), and radial
artery multiarterial (RA-MABG; 8.5%). After risk
adjustment, the observed to expected event (O/
E) ratios showed no significant difference in
mortality between the three strategies (1.00 vs.
0.98 vs. 0.96) and the risk of deep sternal wound
infection was highest in the BITA-MABG group
(1.91 vs. 0.90 vs. 0.96). Given the ongoing data
uncertainty, results from the prospective ran-
domised ROMA trial are eagerly awaited
(NCT03217006).

Structural: Aortic Valve Interventions
There has been a dramatic expansion in tran-
scatheter aortic valve interventions over the
past decade [1]. A recent analysis of US registry
data conducted by Sharma et al. reported a near
doubling in transcatheter aortic valve replace-
ment (TAVR) volume overall between 2015 and
2021 (44.9% vs. 2021, 88%, P\0.01), including
a 2.7 fold increase in those\65 years (now
similar to surgical aortic valve replacement
(SAVR) (47.5% TAVR vs. 52.5% SAVR, P = ns)
particularly in younger patients with heart fail-
ure (HF) (OR 3.84; 95% CI 3.56–4.13;
P\0.0001), or prior CABG (OR, 3.49; 95% CI,
2.98–4.08; P\0.001) [21]. These numbers may
further increase across all risk categories with
the early long-term data from the seminal
PARTNER (Placement of AoRTic TraNscathetER
Valve Trial) trials awaited.

Emerging evidence from trials such as AVA-
TAR (Aortic Valve Replacement Versus Conser-
vative Treatment in Asymptomatic Severe Aortic
Stenosis) and RECOVERY (Early Surgery Versus
Conventional Treatment in Very Severe Aortic
Stenosis) suggests that early intervention for
severe aortic stenosis (AS), before patients
develop symptoms, may be of benefit [1]. In a
pooled analysis of key trials (PARTNER2A, 2B
&3) involving 1974 patients (mean age 81 years;
45% women), Généreux et al. evaluated the
relationship between cardiac damage at baseline
and prognosis in patients with severe
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symptomatic AS who underwent AVR (40%
SAVR, 60% TAVI) [22]. Baseline cardiac damage
was defined using a 0–4 scoring system (0 = no
damage and 4 = biventricular failure). Baseline
damage correlating strongly with 2-year mor-
tality (HR 1.51 per higher stage; 95% CI
1.32–1.72) with each increase in stage conferred
a 24% increase in mortality (P = 0.001) (from
stage 0 = 2.5% to stage 4 = 28.2%) suggesting a
role for earlier intervention. Several ongoing
trials, such as EARLY TAVR (Evaluation of TAVR
Compared to Surveillance for Patients With
Asymptomatic Severe Aortic Stenosis), TAVR
UNLOAD (Transcatheter Aortic Valve Replace-
ment to UNload the Left Ventricle in Patients
With ADvanced Heart Failure) and PROGRESS
(Management of Moderate Aortic Stenosis by
Clinical Surveillance or TAVR), aim to answer
these questions directly.

Valve in valve (VIV) TAVR is being increasing
utilised in patients with failed AVR; however, it
remains unclear whether these patients do bet-
ter with or without balloon valve fracture (BVF).
In a registry analysis of 2975 patients undergo-
ing VIV-TAVR (with balloon-expandable
SAPIEN 3 or SAPIEN 3 Ultra) between December
2020 and March 2022, Garcia et al. [23] reported
that BVF versus no BVF led to larger mean valve
area (1.6 vs. 1.4 cm2; P\0.01) and lower mean
valve gradient (18.2 vs. 22.0 mm Hg; P\0.01)
but also to higher rates of death or life-threat-
ening bleeding (OR 2.55; 95% CI 1.44–4.50) and
vascular complications (OR 2.06; 95% CI
0.95–4.44). However, sub-analysis suggested the
increase in mortality was mainly if BVF under-
taken before VIV-TAVR (OR 2.90; 95% CI
1.21–6.94), whereas no difference was noted if
undertaken after VIV-TAVR. This suggests that
VIV-BVF should only be performed once the
operator has a new TAVR in place.

While designed primarily for AS, conven-
tional TAVR devices have sometimes utilised for
the treatment of severe aortic regurgitation
(AR). The novel trilogy heart valve system,
specifically developed for AR, and was evaluated
in 45 patients (mean age 77, 40% female, mean
Euroscore 7.1%) with moderate to severe AR by
Tamm et al. [24]. The primary endpoint, a
reduction in C 1 AR grade, was met in 100% of
cases. There were no episodes of stroke, death,

or conversion to open surgery, but 9 patients
(23%) required permanent pacing.

Subclinical leaflet thrombosis (SLT) is a rela-
tively common complication of TAVR; how-
ever, the optimal treatment strategies, whether
with anticoagulation or antiplatelets, remain
contested. The multicentre ADAPT TAVR
(Edoxaban vs. DAPT in reducing subclinical
leaflet thrombosis and Cerebral Thromboem-
bolism After TAVR) randomised 229 patients
(mean age 80.1 years; 41.9% men) undergoing
TAVR for symptomatic severe AS, and without
other indication for OAC, to edoxaban 60 mg or
30 mg once daily versus DAPT with aspirin and
clopidogrel [25]. At 6 months, Edoxaban, by
intention to treat analysis, was associated with a
trend to reduced SLT as assessed by cardiac CT
(9.8% vs. 18.4%; P = 0.076) and, in contrast to
prior trials with DOAC post-TAVR, there was no
difference in bleeding rates (11.7% vs. 12.7%;
P = ns). Interestingly, a secondary per-protocol
analysis focusing on patients with high com-
pliance did reach statistical significance (19.1%
vs. 9.1%; risk ratio 0.48; 95% CI 0.23–0.99).
However, despite the use of serial brain MRI,
there was no difference in the presence/number
of cerebral lesions and no difference in neu-
rocognitive outcomes including stroke at
6 months.

Giustino et al. reported a new secondary
analysis from the GALILEO trial (Rivaroxaban-
based Antithrombotic Strategy to an Antiplate-
let-based Strategy After TAVR to Optimize
Clinical Outcomes) which, as described previ-
ously [[4]], had randomised 1644 patients post-
TAVR without an indication for oral anticoag-
ulation (OAC) to rivaroxaban 10 mg plus aspirin
versus DAPT with aspirin plus clopidogrel for
90 days, but was stopped early due to higher
thromboembolic bleeding and mortality events
in the Rivaroxaban group [26]. In the new
analysis, thromboembolic events appeared to be
associated with higher risk of mortality (HR
8.41; 95% CI 5.10–13.87) versus BARC 3 bleed-
ing (HR 4.34; 95% CI 2.31–8.15). Furthermore,
this mortality risk appeared higher than that
conferred by known risk factors such as age
(adjusted HR 1.04; 95% CI 1.01–1.08) and
chronic obstructive pulmonary disease (COPD)
(adjusted HR 2.11; 95% CI 1.30–3.41).
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These findings along with previous data from
ALANTIS (AntiThrombotic Strategy After Trans-
Aortic Valve Implantation for Aortic Stenosis)
and ENVISAGE-TAVI AF (Edoxaban Compared
to Standard Care After Heart Valve Replacement
Using a Catheter in Patients With Atrial Fibril-
lation) show how the role of DOACs post-TAVI
remains uncertain [1]. However, given the dev-
astating impact of thromboembolic events in
this patient group, ongoing research is war-
ranted. The absence of a bleeding signal with
DOAC in ADAPT TAVR, in which most received
lower dose Edoxaban, suggests that lower dose
DOAC for a short duration while the valve is
endothelialising may improve the risk/benefit
ratio.

Another area of current contention is the use
of cerebral embolic protection (CEP) to reduce
risk of stroke. While current guidance does not
mandate use, some operators use in high-risk
cases [27]. Kaur et al. conducted a meta-analysis
of 1,016 patients (mean age 81.3 years) from
several randomised trials (DEFLECT III, MIS-
TRAL-C, CLEAN-TAVI, SENTINEL, and REFLECT
I and II) evaluating the TriGuard (Keystone
Heart) and Sentinel devices versus standard
care. At 30 days, CEP was not associated with a
reduction in the primary outcome of all-cause
stroke (RR 0.93; 95% CI 0.57–1.53), nor a
reduction in mortality. Subsequently, the PRO-
TECTED TAVR (Stroke PROTECTion With SEn-
tinel During Transcatheter Aortic Valve
Replacement) trial randomised 300 patients
(mean age 72 years, 40% female) to CEP with a
Sentinel device versus standard care [28]. Again,
no significant difference in primary outcome of
stroke at 72 h was noted (2.4% vs. 2.9%,
P = 0.30), although numbers were relatively
small. The results of BHF PROTECT TAVI (Bri-
tish Heart Foundation Randomised Clinical
Trial of Cerebral Embolic Protection in Tran-
scatheter Aortic Valve Implantation) plans to
enrol 7000 patients and findings are eagerly
awaited.

Stuctural: Mitral and Tricuspid Valve
interventions
The favourable findings in COAPT (Cardiovas-
cular Outcomes Assessment of the MitraClip
Percutaneous Therapy for Heart Failure Patients

With Functional Mitral Regurgitation [MR)
helped lead to device approval [1]. However, it
has been suggested the reason COAPT was
favourable was the strict eligibility criteria,
mandating LVEF C 20% to B 50%, left ventric-
ular end-systolic dimension (LVESD) B 70 mm
and failure of aggressive medical therapy [4].

EXPAND (A Contemporary, Prospective
Study Evaluating Real-world Experience of Per-
formance and Safety for the Next Generation of
MitraClip Devices) [29] was a prospective mul-
ticentre registry of 1,041 patients with site-re-
ported MR 3 ? /4 ? were enrolled and received
the MitraClip. A recent analysis compared 125
‘‘COAPT-like’’ patients meeting COAPT inclu-
sion criteria versus 128 ‘‘non-COAPT’’ patients.
At 1 year, COAPT-like patients did not show any
difference in the primary outcome of all-cause
mortality (22.6% vs. 19.6%, P = 0.37) or heart
failure hospitalisation (32.6% vs. 25%,
P = 0.08). In keeping with their lower baseline
MR severity, more non-COAPT patients
achieved reduction in MR to mild or less (B 1 ?)
(97.2% vs. 86.5%), suggesting that Mitraclip
may benefit patients beyond the strict COAPT
criteria, but prospective randomised data are
needed, such as the ongoing EVOLVE-MR
(MitraClip for the Treatment of Moderate
Functional Mitral Regurgitation).

Previous data from CLASP (Edwards PASCAL
TrAnScatheter Mitral Valve RePair System
Study) and CLASPII have validated the safety
and efficacy of the Edwards PASCALTM tran-
scatheter valve repair system [1]. CLASP IID
randomised 180 patients with severe degenera-
tive symptomatic MR not eligible for surgery
(mean age 81 years, 67% male, median STS
5.9%) to transcatheter Edge-to-Edge Repair
(TEER) with the Pascal device (Edwards Life-
sciences) vs. MitraClip (Abbott) device [30]. At
30 days, the Pascal device met criteria for non-
inferiority with respect to the composite end-
point of CV death, stroke, MI, renal replace-
ment therapy, severe bleeding and re-
intervention (3.4% vs. 4.8%; P for noninferior-
ity\0.05). Of interest, the proportion of
patients with MR B 1 ? was durable in the
PASCAL group (87.2% discharge vs. 83.7% at
6 months; P = 0.317); whereas MitraClip out-
comes showed some loss of efficacy (88.5%
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discharge vs. 71.2% at 6 months; P = 0.003).
Although only interim data, this hints that the
Pascal device may have superior durability.

ViV-transcatheter mitral valve replacement
(ViV-TMRV) may be utilised in very high-risk
patients without a surgical option on a case-by-
case basis despite paucity of real-world outcome
data. Bresica et al. retrospectively compared
outcomes of 48 patients with bioprosthetic
mitral valve (MV) failure undergoing ViV-TMRV
(mean age 65 years, 63% female, mean STS
7.9%) versus 36 patients undergoing re-do MV
surgery (mean age 58, 72% female, mean STS
7.1%) [31]. ViV-TMVR was not associated with
improvement in 1-year survival (90% vs. 80%,
P = 0.33) and was associated with higher aver-
age postprocedural gradient (8.9 vs. 5.7 mm Hg;
P\0.001). Thus, ViV-TMRV is a good option for
high-risk patients, but in less comorbid patients
may not provide as good a long-term benefit as
surgery, particularly in those with smaller orig-
inal surgical valves. Data to come from the
ongoing PARTNER 3 (Mitral Valve-in-Valve
trial) will be useful to help guide decision-
making in such patients.

Several seminal trials, such as TRILUMMI-
NATE (Abbott Transcatheter lip Repair System
in Patients With Moderate or Greater TR), Tri-
band (TranscatheterRepair of Tricuspid Regur-
gitation With Edwards Cardioband TR System
Post-Market Study) and TRISCEND

(Investigation of Safety and Clinical Efficacy
After Replacement of Tricuspid Valve With
Transcatheter Device), have led to a much
greater focus on transcatheter tricuspid inter-
ventions [1].

CLASP TR (Edwards PASCAL Transcatheter
Valve Repair System Pivotal Clinical Trial), a
prospective single-arm multicentre study, eval-
uated 1-year outcomes of the PASCAL tran-
scatheter valve repair system in 65 patients
(mean age 77 ± 9 years, 55% female, mean STS
7.7%) with severe tricuspid regurgitation (TR)
[32]. In keeping with the high baseline comor-
bidity, major adverse event rate was 16.9%
(n = 11) with all-cause mortality 10.8% (n = 7)
and 18.5% (n = 12) re-admitted with heart fail-
ure. Paired analysis demonstrated significant
improvements in New-York Heart Association
(NYHA) grade (P\0.001), KCCQ score
(P\0.001) and 6-min walk test (6MWT)
(P = 0.014). Importantly, the reduction in TR
severity noted at 30 days (P\0.001) was main-
tained at 1 year (100% had C 1 grade reduction
and 75% had C 2 grade reduction, P\0.001).

TRICLASP (Transcatheter Repair of Tricuspid
Regurgitation With Edwards PASCAL Tran-
scatheter Valve Repair System), a prospective,
single-arm multicentre trial, evaluated 30-day
outcomes in 67 of 74 patients (mean age
80 years, 58% female, mean STS 9%) undergo-
ing the Pascal Ace transcatheter repair system
for severe symptomatic inoperable TR [33]
(Fig. 1). The primary composite outcome of
major adverse events was 3% with 88% achiev-
ing B 1 grade reduction in TR vs. baseline;
P\0.001), along with significant improve-
ments in NYHA, KCCQ score, and 6MWT
(P\0.001). Longer term follow-up data are
awaited.

TriClip-Bright (An Observational Real-world
Study Evaluating Severe Tricuspid Regurgitation
Patients Treated With the Abbott TriClipTM

Device) study [34], a multicentre, prospective
study reported 30-day outcomes for 300
patients (78 ± 7.6 years) undergoing the Triclip
Transcatheter valve repair system (Fig. 2). The
primary endpoint of procedural success (sur-
vival to discharge) was met in 91%. Significant
reductions in both NYHA and KCCQ score were
noted at (P\0.001). The trial is still actively

Fig. 1 The PASCAL ACETM system, designed for
percutaneous tricuspid valve leaflet repair in severe tricus-
pid regurgitation. Reproduced with kind permission by
Edwards Lifesciences LLC, Irvine, CA, USA
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recruiting, with a planned follow-up duration of
1 year.

Structural: Catheter Based Left Atrial
Appendage and Patent Foramen Ovale Closure
While definitive studies to guide patent fora-
men ovale (PFO) closure practice are still lack-
ing, a multidisciplinary consensus statement by
SCAI was published this year [35] recommend-
ing closure in patients aged 18–60 with a PFO-
associated stroke, platypnoea-orthodeoxia syn-
drome with no other cause, and systemic
embolism with no other cause. Of note in the
absence of PFO-associated stroke, the guidance
does not recommend PFO closure in transient
ischaemic attack, AF with ischaemic stroke,
migraine, decompression illness or
thrombophilia.

Several left atrial appendage closure (LAAC)
devices have been approved in recent years with
favourable long-term data published last year
[1] for the Watchman LAAC device (Boston
Scientific). The AMULET IDE trial (Amplatzer
Amulet Left Atrial Appendage Occluder Versus

Watchman Device for Stroke Prophylaxis) [36]
trial randomised patients with non-valvular
atrial fibrillation (AF), not suitable as anticoag-
ulation to LAAC with an Amulet device
(n = 934) versus Watchman device (n = 944). At
3 years, there was no difference in the primary
composite endpoint of CV mortality, ischaemic
stroke or systemic embolism (11.1% vs. 12.7%,
P = 0.31) all-cause mortality (14.6% vs. 17.9%;
P = 0.07) or major bleeding (16.1% vs. 14.7%;
P = 0.46). Similarly, updated data from the US
LAAC registry, comparing the Watchman FLX
to its previous iteration, the Watchman 2.5, was
published this year by Freeman et al. [37] who
reported US LAAC registry outcomes from
54,206 patients (mean age 76 years; 59% men)
undergoing LAAC with the new Watchman FLX
(n = 27,103) versus previous Watchman 2.5
(n = 27,103). In-hospital major adverse events
were significantly lower with the new Watch-
man FLX (1.35% vs. 2.4%, OR 0.57: 95% CI
0.50–0.65) driven by reductions in pericardial
effusion requiring intervention (0.42% vs.
1.23%), device embolization (0.02 vs. 0.06%)

Fig. 2 The TriClipTM G4 Transcatheter Edge-to-Edge
Repair System (Abbott), designed for percutaneous tricus-
pid valve leaflet repair in severe tricuspid regurgitation.

Reproduced with the kind permission of permission of
Abbott, � 2022. All rights reserved
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and major bleeding (1.08% vs. 2.05%). Longer
follow-up will help clarify if technical aspects
between devices confer long-term clinical out-
come advantages.

Despite the evolution of device technology
for LAAC, key clinical questions, such as anti-
coagulation strategy, remain. Freeman et al.
conducted a US LAAC registry analysis of 31,994
patients who underwent Watchman LAAC
between 2016 and 2018. Only 12.2% of patients
received the full anticoagulation protocol
mandated by clinical trials [38] (Fig. 3). In con-
trast to previous European reports from EWO-
LUTION (Registry on WATCHMAN Outcomes
in Real-Life Utilization), the 45-day adjusted
adverse event rate was longer if discharged on
warfarin alone (HR 0.692; 95% CI 0.569–0.841)

or DOAC alone (HR 0.731; 95% CI 0.574–0.930)
versus warfarin plus aspirin, suggesting that
further research is needed to guide the optimal
antithrombotic strategy post-LAAC.

Acute Coronary Syndromes

The ISCHAEMIA trial (Initial Invasive or Con-
servative Strategy for Stable Coronary Disease)
was a previously reported that routine invasive
therapy versus optimal medical therapy (OMT)
in stable patients with moderate ischaemia did
not reduce major adverse events (MAE), but the
possibility of excess events over longer follow-
up was queried. The ISCHAEMIA-EXTEND
study (median follow-up 5.7 years) [39] reported
that while there was still no difference in all-

Fig. 3 Post-Watchman implantation antithrombotic
strategies and associated risk of adverse outcomes. The
most common strategy was warfarin plus aspirin. The
lowest risk of adverse events was seen in groups antico-
agulated with either warfarin or NOAC alone (primarily

driven by reduced bleeding rates). Interestingly, there was
no difference in ischaemia stroke or device-related throm-
bus between groups. Reproduced with the kind permission
of the Journal of the American College of Cardiology [38]
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cause mortality in routine invasive versus
medical therapy (12.7% vs. 13.4%, P = 0.74),
after 2 years the survival curves for cardiovas-
cular (CV) death started to diverge and by
7 years were significantly lower in the routine
invasive group (6.4% vs. 8.6% HR 0.78; 95% CI
0.63, 0.96). Conversely, there was an increase in
non-CV death in the routine invasive group
(5.5% vs. 4.4%, HR 1.44; 95% CI 1.08–1.91). On
balance, this still supports an initial OMT
strategy but highlights the utility of under-
standing anatomy to risk stratify and perhaps
identify those patients who will benefit the
most from CV risk reduction (Fig. 4). Ten-year
follow-up data will prove informative.

New onset, stable chest pain remains a sub-
stantial burden on healthcare systems. SCOT-
HEART (Scottish COmputed Tomography of the
HEART Trial) and PROMISE (PROspective Mul-
ticenter Imaging Study for Evaluation of Chest
Pain) previously reported benefit in early com-
puted tomography coronary angiogram (CTCA)
for the evaluation of stable chest pain[40]. FFR-
CT may further improve CT diagnosis. PRECISE
(Prospective Randomized Trial of the Optimal
Evaluation of Cardiac Symptoms and Revascu-
larization) [41] randomised 2103 patients (mean
age 58 years, 50% women) with suspected CAD
to a risk scoring algorithm (with low-risk
patients deferred and high-risk patients under-
going FFR-CT) versus standard care. At a median
follow-up of 11.8 months, algorithm-guided use
of FFR-CT resulted in markedly lower MACE
(4.2% vs. 11.3%; adjusted HR 0.29; 95% CI
0.20–0.41), driven by a lower rate of catheteri-
sation (4.2% vs. 11.3%; adjusted HR 0.29; 95%
CI 0.20–0.41). There was no difference in all-
cause death. A subsequent cost-effectiveness
analysis is ongoing.

Despite current advances in ACS detection,
prediction of recurrent events remains difficult.
Batra et al. [42] assessed the predictive valve of
biomarker modelling (with hs-TNT, CRP, DGF-
15, cystatin C, NT-proBNP) from 14,221
patients enrolled in PLATO (A Comparison of
Ticagrelor and Clopidogrel in Patients With
Acute Coronary Syndrome) and TRACER (Trial
to Assess the Effects of Vorapaxar (SCH 530,348;
MK-5348) in Preventing Heart Attack and Stroke
in Participants With Acute Coronary trials. An

Fig. 4 Kaplan–Meier survival Curves demonstrating
cumulative event rate of all-cause mortality and CV
mortality at 8 years in the ISCHAEMIA-EXTEND trial.
Notably, a lower 7-year rate CV mortality was demon-
strated in the invasive group [6.4% vs. 8.6%; adjusted
hazard ratio, 0.78 (95% CI, 0.63–0.96)]; however, there
was no difference in all-cause mortality [7-year rate, 12.7%
in invasive strategy, 13.4% in conservative strategy;
adjusted hazard ratio, 1.00 (95% CI, 0.85–1.18)] [39].
Reproduced with the kind permission of Circulation
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outcome model termed ‘‘ABC-ACS Ischaemia’’
predicted 1-year risk of CV death/MI with
C-indices of 0.71 and 0.72 in the development
and validation cohorts, respectively. While
encouraging, such models likely need to be
integrated with additional individual patient
characteristics in improve risk prediction.

Optical Coherence Tomography (OCT) has
demonstrable utility in assessing plaque mor-
phology and so may be useful in delineating
between different aetiologies of ACS. The
Tokyo, Kanagawa, Chiba, Shizuoka, and Ibaraki
active OCT applications for ACS (TACTICS)
registry, evaluated plaque morphology in 702
ACS patients undergoing OCT-guided PCI [43]
and reported rupture was the commonest aeti-
ology (59%), followed by plaque erosion (26%),
and then calcification (4%) (Fig. 5). However, at
12 months, calcified nodules conferred the
worst outcome with a 32.1% MACE rate

compared to 12.4% and 6.2% amongst ruptures
or erosions, respectively.

Antiplatelet therapy

Strategies to shorten DAPT duration post-PCI in
high bleeding risk patients continue to be
evaluated. Longer-term follow-up at 15 months
[44] of the MASTER DAPT (Management of
High Bleeding Risk Patients Post-Bioresorbable
Polymer Coated Stent Implantation With an
Abbreviated Versus Prolonged DAPT Regimen)
confirmed initial results [1], with the incidence
of the composite endpoint (death, MI, stroke,
major bleeding) remaining non-inferiority for
shortened DAPT versus standard care (HR 0.92,
95% CI 0.76–1.12; P = 0.40), but a significantly
lower rate of major bleeding in the short DAPT
group (HR 0.68, 95% CI 0.56–0.83; P = 0.001).
These data, although important, were applied in

Fig. 5 Illustration reproduced from TACTICS registry
demonstrating OCT (Optical Coherence Tomography)
images of the different causes of ACS (Acute Coronary

Syndromes) using OCT-defined morphological assessment.
Reproduced with kind permission from the Journal of
American College of Cardiology [43]
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the context of contemporary stent design such
as the biodegradable-polymer sirolimus-eluting
Ultimaster stent (Terumo) as used in MASTER
DAPT.

Effective reversal of antiplatelets could be
helpful when active bleeding risk outweighs
ischaemic risk, particularly in elderly patients.
No formal antiplatelets reversal agents are cur-
rently licensed; however, an interesting drug
under investigation is Bentracimab—a recom-
binant IgG1 monoclonal antibody antigen-
binding fragment that binds with high affinity
to ticagrelor and its active metabolite. Bhatt
et al., in a phase IIb trial, randomised 205
patients (mean age 61 years, female 50%)
already treated with DAPT for 30 days to Ben-
tracimab (n = 154) versus placebo (n = 51). Use
of Bentracimab was associated with a significant
reduction in the primary endpoint of percent-
age inhibition of P2Y12 reaction units at 4 h
(P\0.0001) without any excess of thrombotic
events or deaths [45]. Further larger-scale phase
III trials are eagerly awaited.

In patients with an indication for antiplate-
let monotherapy, previous studies have sug-
gested a possible benefit for clopidogrel versus
aspirin at least in certain patient subgroups.
PANTHER (P2Y12 inhibitor vs. aspirin
monotherapy in patients with coronary artery
disease) was a meta-analysis of several large,
randomised trials totalling 24,325 patients with
established coronary artery disease (mean age
64 years, 22% women) which compared P2Y12
inhibition (62% clopidogrel, 38% ticagrelor)
versus aspirin [46]. Use of P2Y12 inhibition was
associated with a 12% reduction in the primary
composite outcome of CV death, MI or stroke at
18 months (5.5% vs. 6.3%; HR 0.88; 95% CI
0.79–0.97) driven by a lower risk of MI (HR 0.77;
95% CI 0.66–0.90), but with no difference in
stroke (HR 0.85; 95% CI 0.70–1.02) or bleeding
(6.4% vs. 7.2%; HR 0.89; 95% CI 0.81–0.98).
While firm conclusions are difficult due to the
inclusion of 2 different P2Y12 inhibitors, it
suggested P2Y12 inhibitor may be warranted
instead of aspirin for long-term secondary pre-
vention in patients with coronary artery
disease.

Indobufen is a reversible COX inhibitor with
similar anti-thrombotic effects to aspirin but

less gastrointestinal side effects and potentially
lower risk of bleeding [47]. The OPTION (the
Efficacy and Safety of Indobufen and Low-dose
Aspirin in Different Regimens of Antiplatelet
Therapy) trial randomised 4,551 patients (mean
age 61 years; 65% male) without acute troponin
rise, undergoing PCI with DES to 1 year of DAPT
(indobufen 100 mg BD plus clopidogrel 75 mg;
n = 2258 vs. aspirin plus clopidogrel 100 mg
OD; n = 2293). At 1 year, use of indobufen ver-
sus aspirin meet non-inferiority with respect to
the primary composite outcome (CV death, MI,
stroke, ISR and BARC type 2,3 or 5 bleeding)
(4.47% vs. 6.11%; HR 0.73; 95% CI 0.56–0.94;
P\0.001 for noninferiority). The secondary
safety endpoint of BARC 2, 3 or 5 bleeding was
lower with indobufen (2.97% vs. 4.71%; HR
0.63; 95% CI 0.46–0.85), driven by a reduction
in BARC 2 bleeding (1.68% vs. 3.49%;
P\0.001). These intriguing data suggest a
potential new treatment option particularly for
patients with gastrointestinal bleeding or
aspirin allergy.

Full dose anticoagulation plus antiplatelet
therapy significantly increases bleeding risk but
the role of low-dose anticoagulation for vascular
prevention continues to be studied. Asundexian
is a novel oral activated factor XI inhibitor
which may lower thromboembolic events but
with lower bleeding risk [48]. In the phase II
PACIFIC-AMI trial (Study to Gather Information
About the Proper Dosing and Safety of the Oral
FXIa Inhibitor BAY 2,433,334 in Patients Fol-
lowing an Acute Heart Attack), 1601 patients
(median age 68 years, 23% women) with recent
acute MI were randomised to asundexian
(10 mg, 20 mg or 50 mg) versus placebo in
addition to standard DAPT. At 4 weeks, asun-
dexian was not associated with a significant
increase in the pre-specified safety outcome of
BARC2 bleeding versus placebo 0.98 (90% CI,
0.71–1.35), although there was a numerical
increase in bleeding with higher asundexian
doses. Based on this trial, asundexian 50 mg
daily is being considered for a phase III cardio-
vascular outcomes trial in acute MI.

Asundexian was also evaluated in the phase
IIb PACIFIC-STROKE trial (Study to Gather
Information About the Proper Dosing and
Safety of the Oral FXIa Inhibitor BAY 2,433,334
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in Patients Following an Acute Stroke) which
randomised 1808 patients with non-embolic
ischaemic stroke to asundexian (10 mg, 20 mg
or 50 mg) versus placebo in addition to standard
care including antiplatelet therapy [49]. Asun-
dexian (whether by pooled or individual dose
analysis) was not associated with reduction in
the primary efficacy outcome of ischemic stroke
or overt stroke at 6 months, although the pri-
mary safety outcome of major significant
bleeding was not significantly different [asun-
dexian pooled vs. placebo HR1�57 (90% CI
0�91–2�71)]. It thus remains unclear if asundex-
ian has a useful role in ischaemic stroke.

In current PPCI guidelines, Bivalirudin (Class
IIa) was replaced by unfractionated heparin
(UFH) (Class I) as previous studies reported
equipoise in clinical outcomes but more diffi-
cult drug administration with Bivalirudin.
BRIGHT-4 (Bivalirudin With Prolonged Full
Dose Infusion Versus Heparin Alone During
Emergency PCI) randomised 6,016 PPCI
patients from 63 Chinese centres in open-label
fashion to Bivalirudin bolus plus infusion for a
median of 3 h versus UFH bolus [50]. Patients
underwent predominantly radial PPCI (93%)
without any prior thrombolytic, anticoagulant
or glycoprotein inhibitor treatment. At 30 days,
Bivalirudin was associated with a 31% reduction
in the primary outcome of all-cause or BARC
3–5 bleeding (HR 0.69; 95% CI 0.53–0.91,
P = 0.007), reduced BARC 3–5 bleeding (HR
0.21; 95% CI 0.08–0.54), reduced all-cause
mortality (3.0% vs. 3.6%, P = 0.04), and
reduced stent thrombosis (0.4% vs. 1.1%,
P = 0.0015). Despite these favourable data,
given the inherent difficulties in bivalirudin
delivery and moderate increase in cost versus
UFH, it is unclear if BRIGHT-4 findings will
change practice, although a stronger guideline
recommendation would be expected.

Tongxinluo (TXL) is a traditional Chinese
medicine, approved in China for the treatment
of stroke and angina [51]. CTS-AMI (China
Tongxinluo Study for Myocardial Protection in
Patients With Acute Myocardial Infarction) was
a randomised trial of 3755 patients with STEMI
undergoing PPCI at 124 Chinese centres to TXL
versus placebo (in addition to standard

therapy). Use of TXL was associated with a 36%
reduction in the primary composite outcome of
CV death, revascularisation, MI and stroke at
30 days (3.39% vs. 5.25%; RR 0.64; 95% CI
0.47–0.88) and a 30% reduction in cardiac death
(2.97% vs. 4.24%; RR 0.70; 95% CI: 0.50–0.99).
While the findings are dramatic, further work is
necessary to understand the mechanism of
action of this novel drug and further ran-
domised multicentre trials to confirm efficacy.

Electrophysiology and Devices

Following on from the HIS-Alternative trial (His
Pacing Versus Biventricular Pacing in Symp-
tomatic HF With Left Bundle Branch Block) [1],
which reported similar outcomes with His-
Bundle CRT (His-CRT) versus conventional
biventricular CRT (BiV-CRT), the LBBP-RESYNC
(Left Bundle Branch Versus Biventricular Pacing
For Cardiac Resynchronization Therapy) trial
randomised 40 patients with non-ischaemic
cardiomyopathy, LBBB and an indication for
resynchronisation to left bundle branch CRT
(LBB-CRT) versus standard BiV-CRT pacing [52].
LBB-CRT was associated with a larger improve-
ment in LVEF at 6 months (21.1% vs. 15.6%;
P = 0.039, 95% CI 0.3–10.9), greater reduction
in LV end systolic volumes and greater reduc-
tion NT-proBNP (Fig. 6). Vijayaraman et al.
presented a retrospective analysis of 477
patients [53] comparing those who underwent
conduction pacing (LBB pacing or His-bundle)
versus conventional BiV-CRT. Conduction pac-
ing was associated with a lower incidence of the
primary composite of death or heart failure
hospitalisation (28.3% vs. 38.4%; P = 0.013),
mainly driven by a reduction in HF hospitali-
sations. Vijayaraman et al. also presented a ret-
rospective analysis of 212 patients with rescue
LBB pacing who met indications for CRT but
had coronary venous lead failure or were non-
responders to BiV-CRT [54]. LBB pacing (suc-
cessful in 94%) was associated with improve-
ment in LVEF from 29% at baseline to 40% at
follow-up (P\0.001) (Fig. 7). The MELOS
(Multicentre European Left Bundle Branch Area
Pacing Outcomes Study) registry evaluated 2533

2610 Adv Ther (2023) 40:2595–2625



patients from 14 European centres undergoing
transseptal left bundle branch area pacing
(LBBAP), 27.5% for heart failure and 72.5% for
bradycardia [55]. LB fascicular capture was most
common (69.5%) followed by LV septal capture
(21.5%) then proximal LBB capture (9%).
Overall complication rate was 11.7%, including
ventricular trans-septal complications in 8.3%.
Overall, these trials collectively support the
efficacy and safety of conduction system pacing
as a suitable alternative to conventional BiV-
CRT, although larger randomised trials are
required to formally test superiority.

Infections related to cardiac implanted elec-
tronic devices (CIEDs) have high mortality and
morbidity, and the European heart rhythm
association (EHRA) consensus advises prompt

extraction [56]. Pokornery et al. analysed a
Medicare database of 11,619 patients admitted
with a CIED infection [57] of whom only 2,109
(28.2%) had device extraction within 30 days.
Device extraction versus no extraction was
associated with reduction in 1-year mortality
(HR 0.79, 95% CI 0.70–0.81) and early device
extraction within 6 days versus no extraction
was associated with a 41% reduction in 1-year
mortality (P\0.001).

Subcutaneous ICDs (S-ICDs) have been eval-
uated in previous trials including PRAETORIAN
and UNTOUCHED [58, 59] as an alternative to
transvenous systems for patients at risk of lead
complications or infections. The ATLAS -ICD
(Avoid Transvenous Leads in Appropriate Sub-
jects) trial randomised 593 patients with an

Fig. 6 Central illustration from the LBBP-RESYNC trial
indicating the randomization process and total numbers in
LBBP-CRT group and the BiVP-CRT group. Also bar
graph highlighting the change in LVEF (%) from baseline,

at 6 months of treatment int the LBBP-CRT group 21.1%
vs. 15.6% in the BiVP-CRT group (P = 0.039, 95% CI
0.3–10.9). Reproduced with kind permission from the
Journal of the American College of Cardiology [52]

Adv Ther (2023) 40:2595–2625 2611



indication for ICD to SC-ICD versus transve-
nous ICD (TV-ICD) implantation [60]. SC-ICD
was associated with a 92% reduction in periop-
erative lead complications at 6 months (0.4%
vs. 4.8%; OR 0.08; 95% CI 0.00–0.55), although
the composite safety outcome (including the
primary outcomes plus device-related infection
requiring surgical revision, significant wound
hematoma requiring evacuation or interruption
of oral anticoagulation, MI, stroke/TIA, or
death) was similar (4.4% vs. 5.6%; OR 0.78, 95%
CI 0.35–1.75) and inappropriate shocks were
non-significantly more common (2.7% vs.
1.7%; HR2.37, 95% CI 0.98–5.77).

In heart failure patients, there is contradic-
tory evidence whether defibrillator capability
improves prognosis in patients receiving CRT.
RESET-CRT (Re-evaluation of Optimal Re-syn-
chronization Therapy in Patients with Chronic
Heart Failure) retrospectively compared out-
comes in 847 CRT-P versus 2722 CRT-D patients
undergoing CRT (of whom 27% had a non-

ischaemic aetiology and exclusion criteria
included recent ACS, revascularisation, or any
indication for secondary prevention ICD)[61].
The primary endpoint of all-cause mortality at
2.35 years follow-up (adjusted for age and
entropy balance) was non-inferior for CRT-P
versus CRT-D (HR 0.99, 95% CI 0.81–1.20),
suggesting no mortality benefit with defibrilla-
tor capability in this population.

Atkas et al. compared propensity matched
outcomes of 535 patients with ICD versus 535
patients without ICD from the Empagliflozin
arm of the Emperor-Reduced trial [62]. Those
with ICD versus no ICD had non-significantly
lower mortality (HR 0.74, 95% CI 0.51–1.07,
P = 0.114) and sudden cardiac death (HR 0.59,
95% CI 0.31–1.15, P = 0.122). However, despite
propensity matching, the results were con-
founded by differences in medical therapy
between groups, with more ICD patients
receiving B-blockers and ARNIs but fewer
receiving ACE-I/ARBs and MRAs.

Fig. 7 Graphical abstract from Vijayaraman et al. demon-
strating the improvements in QRS duration (ms), NYHA
class, ejection fraction (%) and end diastolic dimension
(mm) in patients receiving rescue LBBBAP in patients
with lead failure or non-responders. For all patients, the
QRS duration reduced by 31 ms (P\0.001), ejection

fraction increased from 29 to 40% (P\0.001), NYHA
class reduced from between 2.3–3 to\2 (P\0.001) and
end diastolic diameter reduced from 59 to 56 mm
(P\0.001). Reproduced with kind permission from the
Heart Rhythm Journal Ltd [54]
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Ventricular Arrhythmias and SCD

The VANISH (Ventricular Tachycardia Ablation
versus Escalation of Antiarrhythmic Drugs) trial
previously demonstrated superiority with
regards to mortality, VT storm and appropriate
ICD shocks of catheter ablation versus escalated
AAD therapy in patients with previous MI and
VT [63]. A new sub-analysis compared shock-
treated VT events and appropriate shock burden
between the 2 groups. Catheter ablation was
associated with a significant reduction in shock-
treated VT events (39.07 vs. 64.60 per 100 per-
son-years; HR 0.60; 95% CI 0.38–0.95) and total
shock burden (48.35 vs. 78.23; HR 0.61; 95% CI
0.37–0.96).

Prediction risk of sudden cardiac death (SCD)
after MI has typically guided by LVEF\35%,
but many patients with LVEF\35% who
receive ICD never require it, whereas some with
higher LVEF are still at risk of SCD. The addi-
tional predictive value of CMRI, in particular
core scar size and grey zone size, for the PROFID
risk prediction model was investigators in 2,049
patients imaged[40 days post-MI [64]. In the
subgroup without ICD, use of CMRI data versus
no CMRI data significantly improved prediction
of SCD [area under curve (AUC) of model 0.753
vs. AUC 0.618]. In the subgroup with ICD,
addition of CMRI data did not significantly
improve prediction of SCD (AUC 0.598 vs.
0.535). This suggests CMRI may be useful to risk
stratify post-MI and guide ICD use but further
prospective studies are required.

The SMART-MI-ICM trial [1] previously
reported that, in post-MI patients with EF
35–50%, implantable cardiac monitor (ICM) use
versus control was associated with higher rates
of arrhythmia detection although the clinical
significance was unclear. The BIOGUARD-MI
(BIO monitorinG in Patients With Preserved
Left ventricUlar Function AfteR Diagnosed
Myocardial Infarction) trial [65] aimed to assess
the clinical value of arrhythmia detection on
ICM, by randomising 804 patients with
NSTEMI/STEMI to ICM versus standard care.
Use of ICM was not associated with an overall
significant reduction in the primary composite
endpoint of CV death or hospitalisation at
2.5 years (HR 0.84, P = 0.21, 95% CI 0.64–1.10),

although a reduction was noted in the NSTEMI
subgroup (HR 0.69, 95% CI 0.49–0.98). This
subgroup observation can only be hypothesis
generating but is plausible given the more
complex and co-morbid nature of a NSTEMI
population.

Atrial Fibrillation

While smartwatches may improve detection of
atrial fibrillation (AF), including asymptomatic
AF, previous studies have reported high false
positive rates. The mAF-App II trial, which used
Huawei smartwatch photoplethysmography,
reported data from 2.8 million people in China
who downloaded the app [66]. During 4 years
follow-up, 12,244 (0.4%) people received a
query AF notification, 5,227 attended for clini-
cal evaluation with ECG and 24-h Holter mon-
itoring and, within this group, AF was
confirmed in 93.8%. This suggests much better
specificity than previous studies, although the
notification rate was lower than some studies,
reflecting the relatively young population, and
clinical data were not available for the 7017
people who received a notification but did not
attend for evaluation.

Unlike previous Apple, Fitbit and Huawei
studies, E-Brave [67] used the Preventicus
smartphone app and invited 67,488 policy-
holders of a German health insurance
scheme to participate, of whom 5,551 met
inclusion criteria and agreed to enroll (AF naı̈ve,
median age 65 years; 31% female; median
CHA2DS2-VASc of 3) and were randomised to
active AF screening (photoplethysmogram
[PPG] for 1 min twice per day for 2 weeks then
twice weekly for 6 months, plus 2-week loop
recorder if abnormal PPG) versus standard care.
At 6 months, those in the active arm had double
the rate of AF detection requiring OAC treat-
ment (1.33 vs. 0.63%; OR 2.12; 95% CI
1.19–3.76). After 6 months, those without a
new AF diagnosis were invited to cross-over to
the opposite study arm, and, after a further
6 months, active screening with the app again
doubled the detection and treatment of AF
(1.38% vs. 0.51%; OR 2.75; 95% CI 1.42–5.34).
Given the widespread availability of
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smartphones particularly in higher-risk popu-
lations, this may be a useful public health
intervention, although further prospective
studies are required to evaluate clinical out-
comes of treating AF detected in this fashion.

AF has been widely associated with increased
risk of dementia and better control of AF may
reduce this risk. Zeitler et al. using the Optum
Clinformatics database, evaluated the propen-
sity-matched risk of dementia in 19,088
patients following catheter ablation versus
19,088 patents treated with antiarrhythmic
drugs (AAD) for AF [68]. Catheter ablation was
associated with a 41% reduction in risk of
dementia (HR 0.59; 95% CI 0.51–0.68;
P\0.0001) and a 49% reduction in the sec-
ondary endpoint of mortality (HR 0.51, 95% CI
0.46–0.55, P\0.001), supporting the value of
effective AF treatment in this population.

The Augustus trial previously reported the
benefit of apixaban instead of vitamin-K
antagonist (VKA) and ongoing P2Y12i
monotherapy rather than DAPT for patients
with AF and ACS/PCI [4]. Harskamp et al.
undertook a new analysis of 4,386 patients from
Augustus to assess if benefits varied depending
on baseline HASBLED (B 2 vs. C 3) and
CHAD2S2VASc (B 2 vs. C 3) scores [69]. Apixa-
ban was associated with lower bleeding versus
VKA irrespective of baseline risk [HR: 0.57 (HAS-
BLED B 2), HR 0.72 (HAS-BLED C 3); interaction
P = 0.23] and lower risk of death or hospital-
ization (HR 0.92 (CHA2DS2-VASc B 2); HR 0.82
(CHA2DS2-VASc C 3); interaction P = 0.53].
Aspirin versus placebo increased bleeding irre-
spective of baseline risk [HR: 1.86 (HAS-
BLED B 2); HR: 1.81 (HAS-BLED C 3); interac-
tion P = 0.88] with no significant difference in
death or hospitalization [HR: 1.09 (CHA2DS2-
VASc B 2); HR: 1.07 (CHA2DS2-VASc C 3);
interaction P = 0.90].

The INVICTUS (Investigation of Rheumatic
AF Treatment Using Vitamin K Antagonists,
Rivaroxaban or Aspirin Studies) trial [70], ran-
domised 4565 patients with rheumatic mitral
valve and at high risk (CHAD2S2VASc C 2,
mitral valve area B 2cm2, left atrial spontaneous
contrast or thrombus) to Rivaroxaban versus
VKA. Rivaroxaban was associated with increased
incidence of the primary composite endpoint of

stroke, systemic embolus, MI, or death from
vascular/unknown cause (560 vs. 446 events;
HR 1.25, 95% CI 1.10–1.41) despite suboptimal
VKA control (only 33.2% having at appropriate
INR enrolment, and the time in therapeutic
range (TTR) being only 56–65% during follow-
up). Rivaroxaban was also associated with a 37%
increased risk of stroke and 23% increased risk.
Thus, for AF and rheumatic mitral valve disease,
VKA remains preferable to rivaroxaban.

Previous studies reported that high-power,
short duration (HPSD) versus conventional
radiofrequency ablation (RFA) for AF was more
effective with similar safety [1]. The POWER
FAST III (High Radiofrequency Power for Faster
and Safer Pulmonary Vein Ablation) trial ran-
domised 267 patients with AF to HPSD versus
conventional RFA [71]. HPSD was associated
with a reduced ablation time but no difference
in the primary efficacy outcome of freedom of
atrial arrhythmia (99.2% vs. 98.4% in right
pulmonary veins, 100% vs. 100% in left pul-
monary veins) or the primary safety outcome of
oesophageal lesions at endoscopy (7.5% vs.
6.5%; P = 0.94).

Both conventional RFA and cryoablation for
pulmonary vein isolation induce injury to
neurocardiac structures (nerves and ganglia)
which may be detected may release of S100b
levels and post-procedure rise in heart rate [72].
The technique of pulsed field ablation (PFA)
may reduce neurocardiac trauma. Lemoine et al.
randomised 56 patients to PFA versus cryoabla-
tion for AF. In those treated with PFA versus
cryoablation, troponin I levels were 3 times
higher (P\0.01), indicating more myocardial
injury, but S100b levels were 2.9 times lower
(P\0.001), and there was no increase in post-
procedural heart rate (vs. marked increase with
cryoablation; P\0.01), indicating less neuro-
cardiac damage with PFA. In addition, proce-
dural success and durability of PFA appears
encouraging. Keffer et al. evaluated 41 patients
undergoing pulmonary vein PFA [73]. The pri-
mary outcome of AF[30 s or atrial tachycardia
after a 30-day blanking period detected on
7-day Holter monitoring at 3 and 6 months
occurred in 5 patients, of whom 3 underwent
redo ablation during which all pulmonary veins
were found to be still isolated.
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EAST-AFNET 4 previously reported a benefit
of early rhythm control versus standard care in
patients with AF [1], but there has been a pau-
city of data regarding initial ablation in such
patients. In PROGRESSIVE-AF (a 3-year follow-
up of the EARLY-AF trial), 303 patients with
newly diagnosed symptomatic paroxysmal AF
were randomised to upfront ablation versus
AAD [74]. Ablation was associated with a 75%
reduction in the primary outcome of progres-
sion to persistent AF/flutter/tachycardia requir-
ing cardioversion (1.9% vs. 7.4%; HR 0.25; 95%
CI 0.09–0.70), a 49% reduction in any atrial
arrhythmia[30 s (56.5% vs. 77.2%; HR 0.51;
95% CI 0.38–0.67), a 69% reduction in hospi-
talisations (5.2% vs. 16.8%; RR 0.31; 95% CI
0.14–0.66) and 53% reduction in adverse effects
(11% vs. 23.5%; RR 0.47; 95% CI 0.28–0.79).

Use of botulinum toxin A to reduce AF was
assessed in the NOVA (NeurOtoxin for the
PreVention of Post-Operative Atrial Fibrillation)
study which randomised 323 patients under-
going cardiac (bypass and/or valve) surgery to
epicardial botulinum toxin A (125 units or 250
units) versus placebo [75]. Overall, botulinum
125 units or 250 units versus placebo was not
associated with a reduction in the primary
outcome of AF[30 s at 30 days (RR 0.80; 95%
CI 0.58–1.10 and RR 1.04; 95% CI 0.79–1.37),
respectively, although in the patient sub-
group[65 years, botulinum 125 units was
associated with AF reduction (RR 0.64; 95% CI
0.43–0.94) which may be considered hypothe-
sis-generating and warrant further study.

Etripamil is a novel non-dihydropyridine
calcium channel blocker, which may be given as
a nasal spray, for acute treatment of patients
with paroxysmal supraventricular tachycardia
(PSVT) or AF. The RAPID (Efficacy and Safety of
Etripamil for the Termination of Spontaneous
PSVT) study [76] screened 706 patients with
PSVT ultimately assigning in random fashion
135 patients to etripamil versus 120 to placebo.
Etripamil was associated with more than double
the primary outcome of conversion to sinus
rhythm within 30 min (64.3% vs. 31.2%; HR
2.62; 95% CI 1.66–4.15) and a median time to
conversion of 17 min (almost 3 times quicker
than placebo).

Heart Failure

Previous studies have shown the selective car-
diac myosin activator Omecamtiv Mecarbilon
may improve CV outcomes in HFrEF patients
[1, 76]. To assess functional impact, the
METEORIC-HF (Effect of Omecamtiv Mecarbil
on Exercise Capacity in Chronic Heart Failure
With Reduced Ejection Fraction) trial [78] ran-
domised 276 patients with LVEF B 35%; NYHA
II-III (in 2:1 fashion) to Omecamtiv Mecarbilon
versus placebo for 20 weeks, in addition to
standard therapy. Surprisingly, despite good
tolerability and the previous favourable CV
outcome data, Omecamtiv Mecarbilon was not
found to improve exercise capacity (assessed by
peak oxygen uptake on cardiopulmonary exer-
cise stress testing).

A major stumbling block in optimising HF
medications can be hyperkalaemia. Patiromer, a
non-absorbed sodium-free potassium-binding
polymer increases faecal potassium excretion.
The DIAMOND (Patiromer for the Management
of Hyperkalemia in Subjects Receiving RAASi for
HFrEF) trial [79] randomised 1642 patients with
HFrEF and renin–angiotensin–aldosterone sys-
tem inhibitor (RAASi)-related hyperkalaemia to
Patiromer versus placebo. Over a period of
13–42 (mean 27) weeks, Patiromer was associ-
ated with less increase in potassium (adjusted
mean change ? 0.03 vs. ? 0.13 mmol/l; 95% CI
–0.13 to 0.07; P\0.001). The risk of hyper-
kalamia and need for reduction of MRA dose
were numerically (although not statistically)
lower. These important findings support Patir-
omer being incorporated in local HF protocols.

Implementation of HF guidelines can be
hampered by many factors. PROMPT-HF
(PRagmatic trial of Messaging to Providers about
Treatment of Heart Failure) [80] randomised
1310 patients with HFrEF, not already taking all
four pillars of therapy to a strategy of targeted,
tailored electronic healthcare record alerts to
optimise guideline-directed medical therapy
(GDMT) versus standard care. The electronic
alert strategy was associated with a significant
increase in the number of drug classes pre-
scribed at 30 days (26% vs. 19%; adjusted RR
1.41; 95% CI: 1.03–1.93; P = 0.03; number
needed to alert = 14).
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In an impressive attempt to improve sec-
ondary prevention therapy delivery, the
SECURE (Secondary Prevention of Cardiovas-
cular Disease in the Elderly Trial) trial [81] ran-
domised 2499 patients with MI B 6 months to
an open label polypill, comprising aspirin
100 mg, ramipril (2.5, 5 or 10 mg) and atorvas-
tatin (20 or 40 mg), versus standard care. At
3-year follow-up, use of the polypill was asso-
ciated with a 24% reduction in the primary
endpoint of CV death, type 1 MI or ischaemic
stroke (9.5% vs. 12.7%; HR 0.76, 95% CI:
0.6–0.96; P = 0.02).

Sodium-glucose cotransporter-2 inhibitors
(SGLT2i) trials continue to dominate HF
research. A meta-analysis of 13 SGLT2i trials
involving 90,413 participants (82 reported a
37% reduction in risk of progressive renal dys-
function 37% (RR 0�63, 95% CI 0�58–0�69) and a
23% reduction in risk of CV death or HF hos-
pitalisation (RR 0�77; 0�74–0�81). Effects were
similar in diabetics versus non-diabetics and
regardless of baseline renal function (Fig. 8).

When first introduced and before reno-pro-
tective properties became clear, SGLT2i use was
restricted to patients with eGFR[60 to opti-
mise glycaemic control. EMPA-KIDNEY (Study
of Heart and Kidney Protection With Empagli-
flozin) [83] randomised 6609 patients with
impaired renal function (eGFR 20 to\45, or
eGFR 45 to\90 plus urinary albumin-to-crea-
tinine ratio[200) to empagliflozin versus pla-
cebo. At 2 years, empagliflozin was associated
with a 28% reduction in the primary endpoint
of progression of kidney disease (defined as end-
stage kidney disease, eGFR\10, decrease in
eGFR C 40% from baseline, death from renal
causes) or CV death (13.1% vs. 16.9% of the
control group (HR 0.72; 95% CI: 0.64–0.82;
P\0.001).

The EMPULSE (Empagliflozin in Patients
Hospitalized for Acute Heart Failure) trial [84]
randomised 530 acutely decompensated
patients hospitalised with HF, regardless of
ejection fraction or diabetic status to Empagli-
flozin versus placebo. Those with IV

Fig. 8 Primary efficacy outcome and components demon-
strated in the EMPULSE trial using the stratified win
ratio. Overall, a win ratio of 1.36 was found in favour of

empagliflozin (95% CI: 1.09–1.68, P = 0.0054) [84].
Reproduced with the kind permission of the Nature
publishing group
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vasodilators, IV inotropes, requiring increasing
IV diuretic doses, cardiogenic shock or recent
ACS were excluded. Empagliflozin versus pla-
cebo was more frequently associated clinical
benefit in the primary composite endpoint of
death, number of HF events, time to first HF
event, and change in Kansas City Cardiomy-
opathy Questionnaire-Total Symptom Score at
90 days (stratified win ratio 1.36; 95% CI
1.09–1.68; P = 0.0054) (Fig. 8).

The DELIVER (Dapagliflozin in Heart Failure
with Mildly Reduced or Preserved Ejection
Fraction) study [85] randomised 6263 hospi-
talised or recently hospitalised patients with HF
and LVEF[40% to dapagliflozin versus pla-
cebo. Dapagliflozin was associated with an 18%
reduction in the primary endpoint of death or
worsening HF (16.4% vs. 19.5%; HR 0.82, 95%
CI 0.73–0.92; P\0.001).

Acetazolamide, a carbonic anhydrase inhi-
bitor, through reduction of proximal tubular
sodium reabsorption, may improve the effi-
ciency of loop diuretics, potentially leading to
faster decongestion in patients with acute
decompensated heart failure. The ADVOR
(Acetazolamide in Decompensated Heart Failure
with Volume Overload) study [86] randomised
519 patients with decompensated HF patients
to IV acetazolamide (500 mg daily) versus pla-
cebo in addition to IV loop diuretics (at twice
the oral maintenance dose) examining the role.
Acetazolamide was associated with a 46%
improvement in attaining the primary endpoint
of absence of signs of fluid overload at 3 days
(42.2% vs. 30.5%; RR 1.46, 95% CI 1.17–1.82;
P\0.001) with higher urine output and natri-
uresis but without an excess of acute kidney
injury, hypokalaemia, or hypotension.

While the importance of optimised dosing of
HF treatment is well established, since HF
therapies may be associated with hypotension
and renal decline, the ideal rate of titration is
less clear. The STRONG-HF (Safety, Tolerability
and Efficacy of Rapid Optimization, Helped by
NT-proBNP Testing, of Heart Failure Therapies)
trial [87] randomised 1078 patients admitted to
hospital with acute HF to rapid up-titration
(achieving full recommended doses within
2 weeks of discharge) versus usual care. Rapid
up-titration was associated with a significantly

lower rate of readmission for HF or all-cause
death (15.2% vs. 23.3%; 95% CI 2.9–13.2;
P = 0.0021), approximately a 10% increase in
adverse events, but a similar rate for serious
adverse events.

IV iron has a Class IIa recommendation for
patients with HF and anaemia. Most trials have
used ferric carboxymaltose. IRONMAN (Intra-
venous ferric derisomaltose in patients with
heart failure and iron deficiency in the UK) [88]
randomised 1,137 patients with chronic HF and
iron deficiency (LVEF\45%, with Transferrin
saturation\20% or ferritin\100 lg/l) to ferric
derisomaltose (which can be given as a rapid,
high-dose infusion) versus usual care. At a
median fgollow up of 2.7 years, ferric deriso-
maltose showed a trend to reduction in the
primary composite endpoint of HF hospitalisa-
tion and CV death (336 vs. 411 events; RR 0.82,
95% CI 0.66–1.02; P = 0.07) and a significant
reduction in HF hospitalisations. Since study
outcomes may have been confounded by the
COVID-19 pandemic, a pre-specified analysis
censoring follow-up on September 30, 2020 was
undertaken which reported a significant reduc-
tion in the primary endpoint (210 vs. 280
events; RR 0�76 [95% CI 0�58 to 1�00];
P = 0�047).

Myosin inhibition using mavacamten in
patients with obstructive hypertrophic car-
diomyopathy was examined in the VALOR-
HCM (Mavacamten in Adults With Symp-
tomatic Obstructive HCM Who Are Eligible for
Septal Reduction Therapy) trial [89] which ran-
domised 112 patients eligible for septal reduc-
tion therapy (SRT) to mavacamten (starting at
5 mg and titrating using LVEF and LVOT gra-
dient) versus placebo. After 16 weeks follow-up,
mavacamten was associated with marked
reduction in obstructive parameters with only
17.9% still meeting guideline criteria for SRT
(vs. 76.8% of placebo patients; 95% CI:
0.44–0.74; P\0.001).

Prevention

Lipoprotein[Lp] (a) is highly genetically deter-
mined and higher levels are associated with an
increased risk of CV disease. Statins have
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minimal effect and PCSK9i only modest effect
but Olpasiran, a small interfering RNA (siRNA)
may enable significant Lp(a) reduction. In the
OCEAN(a)-DOSE TIMI 67 trial [90], 281 patients
with elevated Lp(a)[150 nmol/L were ran-
domised to 1 of 4 olpasiran doses (10 mg,
75 mg, or 225 mg every 12 weeks, or 225 mg
every 24 weeks) versus placebo. By 36 weeks, the
4 doses of olpasiran were associated with pla-
cebo-adjusted percent reductions in Lp(a) con-
centration of 70.5%, 97.4%, 101.1%, and
100.5%, respectively, along with useful reduc-
tions in low-density lipoprotein (LDL) choles-
terol and apolipoprotein B. In addition to
Olpasiran, other siRNA drugs are in develop-
ment including SLN360, and pelacarsen, an
mRNA-based antisense oligonucleotide target-
ing the Lp(a) gene being studied in the
8000-patient outcomes study, Lp(a)HORIZON
which will hopefully clarify if reduction of
Lp(a) is of benefit [91].

Perceived myalgia remains an important
limitation for statin adherence. The Cholesterol
Treatment Trialists’ Collaboration evaluated
incidence of myalgia in a meta-analysis [92] of
19 double-blind trials of statin versus placebo
(n = 123,940) and four double-blind trials of
more versus less intensive statin regimen
(n = 30,724). For the 19 placebo-controlled tri-
als, statin use was associated with a 3% increase
in reported muscle pain or weakness at a med-
ian 4�3 years follow-up (27.1% vs. 26.6%; RR
1.03, CI 95% 1.01–1.06), but the excess was
mainly during the first year, when statin use
was associated with an absolute excess of 11
events per 1000 person-years. Similarly, a small
increase in reported muscle pain or weakness
was seen with higher versus lower intensity
statin groups, (36.1% vs. 34.8%; RR 1.05, CI
95% 1.01–1.09). In summary, while statin
therapy can cause myalgia, most ([90%)
reports of muscle symptoms by participants
allocated statin therapy were not due to the
statin.

The FOURIER-OLE (Fourier Open-label
Extension Study in Subjects With Clinically
Evident Cardiovascular Disease in Selected
European Countries) [93] evaluated the long-
term follow-up of the FOURIER study in 6635
patients randomised to the PCSK9 inhibitor

Evolocumab versus placebo. At a median of
5 years, Evolocumab was associated with resul-
ted in a 20% reduction in CV death, MI or
stroke (HR 0.8, 95% CI 0.68–0.93; P = 0.003)
with low risk of adverse events.

Elevated uric acid is recognised as an inde-
pendent risk factor for CV events. The ALL-
HEART (Allopurinol versus usual care in UK
patients with ischaemic heart disease) study [94]
randomised 5721 patients[60 years with
ischaemic heart disease but no history of gout to
allopurinol (up-titrated to maximum of 600 mg)
versus placebo. However, over a mean of
4.8 years follow-up, allopurinol was not associ-
ated with reduction in the primary endpoint of
CV death, MI or stroke (11% vs. 11.3%;
P = 0.65).

The endothelin pathway has been implicated
in the pathogenesis of hypertension, but is
currently not targeted therapeutically, leaving
this pathway unopposed with currently avail-
able drugs. The global PRECISION (Dual
endothelin antagonist aprocitentan for resistant
hypertension) trial [95] randomised 730
patients with hypertension resistant to at least 3
antihypertensives to the dual endothelin
receptor antagonist aprocitentan aprocitentan
12�5 mg or 25 mg versus placebo in a 1:1:1
fashion. At 4 weeks, aprocitentan was associated
with met the primary endpoint with greater
systolic blood pressure reduction (mean change
for aprocitentan 12.5 mg of - 15.3 mmHg and
for aprocitentan 25 mg of - 15.2 mmHg vs.
placebo - 11.5 mg; P\0.005 for both treat-
ment doses).

Delivering healthcare in rural environments
can be challenging. In China, non-physician
village doctors may initiate and titrate antihy-
pertensive medications according to a standard
protocol with supervision from primary care
physicians, and undertake health coaching on
home blood pressure monitoring, lifestyle
changes, and medication adherence. The China
Rural Hypertension Control Project randomised
33,995 patients from 326 villages to village
doctor-led multifaceted intervention versus
usual care [96]. By 36 months, the intervention
group reported a drop in mean systolic pressure
from 157 to 126.1 mmHg, whereas the usual-
care group only dropped from 155.4 mmHg to

2618 Adv Ther (2023) 40:2595–2625



146.7 mmHg and a significant reduction in the
primary composite CV endpoint (1.98% vs.
2.85% per year; HR 0.69, CI 95% 0.63–0.76)
with 33% fewer strokes (P\0.0001), 39% fewer
cases of HF (P = 0.005), 24% fewer CV deaths
(P = 0.0004), and 15% fewer all-cause deaths
(P = 0.009).

Previous trial data [4] suggested a protective
effect for nocturnal dosing of anti-hypertensive
therapies on cardiovascular events, although
the trial methodology was subsequently ques-
tioned [97]. The TIME (Treatment in Morning
versus Evening) trial randomised 21,104
patients (mean age 65 years, female 43%) to
evening versus morning dosing of their regular
antihypertensive agent [98]. After 5 years, the
primary outcome (composite of vascular death,
MI or stroke) occurred in 3.4% of the evening
dosing group versus 3.7% of the morning group
(P = 0.53). There was no difference in rates of
stroke between groups (1.2% vs. 1.3%,
P = 0.54); however, there was a modestly higher
rate of falls in the morning dosing group (22.2%
vs. 21.1%, P = 0.048). This informative trial
demonstrates no difference in cardiovascular
outcomes with respect to timing of anti-hyper-
tensive dosing albeit a slightly reduced risk of
falls with evening dosing.

LIMITATIONS

While all summarised trials have been presented
at major cardiology conferences in 2022, not all
trials have been published as yet in peer-re-
viewed journals.

CONCLUSION

This paper has highlighted and summarised the
key cardiology trials that were published and
presented during 2022. Many will guide clinical
practice and influence guideline development.
Others have shown encouraging early data
which will guide future study.
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