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Since last year’s report in the European Heart Journal, we have witnessed substantial progress in all aspects of inter-
ventional cardiology. Of note, the practice of interventional cardiology took place amidst successive waves of the 
COVID-19 pandemic, which continues to be a major burden for all healthcare professionals around the globe. In our 
yearly review, we shall revisit the developments in percutaneous coronary intervention (PCI), structural heart interven-
tions, and adjunctive pharmacotherapy.

Introduction

Since last year’s report in the European Heart Journal, 
we have witnessed substantial progress in all aspects 
of interventional cardiology. Of note, the practice of in-
terventional cardiology took place amidst successive 
waves of the COVID-19 pandemic, which continues 
to be a major burden for all healthcare professionals 
around the globe. In our yearly review, we shall revisit 
the developments in percutaneous coronary interven-
tion (PCI), structural heart interventions, and adjunctive 
pharmacotherapy (Graphical Abstract).

Non-culprit lesion revascularization in 
ST-segment elevation myocardial infarction

In the aftermath of the COMPLETE trial, the complete-
ness of revascularization in patients with acute coro-
nary syndrome (ACS) and multivessel disease (MVD) 
continues to attract the attention of investigators and 
clinicians. Subanalyses from the COMPLETE and 
COMPARE-ACUTE trials suggest that, in the context 
of ST-segment elevation myocardial infarction (STEMI), 
complete revascularization provides a benefit when 
treating non-culprit lesions (NCLs) fulfilling either visu-
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ally estimated angiographic stenosis of ≥70% or intra-
coronary fractional flow reserve (FFR) ≤0.80 severity 
criteria (1, 2). From these two trials, and based on the 
classic FFR FAME trial results, one might expect that 
gauging the need for PCI in NCLs of STEMI with FFR 
should result in better clinical outcomes. However, the 
recently published FLOWER-MI trial (3), which random-
ly assigned 1163 patients with STEMI and MVD to per-
form PCI in NCLs guided by either FFR or angiography, 
found that the FFR-guided strategy did not provide a 
significant benefit over an angiography-guided strategy 
with respect to the risk of death, MI, or urgent revas-
cularization at 1 year. Subsequently, a substudy of the 

FLOWER-MI found that patients in the FFR guidance 
arm with ≥1 PCI had lower event rates at 1 year, com-
pared with patients with a deferred PCI (4). These find-
ings align with a recent large patient-level metanalysis 
(5) (n = 8579) that found increased event rates associ-
ated with an FFR-based deferral of revascularization of 
NCLs in ACS, compared with stable patients, pointing 
to either suboptimal performance of non-culprit FFR in 
STEMI patients or a protective effect of PCI in NCLs 
with rupture-prone vulnerable plaques. Overall, PCI of 
severely stenotic NCLs in ≥2.0 mm diameter arteries 
is indicated for STEMI patients, regardless of the FFR 
status, when technically feasible (6).

GRAPHICAL ABSTRACT. Graphical abstract summarizing relevant studies published over the last year in the field of percu-
taneous coronary interventions and transcatheter aortic valve implantation

From Escaned et al. European Heart Journal (2022) 43, 377–386 https://doi.org/10.1093/eurheartj/ehab884, by permission of Oxford  
University Press on behalf of the European Society of Cardiology
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Revascularization in multivessel coronary 
disease

The 5-year outcomes of the SYNTAX II trial show-
case the benefits of integrating best practices of PCI 
(imaging- and physiological-PCI guidance, thin-strut 
stents, and more complete revascularization) into a 
single revascularization strategy (SYNTAX II stra-
tegy) in treating patients with three-vessel coronary 
disease (3VD) (7). At 5 years, major adverse cardiac 
and cerebral events (MACCEs) in SYNTAX II were 

significantly lower than in a matched cohort of SYN-
TAX-I PCI patients (21.5 vs. 36.4%, P <0.001) (Fig-
ure 1), with lower rates of revascularization (13.8 vs. 
23.8%, P <0.001), and MI (2.7 vs. 10.4%, P <0.001), 
consisting of both procedural MI (0.2 vs. 3.8%, P 
<0.001) and spontaneous MI (2.3 vs. 6.9%, P = 0.004). 
All-cause mortality was lower in SYNTAX II (8.1 vs. 
13.8%, P = 0.013) reflecting a lower rate of cardiac 
death (2.8 vs. 8.4%, P <0.001). Major adverse car-
diac and cerebral event outcomes at 5 years among 
patients in SYNTAX II and pre-defined patients in the 

FIGURE 1. Incidence of major adverse cardiac and cerebrovascular cardiac events (primary endpoint) in two studies on coro-
nary revascularization in patients with triple vessel disease: (A) the SYNTAX II study and (B) the FAME III trial. Reprinted with 
permission from (A) Banning et al. (doi: 10.1093/eurheartj/ehab703) (7) and (B) Fearon et al. (doi: 10.1056/NEJMoa2112299) (8)



8

Cardiologia Hungarica Escaned et al. The year in cardiovascular medicine 2021: interventional cardiology

SYNTAX-I coronary artery bypass graft (CABG) co-
hort were similar (21.5 vs. 24.6%, P = 0.35).
The results of the FAME III randomized clinical trial 
(RCT), which compared from a non-inferiority stand-
point of the clinical outcomes of 1500 patients with 3VD 
randomized to either the FFR-guided PCI or CABG, 
were published (8). At 1-year follow-up, MACCE rate in 
FAME III was 10.6 and 6.9% among patients assigned 
to PCI and CABG, respectively [hazard ratio (HR) = 1.5, 
95% confidence interval (CI: 1.1–2.2)]; thus, non-inferi-
ority of the FFR-guided PCI was not reached (P = 0.35 
for non-inferiority) (Figure 1). Notwithstanding the dif-
ferences in the study design, at first glance, the results 
of FAME III seem discordant with those of SYNTAX II. 
However, it is noteworthy that FAME III explored the 
specific value of the FFR-based revascularization, and 
not that of an array of clinical practices (including imag-
ing- and physiological-guidance) encompassed into the 
SYNTAX II strategy. Thus, at a difference with SYNTAX 
II, FAME III enrolled patients with CABG recommended 
as the preferred treatment according to the SYNTAX 
score II, and intracoronary imaging was seldom used 
(12 vs. 87% in SYNTAX II). Future randomized stud-
ies of CABG vs. PCI might focus on whether integrated 
best practices (i.e. heart team-based patient stratifica-
tion, use of intracoronary physiology and imaging, PCI 
competence in anatomical complex subsets, and opti-
mal medical treatment) in patients with MVD.
Based on the SYNTAX Extended Survival study (SYN-
TAXES), a new index, named SYNTAX score II 2020 
(SS II 2020) was derived to perform the prediction of 10-
year outcomes after PCI or CABG in patients with MVD. 
The SS II 2020 demonstrated a discriminative ability in 
the PCI and CABG groups for predicting 10-year all-
cause deaths [C-index = 0.73, (95% CI: 0.69–0.76) for 
PCI and C-index = 0.73, (95% CI: 0.69–0.76) for CABG] 
and 5-year major adverse cardiovascular events (MAC-
Es) [C-index = 0.65, (95% CI: 0.61–0.69) for PCI and C-
index = 0.71, (95% CI: 0.67–0.75) for CABG]. The index 
has the potential of supporting heart teams, patients, 
and their families in selecting the optimal revasculari-
zation modality (9). The SYNTAXES study also report-
ed that female sex was not an independent predictor 
of mortality at 10 years in patients with MVD (10) and 
stressed the importance of optimal medical treatment 
after coronary revascularization (11).

New drug-eluting stents and drug-coated 
balloons

The impact of technological improvements in drug-elut-
ing stents (DES) has been the focus of several pub-
lications. Whether the reduction in strut thickness im-
proves PCI outcomes was investigated in a study-level 
meta-analysis of 16 RCTs (20 701 patients) comparing 
an ultrathin-strut DES to a conventional second-gen-

eration thin-strut DES (12). At a mean follow-up of 2.5 
years, the ultrathin-strut DES use reduced the risk of 
TLF, driven by less cardiac death-target lesion revas-
cularization (CD-TLR) compared with the conventional 
second-generation thin-strut DES, with similar risks of 
MI, ST, cardiac death, and all-cause mortality.
The SUGAR RCT investigated the value of the Cre8 
EVO stent, designed to release sirolimus with an am-
phiphilic carrier from laser-dug wells, in diabetic pa-
tients undergoing PCI. A total of 1175 patients were 
randomized to PCI with either Cre8 EVO or zotaroli-
mus-eluting Resolute Onyx stents. At 1-year follow-up, 
the study revealed that Cre8 EVO stents were non-in-
ferior to Resolute Onyx stents in terms of target lesion 
failure [7.2% in Cre8 EVO and 10.9% in Resolute Onyx 
arms, HR = 0.65, (95% CI: 0.44–0.96); P non-inferior-
ity <0.001]. An exploratory analysis for superiority at 1 
year suggested the superiority of the Cre8 EVO over 
Resolute Onyx stents (13).
Treatment of small coronary vessels remains a ma-
jor challenge for PCI, and the use of stent-avoidance 
strategies has been considered in this context. A pre-
specified substudy of the BASKET-SMALL-2 trial inves-
tigated 758 patients randomly assigned to drug-coated 
balloon (DCB) or DES treatment of de novo lesions in 
vessels <3 mm diameter. The Kaplan–Meier MACE 
rate estimate was 15% in both groups [HR = 0.99, (95% 
CI: 0.68–1.45); P = 0.95]. The study revealed the main-
tained efficacy and safety of DCB vs. DES in the treat-
ment of de novo coronary small vessel disease up to 3 
years (14). In the context of in-stent restenosis (ISR), 
the recent DAEDALUS meta-analysis examining DCB-
percutaneous transluminal coronary angioplasty vs. 
DES to treat DES-ISR demonstrated a significantly 
higher 3-year repeat revascularization rate in the DCB 
group [HR = 1.58, (95% CI: 1.16–2.13)] (15).

Complex coronary lesion subsets

The EBC-LM RCT enrolled patients with left main (LM) 
stenosis involving its bifurcation to a stepwise provi-
sional strategy (n = 230) or a systematic dual stent ap-
proach (n = 237) (16). The composite endpoint of death, 
MI, and TLR at 12 months occurred in 14.7% of the 
stepwise provisional group vs. 17.7% of the systemat-
ic dual stent group [HR = 0.79, (95% CI: 0.5–1.3); P = 
0.34)] (Figure 2). Procedure time, X-ray dose, and con-
sumables favoured the stepwise provisional approach. 
Symptomatic improvement was excellent and equal in 
each group. These findings support using a stepwise 
provisional strategy as default for distal LM stem bifur-
cation PCI, although lower side branch complexity was 
present compared with the DK-CRUSH IV trial (16, 17).
Two relevant consensus documents in the field of 
chronic total occlusion (CTO) PCI have been published. 
The first, the CTO-ARC recommendations, intend to 
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standardize key elements and procedural definitions, 
endpoint definitions, and clinical trial design principles 
in the field of revascularization of CTOs (18). The sec-
ond is a proposal of a global CTO crossing algorithm 
aimed to facilitate decision-making and CTO PCI teach-
ing across various geographies and improve the safety, 
reproducibility, and efficiency of these procedures (19).
Two registry studies provided contemporary insights 
into the use and outcomes of atherectomy for calcified 
lesions. First, an examination of the National Cardio-
vascular Data Registry (NCDR) CathPCI demonstrated 
that atherectomy rates tripled in the USA from 1.1% in 
2009 to 3.0% in 2016, with a concomitant temporal de-
cline in MACE rates [odds ratio (OR) = 0.98, (95% CI: 

0.97–0.99)] but increase in coronary perforation rates 
[OR = 1.18, (95% CI: 1.04–1.35)] (20). In an analysis of 
7740 rotational atherectomy procedures from the British 
Cardiovascular Intervention Society national PCI data-
base, a significant inverse association was observed 
between atherectomy PCI volume and in-hospital mor-
tality [OR = 0.986, (95% CI: 0.975–0.996)] as well as 
MACCE [OR = 0.983, (95% CI: 0.975–0.993)] (21).
Additional information on the safety and effectiveness 
of intravascular lithotripsy (IVL) was obtained in the 
DISRUPT CAD III study, a prospective, single-arm mul-
ticentre investigation designed for regulatory approval 
of coronary IVL, enrolling 431 patients with severely 
calcified de novo coronary lesions undergoing PCI. At 

FIGURE 2. Stenting strategies in left main coronary stenoses: (A) primary and secondary endpoints of the EBC-MAIN study 
and (B) potential strategy for left main bifurcation stenting according to recent trials. Reprinted with permission from (A) Hil-
dick-Smith et al. (doi:10.1093/eurheartj/ehab283) (16) and (B) Jaffer et al. (doi:10.1093/eurheartj/ehab363) (17)
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30-day follow-up, freedom from the MACE was 92.2%; 
the lower bound of the 95% CI was 89.9%, exceeding 
a pre-specified performance goal (PG) of 84.4% (P 
< 0.0001). The primary effectiveness endpoint of the 
procedural success was 92.4%; the lower bound of the 
95% CI was 90.2%, which exceeded the PG of 83.4% 
(P < 0.0001) (22).

Percutaneous coronary intervention gui-
dance with intracoronary physiology and 
imaging

As part of the renewed interest in performing wire-
based functional assessment of PCI results, the TAR-
GET FFR RCT investigated the feasibility and efficacy 
of an FFR-guided optimization strategy in achieving 
post-PCI FFR values of >0.90, compared with the 
standard optimization based on angiography (23). The 
study, which included 260 patients, demonstrated a 
high rate (68.1%) of post-PCI FFR values >0.90. In the 
FFR-guided arm, further intervention in 30.5% patients 
did not significantly increase the proportion of patients 
with a final FFR >0.90, but reduced the proportion of 
patients with a final FFR < −0.80, compared with the 
angiography-guided arm [−11.2%, (95% CI: −21.87 to 
−0.35); P = 0.045].
The 5-year outcomes of the IVUS-XPL RCT, which en-
rolled patients with lesions ≥28 mm undergoing DES 
PCI, demonstrated a sustained reduction in MACE rates 
in the IVUS-guided group compared to the angiography-
alone group [HR = 0.50, (95% CI: 0.34–0.75)]. Benefits 
of IVUS were driven by reductions in TLR rates (24).
The results of the first RCT investigating the clinical 
benefit of using functional coronary angiography (wire-
less, angiography-derived flow reserve) to guide PCI, 
FAVOR III China, has generated great interest (25). 
This sham-controlled RCT enrolled 3825 patients with 
chronic coronary syndrome or ACS to compare the clin-
ical outcomes (MACE) of a quantitative flow ratio (QFR) 
strategy (PCI performed whenever the QFR is ≤0.80) or 
an angiography-guided strategy (PCI performed based 
on the visual angiographic assessment). At 1-year fol-
low-up, MACE rate was 5.8 and 8.8% in the QFR- and 
angio-guided arms, respectively [HR = 0.65, (95% CI: 
0.51–0.83); P = 0.0004].

High-risk vulnerable plaque

Several studies provided new evidence on the diag-
nosis and interventional management of vulnerable 
plaques. In an analysis of 1497 trials, CAD patients 
undergoing serial IVUS over 18–24 months, progres-
sion of IVUS-detected attenuation or echolucency as-
sociated with a higher rate of cardiovascular events, 
supporting a potential role IVUS identification of high-

risk vulnerable plaques (26). The IVUS imaging fur-
ther provided the foundation for the preventative PCI 
PROSPECT-ABSORB trial (27). Patients (n = 185) with 
lesions with >65% plaque burden were randomized to 
medical therapy or PCI with the biodegradable drug-
eluting ABSORB scaffold. Target lesion failure rates 
(primary endpoint) were similar in both groups of ~4.4% 
at 24 months (P = 0.96), although the study was not 
powered for clinical endpoints. The secondary endpoint 
of the lesion-related MACE trended in favour of the PCI 
group (P = 0.12). Thus, the study provides favourable 
evidence to support future RCTs on this topic powered 
to draw conclusive results.
The debate on whether lesion biology, and not its is-
chaemia-generating character, impacts prognosis has 
been warmed-up by the results of the COMBINE OCT-
FFR study, a prospective, double-blind investigation fo-
cused on the management of ACS non-culprit steno-
sis in diabetic patients. Whenever the FFR was >0.80, 
PCI was deferred and an optical coherence tomogra-
phy was performed to assess the presence or absence 
of thin-cap fibroatheromas (TCFA). Subsequently, the 
outcomes of TCFA-positive patients were compared 
with those of TCFA-negative patients (28). Patients 
with FFR-negative TCFA-positive plaques comprised 
25% of the cohort, and exhibited significantly higher 
18-month MACE rates than those with FFR-negative, 
TCFA-negative plaques [HR = 4.65, (95% CI: 1.99–
10.8)], consistent with the earlier CLIMA study. Overall, 
it is foreseeable that larger studies of preventative PCI 
of high-risk lesions identified by intravascular imaging 
will be launched based on these studies.

Transcatheter treatment of aortic valve 
stenosis

The catheter-based aortic valve procedure has long 
been entered in the treatment armamentarium of aortic 
valve stenosis. Publications of the last year in this field 
are focused on RCTs comparing different transcatheter 
valvular bioprostheses, on testing different approaches 
to increase the safety of transcatheter aortic valve im-
plantation (TAVI) procedures, long-term outcomes after 
TAVI or surgical aortic valve replacement (SAVR), as 
well as the update of 2021 ESC/EACTS Guidelines for 
the management of valvular heart disease.

Performance of different bioprosthetic valves

The newest generation of balloon-expandable Sapien 
valve (BEV) and self-expandable CoreValve Evolute 
valve (SEV) has been randomly compared within the set-
ting of the SOLVE-TAVI (compariSon of secOnd-gene-
ration self-expandable vs. balloon-expandable Valves 
and gEneral vs. local anesthesia in Transcatheter aortic 
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Valve Implantation) trial. These two modern valve sys-
tems perform similar regarding the combined endpoint of 
all-cause mortality, stroke, moderate or severe paraval-
vular leakage, and permanent pacemaker implantation 
at 1 year [HR = 0.94, (95% CI: 0.70–1.26); P = 0.66] (29).
In the SCOPE-2 RCT (Safety and Efficacy Compari-
son of Two TAVI Systems in a Prospective Randomized 
evaluation-2), the recent generation of SEV was com-
pared with the first-generation ACURATE neo biopros-
thesis. In this study of 796 patients, the non-inferiority of 
ACURATE neo to SEV regarding the 1-year incidence 
of all-cause death or stroke was not proven (15.8 vs. 
13.9%, absolute risk difference 1.8%, upper one-side 
95% confidence limit 6.1%; P = 0.0549 for non-inferi-
ority). The higher rate of residual moderate or severe 
aortic regurgitation with the ACURATE neo compared 
with the SEV (10.0 vs. 3.0%, P = 0.002) might have con-
tributed to this result (30). With the newest generation, 
ACURATE neo 2 bioprosthesis, the rate of moderate 
or severe aortic regurgitation is clearly reduced up to 
2.5% at 1-year follow-up (31).

Technical features to enhance  
transcatheter aortic valve implantation 
procedure safety

Increasing operators’ experience and advances in 
TAVI devices led to a decline in peri-TAVI stroke rates, 
thus, improving the TAVI procedure safety. On the 
other hand, silent ischaemic brain injury was detected 
by diffusion-weighted magnetic resonance effects in 
>80% of the TAVI patients (32). Aiming to avoid clin-
ical and silent brain injury, two important RCTs have 
been published evaluating the performance of cere-
bral-protection devices during TAVI procedures. In the 
REFLECT I (Reduce the Impact of Cerebral Embolic 
LEsions after TransCatheter Aortic Valve ImplanTation) 

trial, TriGuard™ HDH cerebral-protection device was 
randomly used during TAVI. Only 68.8% (n = 258) of 
the planned patients were enrolled. The primary effica-
cy endpoint was a hierarchical composite of all-cause 
mortality or any stroke at 30 days, National Institutes 
of Health Stroke Scale worsening at 2–5 days or Mon-
treal Cognitive Assessment worsening at 30 days and 
total volume of cerebral ischaemic lesions detected by 
diffusion-weighted magnetic resonance imaging at 2–5 
days. Neither the primary hierarchical efficacy end-
point (mean efficacy score, higher is better: −5.3±99.8 
TriGuard vs. 11.8±96.4 control, P = 0.31) nor the inci-
dence of silent central nervous system injury was sig-
nificantly different between both treatment strategies 
(32). These results were supported by the next RE-
FLECT II trial, which enrolled 220 patients (63.4% of the 
planned patients) and randomly compared in 2:1 fash-
ion use or not use of the TriGuard 3 embolic protection 
device during TAVI. Again, the pre-specified primary 
superiority efficacy endpoint was not met [mean scores 
(higher is better): −8.58 TG3 vs. 8.08 control; P = 0.857) 
(33). Findings of these studies suggest a selective use 
of cerebral-protection devices during TAVI.
Balloon dilatation [balloon aortic valvuloplasty (BAV)] pri-
or to valve implantation might increase the risk of annu-
lus rupture, embolization, and haemodynamic instability. 
Thus, avoiding it might be attractive to simplify the TAVI 
procedure and probably increase the procedure safety. 
In the DIRECTAVI [TAVI Without Balloon Predilatation 
(of the Aortic Valve) SAPIEN 3] trial, direct TAVI with-
out BAV was randomly compared with the conventional 
strategy using BAV with new-generation BEV (34). The 
rate of device success in direct TAVI was non-inferior 
to that of BAV before the TAVI group [80.2 vs. 75.7%, 
mean difference 4.5%, (95% CI: 4.4–13.4); P = 0.02 for 
non-inferiority]. Few patients needed an unplanned BAV 
before TAVI, suggesting an anatomy-related upstream 
selection of patients in need of BAV before TAVI (34).

FIGURE 3. Long-term performance of transcatheter aortic valve implantation and surgical aortic valve replacement among 
low-risk patients with aortic valve stenosis derived from the randomized NOTION trial. (A) Composite endpoint combining all-
cause mortality, stroke, or myocardial infarction. (B) Bioprosthetic valve failure. Reprinted with permission from Jørgensen et 
al. (doi: 10.1093/eurheartj/ehab375) (35)

A B
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Long-term outcomes after transcatheter 
aortic valve implantation or surgical aortic 
valve replacement

Important insights about the long-term comparative 
performance of TAVI and SAVR among low-risk pa-
tients with aortic valve stenosis were derived from the 
NOTION RCT. In a TAVI population with a mean age 
of 79.1±4.8 years and a mean STS score of 3.0±1.7%, 
the 8-year estimated risks for all-cause mortality (51.8 
vs. 52.6%; P = 0.90), stroke (8.3 vs. 9.1%; P = 0.90), or 
MI (6.2 vs. 3.8%; P = 0.33) were similar after TAVI and 
SAVR (Figure 3). Whereas, the risk of structural valve 
deterioration was lower after TAVI than after SAVR 
(13.9 vs. 28.3%; P = 0.0017) (35). As TAVI now is indi-
cated for low-risk patients with longer life expectancy, 
these long-term results are reassuring for TAVI in terms 
of clinical outcomes and valve durability.
Another continuously growing TAVI population is the 
collective of patients undergoing TAVI for failed surgi-
cal bioprosthesis. For the first time, the investigators 
of the international VIVID registry reported an 8-year 
follow-up data of patients undergoing Valve-in-Valve 
(ViV) procedures. Survival was lower among patients 
with small-failed bioprostheses compared with those 
with large-failed bioprostheses (33.2 vs. 40.5%, P = 
0.01). In addition, independent predictors of reinterven-
tions after ViV procedures were pre-existing severe 
prosthesis–patient mismatch, device malposition, use 
of balloon-expandable valves, and patients’ age. Thus, 
operator decision during both original SAVR and the 
ViV procedure might substantially influence clinical out-
comes (36).
Regarding the treatment of aortic valve stenosis, the 
new ESC/EACTS Guidelines (37) highlight the impor-
tance of interaction heart team and patient regarding 
the aortic valve repair strategy selection (Class I, LOE 
C). Furthermore, alongside the STS risk score, patient’s 
age alone is now recommended as a determinant fac-
tor for TAVI or SAVR selection with TAVI recommended 
in patients aged ≥75 years (independent of operative 
risk score; Class I, LOE A). Another novelty is the re-
commendation of aortic valve repair in asymptomatic 
patients with severe aortic stenosis and left ventricu-
lar dysfunction (left ventricular ejection fraction <50%) 
without another cause (Class I, LOE B).

Adjunctive pharmacotherapy  
in interventional cardiology

Landmark studies have been published this year in the 
field of antiplatelet therapy after PCI. The MASTER 
DAPT study (38) was the first open-label RCT evaluat-
ing an abbreviated dual antiplatelet therapy (DAPT) du-
ration vs. a standard regimen among patients with high 
bleeding risk (HBR) undergoing PCI. Between 30 and 

45 days after PCI, 4579 event-free subjects were ran-
domly assigned to single antiplatelet therapy (SAPT) 
with either P2Y12 or aspirin, or to a DAPT for at least 5 
additional months (6 months after the index procedure). 
At 12 months after PCI, the short DAPT strategy was 
not inferior to the standard DAPT in terms of MACCEs, 
and was associated with a significant BARC (Bleeding 
Academic Research Consortium) 2, 3, or 5 bleeding 
risk reduction [−2.82%, (95% CI: −4.40 to –1.24); P < 
0.001].
In the STOPDAPT-2 ACS trial (39), patients under-
going PCI for ACS, 1-month DAPT followed by clopi-
dogrel monotherapy for 11 months did not meet the 
criteria for non-inferiority compared with a 12-month 
DAPT for the composite of cardiovascular death, MI, 
stroke, stent thrombosis, thrombolysis in myocardial 
infarction major or minor bleeding [3.2 vs. 2.8%; HR 
= 1.14, (95% CI: 0.80–1.62); P = 0.06]. Secondary out-
come analyses revealed a higher incidence of nearly 
all ischaemic events within the short DAPT group, with 
only marginal gain in terms of bleeding risk. However, a 
meta-analysis (40) including 32 145 patients from five 
RCTs confirmed that a DAPT of ≤3 months followed 
by P2Y12 monotherapy was associated with a 37% rel-
ative risk reduction of bleeding [HR = 0.63, (95% CI: 
0.45–0.86); P = 0.004] and a similar rate of fatal and 
ischaemic events in patients undergoing PCI with a 
second-generation DES. Additionally, in two prospec-
tive studies of HBR patients undergoing PCI (mainly 
for chronic coronary syndrome), a short DAPT of 1 or 
3 months followed by aspirin monotherapy was non-
inferior in terms of death or MI and was associated 
with a lower incidence of major BARC 3 or 5 bleeding 
when compared with a historical cohort receiving up 
to 12-month DAPT after propensity score stratification 
(41, 42). In the TWILIGHT-HBR substudy, ticagrelor 
monotherapy after a 3-month DAPT resulted in simi-
lar ischaemic outcomes and a large absolute reduction 
in major BARC 3 or 5 bleeding compared with a pro-
longed DAPT, among HBR patients undergoing PCI, 
two-thirds of whom for a non-STE ACS (43). This new 
evidence altogether indicates that a short DAPT course 
is a safe and effective bleeding-avoidance strategy, 
especially among HBR patients, but extra caution is 
warranted among those presenting with ACS.
A uniform unguided DAPT de-escalation of ticagrelor 
to clopidogrel was investigated in patients with acute 
MI and event-free during the first month after PCI in 
the TALOS-AMI trial (44). De-escalation significantly 
decreased the risk of net adverse clinical events up to 
12 months [4.6 vs. 8.2%, HR = 0.55, (95% CI: 0.40–
0.76); P = 0.0001] mainly by reducing bleeding compli-
cations. In the HOST-EXAM trial (45), patients who had 
undergone PCI 6–18 months prior were randomly as-
signed to a 24-month maintenance therapy with clopi-
dogrel or aspirin monotherapy. The risk of a composite 
of all-cause death, non-fatal MI, stroke, readmission 
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due to ACS, or BARC bleeding type 3 or greater was 
significantly reduced with clopidogrel [5.7 vs. 7.7%, HR 
= 0.73, (95% CI: 0.59–0.90); P = 0.0035], despite a nu-
merically higher rate of fatalities.
Concerning the antithrombotic treatment in patients 
undergoing TAVI, the ATLANTIS (46) failed to demon-
strate the superiority of a full-dose apixaban when com-
pared with the current standard of care in patients with 
or without oral anticoagulation (OAC) indication, who 
have undergone a successful TAVI, with respect to the 
primary endpoint of death, stroke, MI, systemic emboli, 
intracardiac or valve thrombosis, deep vein thrombo-
sis/pulmonary embolism, or major bleeding [18.4 vs. 
20.1%, HR = 0.92, (95% CI: 0.73–1.16)]. These results, 
together with the previous GALILEO (47) and POPu-
lar TAVI (48) trials, suggest that the antiplatelet mono-
therapy should remain the default antithrombotic agent 
when there is no other indication for DAPT or systemic 
anticoagulation. In the ENVISAGE study (49), TAVI pa-
tients, with an indication to OAC mainly for atrial fibrilla-
tion, experienced similar (i.e. non-inferior) net adverse 
clinical events (including death from any cause, MI, 
ischaemic stroke, systemic thromboembolism, valve 
thrombosis, or major bleeding) with edoxaban when 
compared with vitamin K antagonists [17.3 vs. 16.5 per 
100 person/years, HR = 1.05, (95% CI: 0.85–1.31), P 
= 0.93], despite a higher incidence of major bleeding 
[9.7 vs. 7.0 per 100 person/years, HR = 1.40, (95% CI: 
1.03–1.91); P = 0.93 for non-inferiority].

Final outlook

The evidence reported over the last year in the field of 
interventional cardiology discussed in this review will 
likely be reflected in upcoming clinical practice guide-
lines and trigger new studies. Ongoing studies in func-
tional coronary angiography (50) will complement the 
disruptive evidence provided by the FAVOR III China 

trials. The growing interest in integrating plaque biology 
and ischaemic burden to predict outcomes of patients 
with coronary stenosis will surely trigger debates and 
further research. Major studies on transcatheter struc-
tural heart interventions other than the TAVI are expect-
ed in the near future (51).
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