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Graphical Abstract

Raw 3D data were streamed from standard echocardiograph using custom connection to 3D DICOM viewer workstation (CarnaLife Holo, MedApp,
Krakow, Poland) for real-time, dynamic 3D rendering andwirelessly transferred into HoloLens mixed reality display (Microsoft, Redmond, USA) to overlay
non-obstructive 3D data hologram upon reality view. Data were visible as a semitransparent holographic cube positioned in a convenient sector of visual
field of echocardiographist and shared by interventional cardiologist. Reproduced with permission from Kasprzak et al.7
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Introduction

Percutaneous coronary interventions (PCI) constitute the 
most widely used revascularization modality in patients 
with coronary artery disease (CAD). The past year wit-
nessed major advances in the treatment of patients with 
acute coronary syndromes (ACS) and acute myocardial in-
farction (MI), including both ST-segment elevation (STE-
MI) and non-ST-segment elevation (NSTEMI), together 
with the presentation of a new clinical practice guideline 
(CPG). Management of patients with chronic coronary syn-
drome with demonstrable ischaemia has been specifically 
addressed by a new pivotal randomized trial. Significant 
advancements in the treatment specific lesion subsets to-
gether with novel data on long-term results of interven-
tional devices have been published. Moreover, the value 
of physiological assessment before and after PCI has been 
consolidated, whereas new coronary imaging trials shed 
new light on the never-ending quest of the vulnerable 
plaque. Finally, advances in antithrombotic management, 
particularly addressing very short duration regimens, have 
been presented.

However, without any doubt, 2020 will be remem-
bered as the year of the pandemic. Indeed, coronavirus 

disease-19 (COVID-19) drastically disrupted health care 
around the world, posing unprecedented challenges in 
the care of patients with cardiovascular diseases and CAD 
in particular (Graphical abstract).

COVID-19

Myocardial damage related to COVID-19 has been a sub-
ject of major clinical interest due to its prognostic impli-
cations. Non-ischaemic myocardial injury and myocarditis 
have been demonstrated in severe cases with this con-
dition.1–5 In addition, the intense inflammatory and pro-
thrombotic milieu found in patients with severe COVID-19 
disease has been considered a potential trigger of MI as 
a result of plaque rupture. Likewise, cases associated with 
severe coronary spasm, Takotsubo syndrome, spontane-
ous coronary artery dissection, and stent thrombosis have 
been reported.6–8 A series from New York of COVID-19 pa-
tients with STEMI demonstrated a heterogeneous clinical 
presentation with a  high prevalence (one-third of pati-
ents) of non-obstructive CAD and a poor prognosis (72% 
hospital mortality). In some patients, myocardial injury, 
rather than MI, was considered secondary to the cytokine 
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an increase in out-of-hospital death and long-term com-
plications of MI was a cause of major concern. Another 
study from the Lombardia region demonstrated a strong 
correlation between the cumulative incidence of out of 
hospital cardiac arrest and the COVID-19 cumulative in-
cidence per 100 000 inhabitants.15 Accordingly, modified 
diagnostic and treatment algorithms were rapidly devel-
oped to adapt classical protocols to this unprecedented 
sanitary challenge. The need for drastic reorganization of 
catheterization laboratories, including protection mea-
sures for healthcare providers, ACS networks (with redis-
tribution of hub and spoke hospitals), and reshaping of 
emergency rooms and cardiac units, soon became appar-
ent worldwide.20

Chronic coronary syndromes

The long-awaited results of the International Study of 
Comparative Health Effectiveness with Medical and Inva-
sive Approaches (ISCHEMIA) trial were published in 2020.21 
The trial investigated in a 1:1 randomized fashion if, in pa-
tients with stable CAD and moderate or severe ischaemia, 
an initial invasive strategy of cardiac catheterization and 
optimal revascularization, in addition to optimal medical 
treatment (OMT), would improve clinical outcomes com-
pared with an initial conservative strategy of OMT alone 
with coronary angiography reserved for failure of medical 
therapy. In total, 5179 patients were enrolled in the trial. 
Importantly, cardiac computed tomography was required 
before randomization in patients without severe kidney 
disease to exclude the presence of left main coronary ar-
tery disease (LMCAD) or non-obstructive CAD. At 5-year 
follow-up, no superiority of the invasive over the medical 
strategy was documented. The estimated cumulative event 
rate of the primary endpoint (a composite of death from 
cardiovascular causes, MI, or hospitalization for unstable 
angina, heart failure, or resuscitated cardiac arrest) was 
16.4% in the invasive-strategy group and 18.2% in the 
conservative-strategy group [difference, −1.8 percentage 

storm, hypoxic injury, coronary spasm, microthrombi or, 
endothelial damage.9  Furthermore, several studies de-
monstrated a prominent role of systemic thrombotic com-
plications (both arterial and venous) in COVID-19 patients 
with some observational data suggesting a benefit of an-
ticoagulation therapy in selected patients.10 Notably, STE-
MI patients with concurrent COVID-19 infection appear 
to have larger thrombus burden and poorer outcomes. 
An observational study compared the characteristics and 
results of STEMI patients with and without concurrent 
COVID-19 infection. STEMI patients with COVID-19 had 
higher levels of troponin T, D-dimer, C-reactive protein, 
and lower lymphocyte counts. These patients had higher 
thrombus grade, more frequent multivessel thrombosis 
and stent thrombosis, needed more often the use of gly-
coprotein IIb/IIIa inhibitors and thrombus aspiration, but, 
eventually, had a poorer left ventricular ejection fraction 
(LVEF).11

COVID-19 had also a  striking and unexpected effect 
on PCI activity around the world. A question was ubiq-
uitously asked at the beginning of the pandemic: where 
have all the patients with acute MI gone? A significantly 
delayed hospital presentation after symptoms onset was 
consistently noticed.12,13 Some have suggested increasing 
use of fibrinolytic therapy rather than primary PCI for pa-
tients with STEMI, given delays to catheterization labora-
tory arrival, and to avoid exposing staff to COVID. How-
ever, studies have confirmed that in spite of the logistic 
challenges, primary PCI remains the therapy of choice for 
STEMI during the pandemic.14–16 Subsequently, cardio-
vascular mortality was found to play a major role in the 
‘excess in mortality’ seen during the pandemic. A signifi-
cant decrease in ACS-related hospitalization in northern 
Italy during the early days of the COVID-19 outbreak sug-
gested that the total increase in mortality (not fully ex-
plained by COVID-19 cases alone) would be the result of 
ACS patients dying without seeking medical attention15–18 
(Figure 1). A study from England confirmed the reduced 
number of admissions and PCI for ACS during the pan-
demic, particularly among NSTEMI patients.19 The risk for 
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Figure 1

Figure 1 (A) Admissions for acute myocardial infarction across Italy. Number of admissions registered among Italian cardiac care units 
(CCUs) during the week 12–19 March 2020, in the midst of the COVID-19 emergency (yellow bars) and during the same week of the 
previous year (blue bars) for comparison. (B) Case fatality rates for acute myocardial infarction. Image obtained with permission from 
De Rosa et al.18, by permission of OUP on behalf of the ESC.
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points; 95% confidence interval (CI) −4.7 to 1.0] (Figure 2A 
– see Spertus et al.22). In terms of mortality, there was no 
significant difference in all-cause mortality in the two stu-
dy groups. Of note, while associated with more procedural 
MI, in the long term, the invasive strategy demonstrated 
to be superior to the conservative one in terms of spon-
taneous MI (Figure 2B and 2C – see Spertus et al.22). Fur-
thermore, the invasive strategy leads to greater improve-
ment in angina-related health status than the conservative 
strategy, with a sustained improvement in quality of life 
that was maintained through 3 years.22 Due to the study 
exclusion criteria, the findings of the ISCHEMIA trial do not 
apply to patients with ACS, LMCAD, reduced LVEF, heart 
failure (class III or IV), or severe angina despite maximal 
medical therapy. Among a  more complex population of 
patients with chronic kidney disease, the ISCHEMIA-CKD 
randomized trial failed to detect any benefit (primary end-
point mortality and MI) in the invasive compared with the 
conservative strategy.23

A  study-level meta-analysis of 14 randomized clinical 
trials (RCT) (14 877 patients) comparing routine revascu-
larization vs. an initial conservative strategy in patients 
with stable ischaemic heart disease including also the two 
ISCHEMIA trials reported that, despite similar rates of all-
cause death, cardiovascular death, MI, heart failure, or 
stroke in the invasive and conservative approaches, an 
invasive strategy is associated with reduced risks of non-
procedural MI, unstable angina, and superior rates of 
freedom from angina, at the cost of an increased risk of 
procedural MI.24

The 2019 European Society of Cardiology (ESC) CPG on 
the Diagnosis and Management of Chronic Coronary Syn-

dromes introduced several new recommendations of par-
ticular interest for interventional cardiologists.25 Invasive 
angiography was recommended as an alternative test to 
diagnose CAD in patients with a high clinical likelihood 
and severe symptoms refractory to medical therapy, or 
typical angina at a low level of exercise and clinical evalu-
ation that indicates high event risk (IA class and level of 
recommendation). The recommendation specifies that 
invasive functional assessment must be available and 
used to evaluate stenosis before revascularization, unless 
very high grade (>90% diameter stenosis), providing an 
important support to the use of physiology in the cath-
eterization laboratory. The coronary sinus reducer device 
received an IIb recommendation to ameliorate symptoms 
of debilitating angina refractory to OMT and revascular-
ization strategies.26 Of note, the diagnosis of microvas-
cular angina in the catheterization laboratory is strongly 
supported by these CPG. New recommendations include 
the use of intracoronary measurements of coronary flow 
reserve and microvascular resistance (IIa B), as well as the 
use of acetylcholine testing (IIb B), in patients with per-
sistent symptoms but coronary arteries that are either 
angiographically normal or have moderate stenoses with 
preserved instantaneous wave-free ratio (iwFR) or frac-
tional flow reserve (FFR). Ample information on how to 
outline vascular dysfunction pathways in patients with 
ischaemia with non-obstructive coronary arteries, and 
on how to set stratified treatment on the grounds of the 
obtained information, has been put together into a dedi-
cated, expert document published by the European As-
sociation of Percutaneous Coronary Interventions (EAPCI) 
in conjunction with scientific working groups (Figure 3).27 

CFR 1.6
IMRcorr 31

A B
Figure 3

Figure 3 (A) Management of patients with ischaemia and normal coronary arteries (INOCA). (B) Case example of a patient with angio-
graphically normal coronary arteries in whom microvascular dysfunction was invasively studied using coronary flow reserve (CFR) and 
the index of myocardial resistance (IMR). (A) Image obtained with permission from Kunadian et al.27, by permission of OUP on behalf 
of the ESC.
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Finally, a  recent study on women (n = 301) presenting 
with MI and angiographically non-obstructed coronary 
arteries demonstrated the value of optical coherence to-
mography (OCT) and cardiac magnetic resonance imag-
ing (CMR) to identify a potential mechanism for the acute 
event in 84.5% of patients (63.8% had a ischaemic- and 
20.7% a non-ischaemic aetiology).28

Acute coronary syndromes

Non-ST-segment elevation myocardial infarction
This year, a  new ESC CPG on the management of ACS 
patients without persistent STEMI was issued.29 This gui-
deline facilitates decision-making in daily practice and 
includes a set of quality indicators to assess the level of 

implementation and clinical outcomes. New recommen-
dations for these patients regarding diagnosis and me-
dical treatment included the ESC high-sensitive cardiac 
troponin T (hs-cTnT) blood sampling 0 h/2 h algorithm 
as an alternative to the 0 h/1 h algorithm (I), no need for 
other biomarkers in addition to hs-cTnT for diagnostic 
purposes (III), use of B-type natriuretic peptide (BNP)/N-
-terminal pro-B-type natriuretic peptide for risk stratifi-
cation (IIa), prasugrel preferred to ticagrelor for patients 
proceeding to PCI (IIa), P2Y12 pre-treatment for patients 
who cannot undergo early invasive management (IIb) but 
not for patients with unknown anatomy planned for ear-
ly invasive management (III), de-escalation of P2Y12 for 
patients unsuitable for potent platelet inhibition (IIb), 
use of novel oral anticoagulants and a  single antiplate-
let agent after 1 week of triple therapy in patients with 

Figure 4

Figure 4 Management strategy for non-ST-segment elevation acute coronary syndrome patients according to the new ESC CPG. CABG, 
coronary artery bypass graft(ing); DAPT, dual antiplatelet therapy; DES, drug-eluting stent; ECG, electrocardiogram/electrocardiogra-
phy; GP, glycoprotein; GRACE, Global Registry of Acute Coronary Events; hs-cTn, high-sensitivity cardiac troponin; NSTE-ACS, non-ST- 
-segment elevation acute coronary syndrome; NSTEMI, non-ST-segment elevation myocardial infarction; PCI, percutaneous coronary 
intervention; PCSK9, protein convertase subtilisin kexin 9; UFH, unfractionated heparin. Image obtained with permission from Collet 
et al.29, by permission of OUP on behalf of the ESC.
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atrial fibrillation with embolic risk (I), and discontinuati-
on of antiplatelet therapy at 1 year in patients requiring 
oral anticoagulation (I).29 Alternatively, new recommen-
dations regarding invasive treatment included an early 
invasive strategy (<24 h) for high-risk patients (I), selective 
invasive strategy for low-risk patients following non-in-
vasive imaging/ischaemia detection tests (I), delayed (ra-
ther than immediate) coronary angiography for cardiac 
arrest survivors without STEMI (IIa), complete revascula-
rization for patients without cardiogenic shock (IIa) (IIb 
to be accomplished during index procedure), FFR-guided 
complete revascularization during index procedure (IIb).29 
A summary of management recommendations is presen-
ted in Figure 4.

ST-segment elevation myocardial  
infarction (STEMI)
The very long-term safety and efficacy of drug-eluting 
stents (DES) in STEMI patients were recently confirmed. 
The 10-year results of the EXAMINATION trial demon-
strated the superiority of everolimus-DES compared with 
bare-metal stents (BMS) regarding the primary efficacy 
endpoint.30 Interestingly, the landmark analysis beyond 
5 years showed identical and very low event rates with 
the two strategies.30 In asymptomatic patients with ‘tran-
sient’ STEMI, an immediate invasive strategy was unable 
to reduce CMR-assessed infarct size compared to an ear-
ly invasive strategy.31 A large cohort study using routine 
clinical data from tertiary UK centres suggested that less 
than half of octogenarians with STEMI/NSTEMI under-
went invasive management. Interestingly, the adjusted 
cumulative 5-year mortality rate was 36% in the invasive 
management group and 55% in the non-invasive man-
agement group.32 Several new meta-analyses, including 
data from the COMPLETE trial, comparing complete vs. 
culprit-only revascularization in STEMI patients supported 
the value of complete revascularization to reduce rates 
of re-infarction, cardiovascular mortality, and repeat re-
vascularization with no difference in all-cause mortality.33 
Likewise, in patients with NSTEMI, an observational stu-
dy suggested that multivessel revascularization reduced 
3-year rates of major adverse cardiac events (MACE) (total 
death, MI, any revascularization) compared with culprit-
-vessel-only revascularization.34 However, in this study, 
1-stage multivessel revascularization was not superior to 
multistage revascularization except in low-to-intermedia-
te risk patients.34

Cardiac arrest/shock
The Coronary Angiography after Cardiac Arrest (CO-
ACT) randomized trial enrolled 552 patients successfully 
resuscitated after out-of-hospital cardiac arrest without 
electrocardiographic signs of STEMI.35 The 1-year survival 
(61.4% vs. 64.0%) and MACE rates were similar in the 
immediate vs. delayed angiography strategies.35 In a po-
pulation-based registry from Paris, 4% of out-of-hospital 
cardiac arrests were treated with extracorporeal-cardio-
pulmonary resuscitation (CPR), which was not associated 
with increased hospital survival.36 However, in the extra-
corporeal-CPR group, initial shockable rhythm and pre-
-hospital extra-corporeal membrane oxygenation (ECMO) 
implantation improved clinical outcomes. The value of 

routine mechanical circulatory support in patients with 
cardiogenic shock remains controversial even though 
these devices are increasingly used as the ultimate option 
for these critically ill patients. A meta-analysis of rando-
mized trials suggested no reduction in mortality with the 
use of Impella or intra-aortic balloon in patients under-
going high-risk PCI or cardiogenic shock, but a significant 
increase in vascular complications.37 However, another 
concurrent meta-analysis of observational studies sugges-
ted the potential value of the new generations of the 
Impella device in selected patients in cardiogenic shock.38 
Finally, data from a large nationwide administrative da-
tabase in patients with acute MI and cardiogenic shock 
suggested that the adjusted mortality rate was lower in 
patients no-electively treated with Impella than in tho-
se receiving venoarterial (VA)-ECMO.39 Finally, in a large 
(686 patients) multicentre cohort study, left ventricular 
unloading with Impella reduced mortality in patients in 
cardiogenic shock treated with VA-ECMO despite higher 
complication rates (mainly access site-related and renal 
replacement therapy).40 Many studies on this field are 
currently limited by a retrospective design, observational 
nature, and reduced sample size. Accordingly, controlled 
studies are required to further elucidate the value of me-
chanical circulatory support in patients undergoing high-
-risk interventions and in those with cardiogenic shock.

Lesion subsets

Left main and multivessel disease
The last year provided significant information on long-
-term outcomes of patients with LMCAD treated with PCI 
vs. coronary artery bypass grafting (CABG). One of the 
sources for such evidence is the SYNTAX trial, which ran-
domized patients with LMCAD or 3-vessel disease to PCI 
with first-generation paclitaxel-eluting stent (n = 903) vs. 
CABG (n = 897).41 Information on vital status at 10 years 
was obtained for 841 (93%) patients in the PCI group and 
848 (95%) patients in the CABG group showing no sig-
nificant differences in all-cause death between the two 
treatment modalities. At 10 years, 248 (28%) patients had 
died in the PCI and 212 (24%) in the CABG study groups 
[hazard ratio (HR) 1.19 (95% CI 0.99–1.43), P = 0.066]. 
When analysed separately, all-cause mortality was higher 
in the PCI group in patients with 3-vessel disease, but not 
in patients with LMCAD.41 These data should be interpre-
ted taking into consideration that PCI in this trial was per-
formed using a first-generation DES (Taxus™) with rates 
of late stent thrombosis superior to current generation 
DES and not currently available for clinical practice.

The PRECOMBAT trial (Premier of Randomized Com-
parison of Bypass Surgery vs. Angioplasty Using Sirolim-
us-Eluting Stent in Patients with Left Main Coronary Ar-
tery Disease), randomized 600 patients with LMCAD to 
PCI with sirolimus-eluting stents or CABG. The extended 
10-year follow-up published this year showed no differ-
ences between the two groups in the primary outcome 
(composite of all-cause death, MI, stroke, or ischaemia-
driven target-vessel revascularization). Ischaemia-driven 
target-vessel revascularization (TVR) was more frequent 
after PCI than after CABG [16.1% vs. 8.0%; HR 1.98 (95% 
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CI 1.21–3.21)].42 Two RCT comparing PCI vs. CABG for 
LMCAD treatment have reported their 5-year follow-up 
results. The EXCEL study that randomized 1905 patients 
with LMCAD to be treated with PCI (with everolimus-
DES) or CABG showed no differences between groups for 
the combined endpoint of all-cause death, MI, or stroke 
(22.0% for PCI and 19.2% for CABG).43 Patients treated 
with PCI showed an increased all-cause mortality (13.0% 
vs. 9.9%) and higher rates of revascularization (16.9% vs. 
10.0%) while cerebrovascular events were more frequent 
in patients treated with CABG (3.3% vs. 5.2%). There 
were no differences between PCI and CABG in cardiovas-
cular death (5.0% vs. 4.5%) or MI (10.6% and 9.1%, re-
spectively). The 5-year follow-up of the NOBLE study that 
randomized 1201 patients with LMCAD to PCI with DES 
(88% biolimus-DES) or CABG showed a higher incidence 
of MACE (composite of all-cause mortality, non-proce-
dural MI, repeat revascularisation, and stroke) in patients 
treated with PCI (28% for PCI and 19% for CABG). Inter-
estingly, there were no differences in all-cause mortality 
(9% for both groups), but patients treated with PCI had 
higher rates of non-procedural MI (8% vs. 3%) and repeat 
revascularisation (17% vs. 10%).44 Table 1 presents the re-
sults of the RCT comparing PCI vs. CABG for the treatment 
of LMCAD with long-term clinical follow-up. To summa-
rize the long-term results of LMCAD revascularization, 
a meta-analysis of the four RCT comparing PCI and CABG 
for the treatment of LMCAD with >5 years follow-up re-
ported no differences in all-cause death and cardiovas-
cular death between the two types of revascularization. 
MACE was higher in the PCI group mainly in relation with 
an increase in MI and revascularizations.45 A second meta-
analysis including 4595 patients with LMCAD from five 
RCT showed no differences in all-cause mortality or MI 
between CABG and PCI with higher rates of revascular-
ization in the PCI group at 5 years’ follow-up.46 Finally, 
the most recent meta-analysis comparing the two types 
of revascularization included 4612 patients from five tri-
als.47 No differences were found between PCI and CABG 
regarding all-cause mortality or cardiac death. No signifi-
cant differences were observed between therapies in the 
risk of stroke or MI but PCI was associated with an in-
creased risk of revascularization.

Several sub-studies of the EXCEL trial have been re-
ported in the past year. One of them evaluated the im-
pact of periprocedural MI on mortality. Periprocedural MI 
[defined as creatinine kinase-MB (CK-MB) elevation >10× 
the upper reference limit (URL) within 72 h post-proce-
dure, or >5× URL with new Q-waves, angiographic vessel 
occlusion, or loss of myocardium on imaging] was more 
frequent after CABG and was associated with 3-year all-
cause death and cardiovascular death for both modalities 
of revascularization. Only increases of biomarkers indicat-
ing large necrosis (CK-MB > 10× URL) were related to mor-
tality.48 A second sub-analysis of the EXCEL trial explored 
the influence of repeat revascularizations on mortality. 
PCI was associated with higher rates of any repeat revas-
cularization, and the need for repeat revascularization by 
CABG (but not by PCI) was independently associated with 
increased risk for 3-year all-cause and cardiovascular mor-
tality after both CABG and PCI.49 Another sub-analysis of 
the EXCEL trial showed that a reduced LVEF (<40%) was 

associated with an increased 3-year rate of the composite 
of death, stroke, and MI driven mainly by an increased 
rate of all-cause death.50 However, this study did not 
show any significant differences between PCI and CABG 
irrespective of the underlying LVEF.50

A  patient-level pooled analysis of the randomized 
ISAR-LEFT-MAIN and ISAR-LEFT-MAIN-2 trials, in which 
patients underwent treatment of LMCAD with DES, was 
reported. The 5-year mortality rate was higher in patients 
with target lesion revascularization (TLR) compared with 
those without. In this analysis, severe renal dysfunction, 
COPD, and body mass index were independent predictors 
of mortality while type of stent and type of repeat revas-
cularization did not influence mortality.51 Other studies 
published this year evaluated the influence of the LVEF 
on LMCAD revascularisation. A study performed in South 
Korea evaluated a  total of 3488 patients with LMCAD 
who underwent CABG (n = 1355) or PCI (n = 2133) from 
the IRIS-MAIN (Interventional Research Incorporation So-
ciety-Left MAIN Revascularization) registry.52 The authors 
found no differences in the composite of death, MI, or 
stroke between the two treatment strategies when the 
patients had normal or mildly reduced LVEF. However, as 
compared with CABG, PCI was associated with a higher 
adjusted risk of the primary outcome in patients with re-
duced LVEF.52

Regarding strategies of revascularization in patients 
with multivessel disease, a registry from Canada analysing 
with propensity match diabetic patients with 2- or 3-ves-
sel disease who underwent PCI or CABG showed a higher 
mortality and MACE rates in patients treated percutane-
ously at a median follow-up of 5.5 years.53 These results 
should, however, be interpreted with caution as this 
study suffers from limitations (e.g. significant differences 
in the rates of complete revascularization between the 
two groups even after propensity score matching).

Bifurcations
The DEFINITION II trial randomized 653 patients with com-
plex bifurcation lesions according to DEFINITION criteria 
to provisional stenting vs. a systematic 2-stent technique. 
Target lesion failure (TLF) at 1-year follow-up was signifi-
cantly higher in the provisional group mainly driven by an 
increase in target vessel MI and TLR without differences 
in cardiac death. No differences in stent thrombosis were 
observed between the two groups.54

A network meta-analysis published this year evaluated 
outcomes of five different PCI techniques (provisional 
stenting, T stenting/T and protrusion, crush, culotte, and 
DK-crush) in patients with lesions involving coronary bi-
furcations. The study evaluated 21 RCT including 5711 
patients. At a median follow-up of 12 months, DK-crush 
was associated with fewer MACE, driven by lower rates of 
repeat revascularization. Rates of cardiac death, MI, and 
stent thrombosis were not significantly different among 
techniques.55 In the context of LMCAD involving the bifur-
cation, the need for final kissing balloon inflation is still 
debated. A large registry including 2742 patients treated 
with ultra-thin strut DES showed no differences in the 
composite endpoint (all-cause death, MI, TLR, and stent 
thrombosis) between patients treated with final kissing 
balloon or not. However, in LMCAD involving the bifur-
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cation treated with two stents, the use of final kissing 
balloon was associated with less restenosis and TVR.56 In 
contrast, a sub-analysis of the EXCEL trial showed no dif-
ferences in events at 4-year follow-up between patients 
treated with and patients treated without final kissing 
balloon inflation in both one and two stent groups.57

Restenosis and small vessel disease
Several studies have focused on the treatment of small co-
ronary vessels assessing the performance of different de-
vices in this lesion subset. A study from the SCAAR regis-
try including 14 788 patients with small vessels (<2.5 mm) 
treated with DES or drug-coated balloons (DCB) showed 
a  higher rate of restenosis in the DCB group at 3-year 
follow-up with no differences in death, MI, or target le-
sion thrombosis.58 A pooled analysis from the BIOFLOW 
II, IV, and VI trials compared the performance of an ul-
trathin-strut bioresorbable-polymer sirolimus-DES vs. du-
rable-polymer everolimus-DES in small vessels (<2.75 mm) 
showing lower rates of TLF and target vessel MI in the 
biodegradable polymer sirolimus-DES group.59

In the field of restenosis, the DAEDALUS study, a pa-
tient-level meta-analysis including 10 RCT, showed that 
treatment of in-stent restenosis (ISR) with DCB was asso-
ciated with a higher risk of TLR at 3 years, with no dif-
ferences in the safety outcome (death, MI, or target le-
sion thrombosis).60 A sub-analysis of this study, comparing 
BMS-ISR and DES-ISR, demonstrated that both treatment 
strategies (DCB and new DES implantation) were similarly 
effective and safe in patients with BMS-ISR. However, in 
patients with DES-ISR, treatment with DCB was associated 
with a higher rate of TLR at 3 years and non-significant 
differences in safety outcomes.61

Chronic total occlusions
Research in the field of chronic total occlusions (CTO) has 
focused largely on technical aspects and clinical benefit. 
The impact of CTO PCI on ischaemic burden was evaluated 
in a study in which patients underwent [15O]H

2
O positron 

emission tomography prior to and 3 months after success-
ful CTO PCI. Results demonstrated a significant reduction 
in perfusion defect size after CTO PCI with significant im-
provement of the hyperaemic myocardial blood flow and 
coronary flow reserve within the CTO area.62 The efficacy 
and safety of using saphenous vein grafts (SVG) for re-
trograde crossing during CTO PCI was explored in a study 
including 1615 retrograde CTO PCI. The use of the SVG 
for retrograde access was associated with higher rates 
of procedural success without differences in in-hospital 
MACE.63 A comparison of available scores to predict CTO 
PCI success showed comparable capacity of the EuroCTO 
(CASTLE) and JCTO scores with a  superior discriminato-
ry capacity for CASTLE score as complexity increased.64 
A Japanese score to predict successful guidewire crossing 
through collaterals identified small vessel, reverse bend, 
and continuous bends as predictors of failure in septal 
collaterals, and small vessel, reverse bend, and corkscrew 
as predictors of failure in epicardial collaterals.65

In the field of complex PCI, a registry from the British 
Cardiovascular Intervention Society demonstrated that 
patients who had PCI to their last remaining patent vessel 
had a higher risk profile (older age, more comorbidities, 

and higher prevalence of reduced LVEF) and had more 
clinical events than patients with more than one patent 
vessel. This was independent of the vessel treated.66

Interventional devices

Durable-polymer, biodegradable-polymer,  
and polymer-free drug-eluting stents
The 10-year results of the ISAR-TEST-5 trial, including the 
64% surviving patients of the initial 3000 patients enro-
lled, did not find any difference in outcomes between 
patients treated with polymer-free vs. durable polymer 
DES.67 The incidence of stent thrombosis was low and 
comparable in both groups (1.6% vs. 1.9%) but, unfor-
tunately, high rates of overall adverse clinical events 
were observed during this very long clinical follow-up. 
In the SORT-OUT 9 trial, 3151 patients were randomized 
to treatment with the BiofreedomTM stent (stainless steel 
drug-coated polymer-free stent) or the OrsiroTM stent (ul-
trathin strut, biodegradable polymer, cobalt-chromium 
sirolimus-eluting).68 The BiofreedomTM polymer-free stent 
did not meet the criteria for non-inferiority regarding 
major adverse cardiovascular events at 12 months in this 
all-comers population. The HOST-Reduce-Polytech-ACS 
trial randomized over 3400 patients with ACS, known to 
carry a heightened risk of thrombosis and delayed hea-
ling after PCI, to a durable-polymer DES or a biodegrada-
ble-polymer stent.69 There was no significant difference 
between the groups on the primary outcome measure 
(patient-oriented clinical outcome at 1 year). Neverthe-
less, the device-oriented clinical endpoint at 1-year was 
significantly lower in patients treated with the durable-
-polymer device. The PIONEER III trial tested the Supre-
me ‘healing-targeted’ HT-DES [a  thin-strut (80 µg) DES 
with rapid sirolimus delivery and polymer degradation 
(4–6 weeks), plus a base layer that promotes endothelial 
migration] against the XienceTM/PromusTM durable-poly-
mer DES in 1632 all-comer patients.70 At 12 months, TLF 
occurred in 5.4% of the HT-DES patients and on 5.1% of 
the durable-polymer DES patients, meting the trial crite-
ria for non-inferiority. The secondary endpoint of target-
-vessel MI was not significantly different between groups, 
although it tended to be lower for the HT-DES (3.4% vs. 
4.1%; P = 0.45). These findings suggest that among the 
three components of DES, the platform (strut thickness 
and the stent design) might at least be as important as 
the drug and the polymer.

Drug-coated balloons
Despite the initial alarm created by the publication of 
a meta-analysis that suggested an increased mortality risk 
associated with paclitaxel-containing devices in patients 
with peripheral arterial disease, another meta-analysis 
with patient-level data dissipated these safety concerns.71 
A meta-analysis focused on the coronary space including 
4590 patients treated for either coronary ISR or de novo 
lesions did not find an increase in mortality in patients tre-
ated with paclitaxel-DCB.72 In fact, at a 3-year follow-up, 
the risk of both all-cause (RR 0.73, 95% CI 0.53–1.00) and 
cardiac mortality (RR 0.53, 95% CI 0.33–0.85) was signifi-
cantly lower in those patients treated with DCB compared 
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with alternative treatments. Likewise, another meta-ana-
lysis, which included 14 RCT with 2483 patients treated 
for ‘de novo’ lesions found no differences between DCB 
and alternative therapeutic modalities in terms of MACE, 
vessel thrombosis, or cardiovascular mortality.73 However, 
DCB were associated with a  lower incidence of MI (RR 
0.48, 95% CI 0.25–0.90) and all-cause mortality (RR 0.45, 
95% CI 0.22–0.94). Finally, the PICCOLETO II RCT recently 
compared DCB with everolimus-DES in 118 stable patients 
with de novo lesions in small vessels.74 At 6 months, in-lesi-
on late lumen loss (primary endpoint) was 0.17 ± 0.39 mm 
in the everolimus-DES group and 0.04 ± 0.28 mm in the 
DCB group, meeting the pre-defined non-inferiority cri-
teria (P = 0.03).

Thin-struts drug-eluting stents
At 3 years, the ultrathin-strut OrsiroTM stent maintained an 
advantage over the durable-polymer XienceTM, according 
to the new data from the BIOFLOW V  study. This study 
showed a 40% relative reduction in TLF as well as signi-
ficantly lower rates of target-vessel MI, ischaemia-driven 
TLR, and late/very late stent thrombosis in the OrsiroTM 
arm.75 The 3-year clinical follow-up of the DESSOLVE III 
RCT confirmed the efficacy and safety of the ultrathin-
-strut biodegradable polymer MiStent sirolimus-eluting 
stent as compared to thin-strut permanent polymer Xi-
enceTM stent.76 The primary endpoint (a  device-oriented 
composite endpoint) occurred in 10.5% for MiStentTM siro-
limus-eluting stent and 11.5% for XienceTM stent (P = 0.55). 
A pooled analysis including 2337 patients with more com-
plex coronary artery disease (moderate-to-severe calcifica-
tion or small vessels) showed a reduction in TLF at 1 year 
favouring the ultrathin-strut OrsiroTM stent in the small 
vessels cohort (8.0% vs. 12.4%; P < 0.01).59

Coronary intravascular lithotripsy
Intravascular lithotripsy (IVL) showed its usefulness to op-
timize PCI results in severely calcified lesions, with good 
safety and efficacy results at 30 days in the DISRUPT-CAD 
III study.77 This single-arm prospective registry included 
431 patients with severely calcified lesions (mean calcified 
segment length 47.9 ± 18.8 mm, calcium angle 292.5 ± 76.5° 
and calcium thickness 0.96 ± 0.25 mm), treated with IVL. 
Procedural success was 92.4% and a  residual diameter 
stenosis <30% was obtained in 99.5% of lesions (Figure 
5 – see Hill et al.77). The primary safety endpoint, freedom 
from 30-day MACE, was observed in 92.2% of patients. 
Therefore, this technique emerges as a new attractive (ea-
sy-to-use) therapeutic modality for patients with heavily 
calcified lesions.

Bare-metal stents
In patients with ACS, cobalt–chromium-based TiNO-co-
ated stents were non-inferior to platinum–chromium-
-based biodegradable polymer everolimus-DES for major 
cardiac events at 12 months (HR 0.93, 95% CI 0.71–1.22, 
P < 0.001 for non-inferiority), and were superior for the co-
-primary endpoint of cardiac death, MI, and bleeding at 
18 months, as shown in the TIDES-ACS randomized trial.78 
Despite the early superiority of everolimus-DES over BMS 
in STEMI patients, the 10-year results of the EXAMINATI-
ON trial demonstrated that, beyond 5 years, event rates 

were very low and similar with both stents.30 No diffe-
rences were found between everolimus-DES and BMS in 
terms of TLR and definite stent thrombosis between 5 and 
10 years (1.2% vs. 1.2%; P = 0.962; 0.5% vs. 0.1%; P = 0.177, 
respectively).

Bioresorbable scaffolds
The MAGSTEMI trial compared the in-stent/scaffold vaso-
motion (primary endpoint) between the magnesium-ba-
sed bioresorbable scaffold (MgBRS) and a  sirolimus-DES 
at 12-month follow-up in patients with STEMI.79 Although 
MgBRS demonstrated a  larger vasomotor response to 
pharmacological agents, they were associated with a  lo-
wer angiographic efficacy and a higher need for TLR at 
1 year (16.2% vs. 5.2%; P = 0.030). The OCT sub-study of 
this trial showed that at 1-year follow-up, both the mini-
mal lumen area (MLA) (3.92 vs. 6.31 mm2; P < 0.001) and 
the expansion index (0.58 vs. 0.86; P < 0.001) were smaller 
in patients treated with MgBRS.80 Interestingly, half of the 
MgBRS restenosis was caused by scaffold collapse (Figure 
6 – see Gomez-Lara et al.80). In another OCT study that 
included 70 patients with MgBRS failure, the presence of 
late collapse was found as the main cause of late lumen 
loss, and device collapse was seen significantly more fre-
quently in patients with fibrotic lesions.81 These data su-
ggest that future developments of MgBRS should focus 
on maintaining the radial force of the device for a longer 
period.

Invasive diagnostic tools

Intracoronary imaging
The long-term clinical follow-up of two large randomized 
trials evaluating the benefit of intravascular ultrasound 
(IVUS) use for PCI optimization was published this year. 
The IVUS-XPL trial randomized 1400 patients with long 
coronary lesions (implanted stent length ≥28 mm) to rece-
ive IVUS-guided or angiography-guided everolimus-DES. 
At 1 year, IVUS-guided stent implantation was associated 
with a  significantly lower rate of MACE, mainly driven 
by the reduced risk for TVR. The trial showed a sustained 
benefit of the IVUS-guided strategy for up to 5 years and 
a  landmark analysis demonstrated that differences in 
events between the two strategies not only accrued in the 
first year but also between the first and fifth year.82 These 
results are in line with the 3-year follow-up of ULTIMATE, 
another RCT comparing angio and IVUS-guided second-
-generation DES implantation in an all-comer’s population 
(1448 patients). At 3 years, the target vessel failure (TVF) 
rate was lower in the IVUS-guided group, mainly driven by 
a reduction in the need for repeated revascularisations.83 
A patient-level meta-analysis of four randomised clinical 
trials of angiographic vs. IVUS-guided DES implantation 
(including 1396 patients) evaluated the effect of using 
IVUS before stent implantation on late outcomes. All pa-
tients underwent final IVUS-guided optimization after 
stent deployment. The authors demonstrated that the use 
of IVUS pre-intervention was associated with better pro-
cedural outcomes (larger minimum stent area), although 
no differences in clinical events were observed at 1-year 
follow-up.84
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The value of OCT to guide the management of angio-
graphically intermediate coronary stenosis was assessed in 
a single-centre study that randomized patients to FFR or 
OCT imaging management. Criteria for treatment were 
FFR < 0.80 in the physiology arm, and area stenosis ≥75%, 
or 50–75% with minimal luminal area <2.5 mm2 or plaque 

rupture, in the imaging arm. A total of 350 patients were 
randomized. The primary endpoint (composite of MACE 
or significant angina at 13 months) occurred significantly 
less frequently in the OCT-guided group. In the FFR arm, 
the rate of patients medically managed was higher and 
the total costs were lower.85

Figure 7

Figure 7 The CLIMA study. This prospective study explored the predictive value of multiple high-risk plaque features in the same 
coronary lesion [minimum lumen area (MLA), fibrous cap thickness (FCT), lipid arc circumferential extension, and presence of macro-
phages] as detected by optical coherence tomography (OCT) in 1003 patients undergoing OCT evaluation of the untreated proximal 
left anterior descending coronary artery. At 1 year, the pre-specified combination of plaque vulnerability features was an independent 
predictor of events. Image obtained with permission from Prati et al.86, by permission of OUP on behalf of the ESC.
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The identification of vulnerable plaques still remains 
elusive and highly controversial. Several studies have been 
presented this year analysing the value of OCT to identify 
plaque characteristics related to the appearance of sub-
sequent clinical events. The CLIMA study evaluated the 
predictive value of four high-risk plaque features as as-
sessed by OCT, namely MLA <3.5 mm2, fibrous cap thick-
ness <75 µm, lipid arc circumferential extension >180°, and 
presence of macrophages. A  total of 1003 patients with 
an OCT pullback performed in the left anterior descend-
ing coronary artery were included. The primary endpoint 
was a composite of cardiac death and target segment MI 
at 1 year. The simultaneous presence of the four high-risk 
features in the same plaque was an independent predictor 
of adverse events in this population (Figure 7).86 The pre-
dictive value of OCT has been also assessed in the COM-
BINE trial, a natural history prospective study evaluating 
the incidence of MACE at 18 months in diabetic patients 
with FFR negative lesions according to the presence of 
a  thin-cap fibroatheroma (TCFA) vs. non-TCFA morphol-
ogy. OCT-defined TCFA was present in ∼25% of the FFR 
negative lesions and was a predictor of events at follow-
up.87 The OCT sub-study of the COMPLETE trial evaluated 
the morphological characteristics of non-culprit plaques in 
STEMI patients. The authors found that nearly half of the 
patients had an obstructive plaque with high-risk features. 
Interestingly, the presence of TCFA was more frequent in 
obstructive than in non-obstructive lesions. The associa-
tion of lesion obstruction and vulnerability features might 
explain the better outcomes observed in patients random-
ized to the treatment of the non-culprit obstructive steno-
sis in the COMPLETE trial.88

Regarding the use of other intracoronary imaging 
techniques to assess plaque characteristics, the PROSPECT 
II was a  natural history study evaluating the predictive 
value of near infrared spectroscopy IVUS (IVUS-NIRS) in 
patients after an ACS. Following treatment of the culprit 
lesion, the proximal segments of the three coronary ar-
teries were systematically assessed with IVUS-NIRS. Plaque 
burden >70%, MLA < 4.0 mm2, and a high lipid core bur-
den index were predictors of events at follow-up (median 
3.7 years).89 A total of 182 patients (with angiographically 
mild and non-flow-limiting lesions and a plaque burden 
>65%), included in PROSPECT II were further randomized 
to medical treatment or bioresorbable vascular scaffold 
(BVS) implantation (in the PROSPECT ABSORB trial). At 
25-month IVUS follow-up, the MLA was larger in lesions 
treated with BVS vs. those managed medically. Scaffold 
implantation in these lesions was safe with only one re-
ported case of thrombosis and 1 case showing scaffold 
discontinuities. A  favourable but non-significant trend 
towards 1-year plaque-related events was observed. The 
trial was, however, not powered for clinical endpoints and 
this concept needs to be examined in a larger study.89

Coronary physiology
New data published this year have confirmed the safety of 
PCI deferral based on FFR. The J-CONFIRM Registry, from 
Japan, prospectively enrolled 1263 patients with 1447 le-
sions and showed a 2-year TVF rate of 5.5% in deferred 
lesions, highlighting the safety of this strategy.90 A large 
registry evaluating patients with stable angina who under-

went angiography between 2009 and 2017 demonstrated 
a progressive increase in the use of FFR and a lower risk 
of mortality at 1-year follow-up in patients with FFR-gui-
ded treatment vs. those managed based only on angiogra-
phy.91 In specific lesions subsets, a multicentre observatio-
nal study evaluated the safety of LMCAD revascularization 
deferral based on iwFR. The study included 314 patients in 
whom LMCAD treatment was deferred [n = 163 (51.9%)] 
or performed [n = 151 (48.1%)] according to the iwFR cut-
-off ≤0.89. There were no differences between the two 
groups in the composite of all-cause death, nonfatal MI, 
and ischaemia-driven TLR during a median follow-up of 
30 months, suggesting the safety of using iwFR to deter-
mine the need for revascularization in patients with LM-
CAD.92

Another field of intense research has been the use of 
physiology after PCI. The DEFINE PCI was a  multicentre, 
prospective study in which a blinded iwFR pull-back was 
performed after an angiographically successful PCI. A to-
tal of 500 patients were evaluated showing an iwFR <0.90 
after PCI in 24% of them. Of those with an abnormal iwFR 
post-PCI, 81.6% had focal stenosis potentially treatable 
with stent optimization or new stent implantation.93 The 
1-year follow-up results demonstrated that patients with 
iwFR <0.95 post-PCI had more events at follow-up (a com-
posite of death, spontaneous MI, or clinically driven TVR) 
(HR 3.38; 95% CI 0.99–11.6; log-rank P = 0.04) and less im-
provement in anginal symptoms.94

Adjunctive pharmacotherapy and high 
bleeding risk patients

Two trials explored the effect of ticagrelor monotherapy 
on bleeding and ischaemic events in ACS patients under-
going PCI. TWILIGHT-ACS confirmed that dropping aspirin 
after 3 months of dual antiplatelet therapy (DAPT) with ti-
cagrelor reduced bleeding risk by 53% without increasing 
the rate of ischaemic events.95 Along the same line, the 
TICO randomized trial showed that switching to ticagre-
lor monotherapy after 3 months of DAPT reduced major 
bleeding without increasing ischaemic risk compared with 
12 months of DAPT in ACS patients.96 These findings in-
dicate that ticagrelor monotherapy could be an optimal 
strategy, balancing both ischaemic and bleeding risks, for 
patients with ACS treated by PCI with second-generation 
DES. However, neither trial was powered to detect a diffe-
rence in ischaemic events.

Results of two large prospective studies have consoli-
dated the concept of a reduced DAPT duration with cur-
rent-generation DES among patients at high risk for bleed-
ing. In the ONYX-ONE trial, 1996 patients at high bleeding 
risk were randomly assigned to receive zotarolimus-DES or 
polymer-free DES.97 After PCI, patients were treated with 
1-month DAPT, followed by single antiplatelet therapy. 
At 1 year, the primary outcome was observed in 17% of 
patients in the zotarolimus-DES group and in 17% in the 
polymer-free DES group, suggesting that among patients 
at high bleeding risk who received 1-month DAPT, use 
of polymer-based zotarolimus-DES was non-inferior to 
the use of polymer-free DES. Likewise, the XIENCE Short 
DAPT program, including ∼3600 patients, tested antiplate-
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let treatment duration of 1 month and 3 months. XIENCE 
90, using 3-month DAPT, enrolled 2047 patients, and 
XIENCE 28, using 1-month DAPT, included 963 patients.98 
For XIENCE 28, the primary analysis period was between 
months 1 and 6. For XIENCE 90, outcomes were analysed 
between months 3 and 12. For comparative purposes, his-
torical controls were drawn from the XIENCE V all-comers 
study, in which 91% of patients were on DAPT at 6 months 
and 85.6% at 1 year. XIENCE 90 participants had similar 
rates of all death or MI between 3 and 12 months com-
pared with controls (5.4% vs. 5.4%; P for non-inferiority = 
0.0063). XIENCE 28 also used controls for death/MI in the 
test group between 1 and 6 months (3.5% vs. 4.5%; P for 
non-inferiority: 0.0005). Interestingly, major bleeding 
(BARC type 3 to 5) was less common in both XIENCE 90 
and XIENCE 28, than in the XIENCE V historic cohort.

A network meta-analysis including 52 816 patients with 
ACS observed that prasugrel and ticagrelor reduced isch-
aemic events and increased bleeding in comparison with 
clopidogrel. There was no efficacy or safety difference be-
tween prasugrel and ticagrelor.99 A  Korean randomized 
trial in ACS patients undergoing PCI showed that a prasu-
grel-based dose de-escalation strategy, starting 1 month 
after PCI, reduced the risk of net clinical outcomes up to 
1 year, mainly driven by a reduction in bleeding without 
an increase in ischaemic events.100 Regarding the optimal 
timing of P2Y12 inhibitors administration, an RCT includ-
ing 1449 ACS patients found no differences in clinical 
outcomes between a  downstream and an upstream an-
tiplatelet treatment strategy.101 In the COMPARE CRUSH 
trial, 727 patients with STEMI were randomly assigned to 
60 mg crushed or whole prasugrel in addition to 500 mg 
IV aspirin.102 There were no differences, in TIMI 3 flow ei-
ther in the infarct-related artery before PCI, or in the rates 
of complete ST-segment resolution at 1 hour after PCI. 
Although an enhanced degree of platelet inhibition was 
demonstrated in the group receiving crushed pills before 
primary PCI, this theoretical benefit failed to translate 
into clinically detectable reperfusion effects.

In patients aged 70 years or older presenting with NSTE-
MI-ACS, clopidogrel is a favourable alternative to ticagre-
lor, because it leads to fewer bleeding events without an 
increase in the combined endpoint of all-cause death, MI, 
stroke, and bleeding, as observed in POPULAR AGE trial.103 
Moreover, an observational analysis of 14 005 MI patients 
80 years or older enrolled in the SWEDEHEART registry 
showed that, compared to clopidogrel, ticagrelor was as-
sociated with 17% and 48% higher risks of death (1.17, 
95% CI 1.03–1.32) and bleeding (1.48, 95% CI 1.25–1.76), 
but a lower risk of MI (0.80, 95% CI 0.70–0.92) and stroke 
(0.72, 95% CI 0.56–0.93).104 Therefore, clopidogrel appears 
to be an interesting P2Y12 inhibitor alternative for elder-
ly patients with a  higher bleeding risk. The One-Month 
DAPT randomized trial tested if 1 month of aspirin plus 
a P2Y12 inhibitor followed by aspirin monotherapy would 
be non-inferior to the standard regimen of 6–12 months 
of DAPT for the composite endpoint of cardiovascular 
events or major bleeding at 1 year.105 In the 1-month DAPT 
group, composite events occurred in 5.9% of patients vs. 
6.5% of the 6- to 12-month DAPT group. The HR for the 
1-month DAPT therapy followed by aspirin monotherapy 
was 0.9, P < 0.001 for non-inferiority compared to the 

recommended 6–12 months of DAPT therapy. The COM-
PASS-PCI, a sub-study of COMPASS trial, included 9862 pa-
tients who underwent PCI for chronic coronary syndrome 
>1 year earlier (average time 5.4 years) to aspirin plus ri-
varoxaban vs. aspirin alone. The study demonstrated that 
rivaroxaban 2.5 mg twice daily plus aspirin reduced MACE 
rate (cardiovascular death, MI, or stroke) and all-cause 
mortality, but increased major bleeding as compared with 
aspirin alone.106 Interestingly, among those patients with 
previous PCI, the effects on MACE and mortality were 
consistent irrespective of the time elapsed since the last 
PCI. Finally, the ALPHEUS trial found that ticagrelor was 
not superior to clopidogrel in reducing periprocedural 
myocardial necrosis in stable coronary patients undergo-
ing high-risk elective PCI but caused an increase in minor 
bleeding at 30 days.107 

Conclusions

Last year, the first report from the ESC/EAPCI ATLAS pro-
ject disclosed considerable international heterogeneity 
in PCI volumes that was closely related to gross national 
income per capita.108,109 Major efforts should be made by 
scientific societies (including ESC and EAPCI) focusing on 
all implicated stakeholders to address these equity gaps. 
Likewise, in the year 2020, the pandemic strikingly disrup-
ted clinical care of patients with cardiovascular diseases 
and, particularly, those with CAD. Currently, we are endu-
ring the ‘third wave’ of COVID-19 while getting ready for 
future threats. Resilience will remain paramount to face 
these complex novel scenarios. This paper highlights that 
the field of interventional cardiology continues to evolve 
each year. However, major care should be taken to pre-
serve academic endeavour in these challenging times and 
to ensure that continuous scientific research efforts, as 
those reported in this review, will be maintained in order 
to advance our knowledge on prevention, diagnosis, and 
management of patients with CAD, eventually leading to 
improved clinical outcomes.

Conflict of interest: Nieves Gonzalo: speaker at educa-
tional events for Abbott and Boston Scientific. Other au-
thors have nothing to declare.

References
	 1.	 Lombardi CM, Carubelli V, Iorio A, Inciardi RM, Bellasi A, 

Canale C, Camporotondo R, Catagnano F, Dalla Vecchia LA, 
Giovinazzo S, Maccagni G, Mapelli M, Margonato D, Monzo 
L, Nuzzi V, Oriecuia C, Peveri G, Pozzi A, Provenzale G, 
Sarullo F, Tomasoni D, Ameri P, Gnecchi M, Leonardi S, Merlo 
M, Agostoni P, Carugo S, Danzi GB, Guazzi M, La Rovere 
MT, Mortara A, Piepoli M, Porto I, Sinagra G, Volterrani M, 
Specchia C, Metra M, Senni M. Association of troponin levels 
with mortality in Italian patients hospitalized with coronavirus 
disease 2019: results of a multicenter study. JAMA Cardiol 
2020;5:1274–1280.

	 2.	 Shi S, Qin M, Cai Y, Liu T, Shen B, Yang F, Cao S, Liu X, Xiang 
Y, Zhao Q, Huang H, Yang B, Huang C. Characteristics and 
clinical significance of myocardial injury in patients with severe 
coronavirus disease 2019. Eur Heart J 2020;41:2070–2079.

	 3.	 Peretto G, Sala S, Caforio ALP. Acute myocardial injury, 
MINOCA, or myocarditis? Improving characterization of 
coronavirus-associated myocardial involvement. Eur Heart J 
2020;41:2124–2125.



92	 The year in cardiovascular medicine 2020: interventional cardiology

	 4.	 Basso C, Leone O, Rizzo S, De Gaspari M, van der Wal 
AC, Aubry MC, Bois MC, Lin PT, Maleszewski JJ, Stone JR. 
Pathological features of COVID-19-associated myocardial injury: 
a multicentre cardiovascular pathology study. Eur Heart J 
2020;41:3827–3835.

	 5.	 Inciardi RM, Adamo M, Lupi L, Cani DS, Di Pasquale M, 
Tomasoni D, Italia L, Zaccone G, Tedino C, Fabbricatore D, 
Curnis A, Faggiano P, Gorga E, Lombardi CM, Milesi G, Vizzardi 
E, Volpini M, Nodari S, Specchia C, Maroldi R, Bezzi M, Metra 
M. Characteristics and outcomes of patients hospitalized for 
COVID-19 and cardiac disease in Northern Italy. Eur Heart J 
2020;41:1821–1829.

	 6.	 Fernandez Gasso L, Maneiro Melon NM, Sarnago Cebada F, 
Solis J, Garcia Tejada J. Multivessel spontaneous coronary artery 
dissection presenting in a patient with severe acute SARS-CoV-2 
respiratory infection. Eur Heart J 2020;41:3100–3101.

	 7.	 Meyer P, Degrauwe S, Van Delden C, Ghadri JR, Templin C. 
Typical takotsubo syndrome triggered by SARS-CoV-2 infection. 
Eur Heart J 2020;41:1860–1860.

	 8.	 Rivero F, Antuña P, Cuesta J, Alfonso F. Severe coronary 
spasm in a COVID-19 patient. Catheter Cardiovasc Interv 
2020;doi:10.1002/ccd.29056.

	 9.	 Bangalore S, Sharma A, Slotwiner A, Yatskar L, Harari R, Shah 
B, Ibrahim H, Friedman GH, Thompson C, Alviar CL, Chadow HL, 
Fishman GI, Reynolds HR, Keller N, Hochman JS. ST-segment 
elevation in patients with COVID-19—a case series. N Engl J 
Med 2020;382:2478–2480.

	10.	 Nadkarni GN, Lala A, Bagiella E, Chang HL, Moreno PR, Pujadas 
E, Arvind V, Bose S, Charney AW, Chen MD, Cordon-Cardo C, 
Dunn AS, Farkouh ME, Glicksberg BS, Kia A, Kohli-Seth R, Levin 
MA, Timsina P, Zhao S, Fayad ZA, Fuster V. Anticoagulation, 
bleeding, mortality, and pathology in hospitalized patients 
with COVID-19. J Am Coll Cardiol 2020;76:1815–1826.

	11.	 Choudry FA, Hamshere SM, Rathod KS, Akhtar MM, Archbold 
RA, Guttmann OP, Woldman S, Jain AK, Knight CJ, Baumbach 
A, Mathur A, Jones DA. High thrombus burden in patients with 
COVID-19 presenting with ST-segment elevation myocardial 
infarction. J Am Coll Cardiol 2020;76:1168–1176.

	12.	 Said K, El-Baghdady Y, Abdel-Ghany M. Acute coronary 
syndromes in developing countries during the COVID-19 
pandemic. Eur Heart J 2020;41:2518–2521.

	13.	 Pessoa-Amorim G, Camm CF, Gajendragadkar P, De Maria GL, 
Arsac C, Laroche C, Zamorano JL, Weidinger F, Achenbach 
S, Maggioni AP, Gale CP, Poppas A, Casadei B. Admission 
of patients with STEMI since the outbreak of the COVID-19 
pandemic: a survey by the European Society of Cardiology. Eur 
Heart J Qual Care Clin Outcomes 2020;6:210–216.

	14.	 Mahmud E, Dauerman HL, Welt FGP, Messenger JC, Rao SV, 
Grines C, Mattu A, Kirtane AJ, Jauhar R, Meraj P, Rokos IC, 
Rumsfeld JS, Henry TD. Management of acute myocardial 
infarction during the COVID-19 pandemic: a position statement 
from the Society for Cardiovascular Angiography and 
Interventions (SCAI), the American College of Cardiology (ACC), 
and the American College of Emergency Physicians (ACEP). J 
Am Coll Cardiol 2020;76:1375–1384.

	15.	 Baldi E, Sechi GM, Mare C, Canevari F, Brancaglione A, Primi R, 
Klersy C, Palo A, Contri E, Ronchi V, Beretta G, Reali F, Parogni 
P, Facchin F, Rizzi U, Bussi D, Ruggeri S, Oltrona Visconti L, 
Savastano S; Lombardia CARe researchers. COVID-19 kills 
at home: the close relationship between the epidemic and 
the increase of out-of-hospital cardiac arrests. Eur Heart J 
2020;41:3045–3054.

	16.	 Rodriguez-Leor O, Cid-Alvarez B, Ojeda S, Martin-Moreiras 
J, Rumoroso JR, Lopez-Palop R, Serrador A, Cequier A, 
Romaguera R, Cruz I, Perez e Prado A, Moreno R. Impact of the 
COVID-19 pandemic on interventional cardiology activity in 
Spain. REC Interv Cardiol 2020;2:82–89.

	17.	 De Luca G, Verdoia M, Cercek M, Jensen LO, Vavlukis M, 
Calmac L, Johnson T, Ferrer GR, Ganyukov V, Wojakowski W, 
Kinnaird T, van Birgelen C, Cottin Y, IJsselmuiden A, Tuccillo 
B, Versaci F, Royaards KJ, Berg JT, Laine M, Dirksen M, Siviglia 
M, Casella G, Kala P, Díez Gil JL, Banning A, Becerra V, De 
Simone C, Santucci A, Carrillo X, Scoccia A, Amoroso G, Lux 
A, Kovarnik T, Davlouros P, Mehilli J, Gabrielli G, Rios XF, 
Bakraceski N, Levesque S, Cirrincione G, Guiducci V, Kidawa M, 

Spedicato L, Marinucci L, Ludman P, Zilio F, Galasso G, Fabris E, 
Menichelli M, Garcia-Touchard A, Manzo S, Caiazzo G, Moreu 
J, Forés JS, Donazzan L, Vignali L, Teles R, Benit E, Agostoni 
P, Bosa Ojeda F, Lehtola H, Camacho-Freiere S, Kraaijeveld 
A, Antti Y, Boccalatte M, Deharo P, Martínez-Luengas IL, 
Scheller B, Alexopoulos D, Moreno R, Kedhi E, Uccello G, 
Faurie B, Gutierrez Barrios A, Di Uccio FS, Wilbert B, Smits P, 
Cortese G, Parodi G, Dudek D. Impact of COVID-19 pandemic 
on mechanical reperfusion for patients with STEMI. J Am Coll 
Cardiol 2020;76:2321–2330.

	18.	 De Rosa S, Spaccarotella C, Basso C, Calabrò MP, Curcio 
A, Filardi PP, Mancone M, Mercuro G, Muscoli S, Nodari S, 
Pedrinelli R, Sinagra G, Indolfi C; Società Italiana di Cardiologia 
and the CCU Academy investigators group. Reduction of 
hospitalizations for myocardial infarction in Italy in the 
COVID-19 era. Eur Heart J 2020;41:2083–2088.

	19.	 Mafham MM, Spata E, Goldacre R, Gair D, Curnow P, Bray M, 
Hollings S, Roebuck C, Gale CP, Mamas MA, Deanfield JE, de 
Belder MA, Luescher TF, Denwood T, Landray MJ, Emberson JR, 
Collins R, Morris EJA, Casadei B, Baigent C. COVID-19 pandemic 
and admission rates for and management of acute coronary 
syndromes in England. Lancet 2020;396:381–389.

	20.	 Chieffo A, Stefanini GG, Price S, Barbato E, Tarantini G, Karam 
N, Moreno R, Buchanan GL, Gilard M, Halvorsen S, Huber 
K, James S, Neumann FJ, Möllmann H, Roffi M, Tavazzi G, 
Mauri Ferré J, Windecker S, Dudek D, Baumbach A. EAPCI 
position statement on invasive management of acute coronary 
syndromes during the COVID-19 pandemic. Eur Heart J 
2020;41:1839–1851.

	21.	 Maron DJ, Hochman JS, Reynolds HR, Bangalore S, O’Brien SM, 
Boden WE, Chaitman BR, Senior R, López-Sendón J, Alexander 
KP, Lopes RD, Shaw LJ, Berger JS, Newman JD, Sidhu MS, 
Goodman SG, Ruzyllo W, Gosselin G, Maggioni AP, White 
HD, Bhargava B, Min JK, Mancini GBJ, Berman DS, Picard 
MH, Kwong RY, Ali ZA, Mark DB, Spertus JA, Krishnan MN, 
Elghamaz A, Moorthy N, Hueb WA, Demkow M, Mavromatis 
K, Bockeria O, Peteiro J, Miller TD, Szwed H, Doerr R, Keltai M, 
Selvanayagam JB, Steg PG, Held C, Kohsaka S, Mavromichalis 
S, Kirby R, Jeffries NO, Harrell FE, Rockhold FW, Broderick 
S, Ferguson TB, Williams DO, Harrington RA, Stone GW, 
Rosenberg Y. Initial invasive or conservative strategy for stable 
coronary disease. N Engl J Med 2020;382:1395–1407.

	22.	 Spertus JA, Jones PG, Maron DJ, O’Brien SM, Reynolds HR, 
Rosenberg Y, Stone GW, Harrell FE, Boden WE, Weintraub 
WS, Baloch K, Mavromatis K, Diaz A, Gosselin G, Newman 
JD, Mavromichalis S, Alexander KP, Cohen DJ, Bangalore S, 
Hochman JS, Mark DB. Health-status outcomes with invasive 
or conservative care in coronary disease. N Engl J Med 
2020;382:1408–1419.

	23.	 Bangalore S, Maron DJ, O’Brien SM, Fleg JL, Kretov EI, Briguori 
C, Kaul U, Reynolds HR, Mazurek T, Sidhu MS, Berger JS, 
Mathew RO, Bockeria O, Broderick S, Pracon R, Herzog CA, 
Huang Z, Stone GW, Boden WE, Newman JD, Ali ZA, Mark DB, 
Spertus JA, Alexander KP, Chaitman BR, Chertow GM, Hochman 
JS; ISCHEMIA-CKD Research Group. Management of coronary 
disease in patients with advanced kidney disease. N Engl J Med 
2020;382:1608–1618.

	24.	 Bangalore S, Maron DJ, Stone GW, Hochman JS. Routine 
revascularization versus initial medical therapy for stable 
ischemic heart disease: a systematic review and meta-analysis of 
randomized trials. Circulation 2020;142:841–857.

	25.	 Knuuti J, Wijns W, Saraste A, Capodanno D, Barbato E, Funck-
Brentano C, Prescott E, Storey RF, Deaton C, Cuisset T, Agewall 
S, Dickstein K, Edvardsen T, Escaned J, Gersh BJ, Svitil P, Gilard 
M, Hasdai D, Hatala R, Mahfoud F, Masip J, Muneretto C, 
Valgimigli M, Achenbach S, Bax JJ; ESC Scientific Document 
Group. 2019 ESC Guidelines for the diagnosis and management 
of chronic coronary syndromes. Eur Heart J 2020;41:407–477.

	26.	 Konigstein M, Giannini F, Banai S. The Reducer device in 
patients with angina pectoris: mechanisms, indications, and 
perspectives. Eur Heart J 2018;39:925–933.

	27.	 Kunadian V, Chieffo A, Camici PG, Berry C, Escaned J, Maas 
AHEM, Prescott E, Karam N, Appelman Y, Fraccaro C, Louise 
Buchanan G, Manzo-Silberman S, Al-Lamee R, Regar E, Lansky 
A, Abbott JD, Badimon L, Duncker DJ, Mehran R, Capodanno D, 



F. Alfonso et al.� 93

Baumbach AA. EAPCI expert consensus document on ischaemia 
with non-obstructive coronary arteries in collaboration with 
European Society of Cardiology Working Group on Coronary 
Pathophysiology & Microcirculation Endorsed by Coronary 
Vasomotor Disorders Internati. Eur Heart J 2020;41:3504–3520.

	28.	 Reynolds HR, Maehara A, Kwong Ry Sedlak T, Saw J, Smilowitz 
Nr ME, Wei J, Marzo K, Matsumura M, Seno A, Hausvater A, 
Giesler C, Jhalani N, Toma C, Har B, Thomas D, Mehta LS, Trost 
J, Mehta PK, Ahmed B, Bainey KR, Xia Y, Shah B, Attubato M, 
Bangalore S, Razzouk L, Ali ZA, Bairey-Merz CN, Park K, Hada E, 
Zhong H, Hochman JS. Coronary optical coherence tomography 
and cardiac magnetic resonance imaging to determine 
underlying causes of MINOCA in women. Circulation 2020; doi: 
10.1161/CIRCULATIONAHA.120.052008.

	29.	 Collet JP, Thiele H, Barbato E, Barthélémy O, Bauersachs J, 
Bhatt Dl Dendale P, Dorobantu M, Edvardsen T, Folliguet T, 
Gale CP, Gilard M, Jobs A, Jüni P, Lambrinou E, Lewis BS, Mehilli 
J, Meliga E, Merkely B, Mueller C, Roffi M, Rutten FH, Sibbing 
D, Siontis GCM; ESC Scientific Document Group. 2020 ESC 
Guidelines for the management of acute coronary syndromes 
in patients presenting without persistent ST-segment elevation. 
Eur Heart J 2020;doi:10.1093/eurheartj/ehaa575.

	30.	 Brugaletta S. Everolimus-eluting stent versus bare-metal stent 
in ST-segment elevation myocardial infarction: 10-year follow-
up of the multicenter randomized controlled EXAMINATION 
trial. Cardiovascular Therapeutics annual scientific symposium 
2020. 15 October 2020.

	31.	 Lemkes JS, Janssens GN, van der Hoeven NW, van de Ven PM, 
Marques KMJ, Nap A, van Leeuwen MAH, Appelman YEA, 
Knaapen P, Verouden NJW, Allaart CP, Brinckman SL, Saraber 
CE, Plomp KJ, Timmer JR, Kedhi E, Hermanides RS, Meuwissen 
M, Schaap J, van der Weerdt AP, van Rossum AC, Nijveldt R, van 
Royen N. Timing of revascularization in patients with transient 
ST-segment elevation myocardial infarction: a randomized 
clinical trial. Eur Heart J 2019;40:283–291.

	32.	 Kaura A, Sterne JAC, Trickey A, Abbott S, Mulla A, Glampson 
B, Panoulas V, Davies J, Woods K, Omigie J, Shah AD, Channon 
KM, Weber JN, Thursz MR, Elliott P, Hemingway H, Williams 
B, Asselbergs FW, O’Sullivan M, Lord GM, Melikian N, Johnson 
T, Francis DP, Shah AM, Perera D, Kharbanda R, Patel RS, 
Mayet J. Invasive versus non-invasive management of older 
patients with non-ST elevation myocardial infarction (SENIOR-
NSTEMI): a cohort study based on routine clinical data. Lancet 
2020;396:623–634.

	33.	 Atti V, Gwon Y, Narayanan MA, Garcia S, Sandoval Y, Brilakis 
ES, Basir MB, Turagam MK, Khandelwal A, Mena-Hurtado C, 
Mamas MA, Abbott JD, Bhatt DL, Velagapudi P. Multivessel 
versus culprit-only revascularization in STEMI and multivessel 
coronary artery disease: meta-analysis of randomized trials. 
JACC Cardiovasc Interv 2020;13:1571–1582.

	34.	 Kim MC, Hyun JY, Ahn Y, Bae S, Hyun DY, Cho KH, Sim 
DS, Hong YJ, Kim JH, Jeong MH, Kim HS, Gwon HC, Seong 
IW, Hwang KK, Chae SC, Hur SH, Cha KS, Oh SK. Optimal 
revascularization strategy in non-ST-segment-elevation 
myocardial infarction with multivessel coronary artery 
disease: culprit-only versus one-stage versus multistage 
revascularization. J Am Heart Assoc 2020;9:e016575.

	35.	 Lemkes JS, Janssens GN, van der Hoeven NW, Jewbali LSD, 
Dubois EA, Meuwissen MM, Rijpstra TA, Bosker HA, Blans MJ, 
Bleeker GB, Baak RR, Vlachojannis GJ, Eikemans BJW, van 
der Harst P, van der Horst ICC, Voskuil M, van der Heijden JJ, 
Beishuizen A, Stoel M, Camaro C, van der Hoeven H, Henriques 
JP, Vlaar APJ, Vink Ma van den Bogaard B, Heestermans 
TACM, de Ruijter W, Delnoij TSR, Crijns HJGM, Jessurun GAJ, 
Oemrawsingh PV, Gosselink MTM, Plomp K, Magro M, Elbers 
PWG, Spoormans EM, van de Ven PM, Oudemans-van Straaten 
HM, van Royen N. Coronary angiography after cardiac arrest 
without ST segment elevation: one-year outcomes of the 
COACT randomized clinical trial. JAMA Cardiol 2020;5:1–8.

	36.	 Bougouin W, Dumas F, Lamhaut L, Marijon E, Carli P, Combes 
A, Pirracchio R, Aissaoui N, Karam N, Deye N, Sideris G, 
Beganton F, Jost D, Cariou A, Jouven X; the Sudden Death 
Expertise Center investigators. Extracorporeal cardiopulmonary 
resuscitation in out-of-hospital cardiac arrest: a registry study. 
Eur Heart J 2020;41:1961–1971.

	37.	 Kuno T, Takagi H, Ando T, Kodaira M, Numasawa Y, Fox 
J, Bangalore S, Kuno T. Safety and efficacy of mechanical 
circulatory support with Impella or intra-aortic balloon pump 
for high-risk percutaneous coronary intervention and/or 
cardiogenic shock: Insights from a network meta-analysis of 
randomized trials. Catheter Cardiovasc Interv 2020;doi: 10.1002/
ccd.29236.

	38.	 Siannaccone M, Albani S, Giannini F, Colangelo S, Boccuzzi GG, 
Garbo R, Brilakis ES, D’ascenzo F, de Ferrari GM, Colombo A, 
Iannaccone M. Short term outcomes of Impella in cardiogenic 
shock: a review and meta-analysis of observational studies. Int J 
Cardiol 2020;doi: 10.1016/j.ijcard.2020.09.044.

	39.	 Lemor A, Hosseini Dehkordi SH, Basir MB, Villablanca PA, Jain 
T, Koenig GC, Alaswad K, Moses JW, Kapur NK, O’Neill W, 
Lemor A. Impella versus extracorporeal membrane oxygenation 
for acute myocardial infarction cardiogenic shock. Cardiovasc 
Revasc Med 2020;21:1465–1471.

	40.	 Schrage B, Becher PM, Bernhardt A, Bezerra H, Blankenberg 
S, Brunner S, Colson P, Cudemus Deseda G, Dabboura S, 
Eckner D, Eden M, Eitel I, Frank D, Frey N, Funamoto M, 
Goßling A, Graf T, Hagl C, Kirchhof P, Kupka D, Landmesser 
U, Lipinski J, Lopes M, Majunke N, Maniuc O, McGrath 
D, Möbius-Winkler S, Morrow DA, Mourad M, Noel C, 
Nordbeck P, Orban M, Pappalardo F, Patel SM, Pauschinger 
M, Pazzanese V, Reichenspurner H, Sandri M, Schulze PC, 
Schwinger RHG, Sinning JM, Aksoy A, Skurk C, Szczanowicz 
L, Thiele H, Tietz F, Varshney A, Wechsler L, Westermann 
D, Schrage B. Left ventricular unloading is associated with 
lower mortality in cardiogenic shock patients treated with 
veno-arterial extracorporeal membrane oxygenation: results 
from an international, multicenter cohort study. Circulation 
2020;142:2095–2106.

	41.	 Thuijs DJFM, Kappetein AP, Serruys PW, Mohr F-W, Morice 	
M-C, Mack MJ, Holmes DR, Curzen N, Davierwala P, Noack 
T, Milojevic M, Dawkins KD, da Costa BR, Jüni P, Head SJ, 
Casselman F, de Bruyne B, Høj Christiansen E, Ruiz-Nodar JM, 
Vermeersch P, Schultz W, Sabaté M, Guagliumi G, Grubitzsch H, 
Stangl K, Darremont O, Bentala M, den Heijer P, Preda I, Stoler 
R, Mack MJ, Szerafin T, Buckner JK, Guber MS, Verberkmoes N, 
Akca F, Feldman T, Beyersdorf F, Drieghe B, Oldroyd K, Berg G, 
Jeppsson A, Barber K, Wolschleger K, Heiser J, van der Harst P, 
Mariani MA, Reichenspurner H, Stark C, Laine M, Ho PC, Chen 
JC, Zelman R, Horwitz PA, Bochenek A, Krauze A, Grothusen C, 
Dudek D, Heyrich G, Davierwala P, Noack T, Kolh P, LeGrand V, 
Coelho P, Ensminger S, Nasseri B, Ingemansson R, Olivecrona 
G, Escaned J, Guera R, Berti S, Morice M-C, Chieffo A, Burke 
N, Mooney M, Spolaor A, Hagl C, Näbauer M, Suttorp MJ, 
Stine RA, McGarry T, Lucas S, Endresen K, Taussig A, Accola K, 
Canosi U, Horvath I, Cannon L, Talbott JD, Akins CW, Kramer 
R, Aschermann M, Killinger W, Narbute I, Holmes DR, Burzotta 
F, Bogers A, Zijlstra F, Eltchaninoff H, Berland J, Stefanini G, 
Cruz Gonzalez I, Hoppe U, Kiesz S, Gora B, Ahlsson A, Corbascio 
M, Bilfinger T, Carrie D, Tchétché D, Hauptman K-E, Stahle E, 
James S, Sandner S, Laufer G, Lang I, Witkowski A, Thourani 
V, Suryapranata H, Redwood S, Knight C, MacCarthy P, Curzen 
N, de Belder A, Banning A, Gershlick A. Percutaneous coronary 
intervention versus coronary artery bypass grafting in patients 
with three-vessel or left main coronary artery disease: 10-year 
follow-up of the multicentre randomised controlled SYNTAX 
trial. Lancet 2019;394:1325–1334.

	42.	 Park D-W, Ahn J-M, Park H, Yun S-C, Kang D-Y, Lee PH, Kim 
Y-H, Lim D-S, Rha S-W, Park G-M, Gwon H-C, Kim H-S, Chae I-H, 
Jang Y, Jeong M-H, Tahk S-J, Seung KB, Park S-J; On behalf of 
the PRECOMBAT Investigators. Ten-year outcomes after drug-
eluting stents versus coronary artery bypass grafting for left 
main coronary disease: extended follow-up of the PRECOMBAT 
trial. Circulation 2020;141:1437–1446.

	43.	 Stone GW, Kappetein AP, Sabik JF, Pocock SJ, Morice M-C, 
Puskas J, Kandzari DE, Karmpaliotis D, Brown WM, Lembo NJ, 
Banning A, Merkely B, Horkay F, Boonstra PW, van Boven AJ, 
Ungi I, Bogáts G, Mansour S, Noiseux N, Sabaté M, Pomar J, 
Hickey M, Gershlick A, Buszman PE, Bochenek A, Schampaert 
E, Pagé P, Modolo R, Gregson J, Simonton CA, Mehran R, 
Kosmidou I, Généreux P, Crowley A, Dressler O, Serruys PW; 
EXCEL Trial Investigators. Five-year outcomes after PCI or CABG 



94	 The year in cardiovascular medicine 2020: interventional cardiology

for left main coronary disease. N Engl J Med 2019;381:1820–
1830.

	44.	 Holm NR, Mäkikallio T, Lindsay MM, Spence MS, Erglis A, 
Menown IBA, Trovik T, Kellerth T, Kalinauskas G, Mogensen 
LJH, Nielsen PH, Niemelä M, Lassen JF, Oldroyd K, Berg G, 
Stradins P, Walsh SJ, Graham ANJ, Endresen PC, Fröbert O, 
Trivedi U, Anttila V, Hildick-Smith D, Thuesen L, Christiansen 
EH, Holm NR, Mäkikallio T, Lindsay M, Spence MS, Erglis A, 
Menown IBA, Trovik T, Eskola M, Romppanen H, Kellerth 
T, Jensen LO, Kalinauskas G, Linder RBA, Pentikainen M, 
Hervold A, Banning A, Zaman A, Cotton J, Eriksen E, Margus S, 
Mogensen LJH, Nielsen PH, Niemelä M, Kervinen K, Lassen JF, 
Oldroyd K, Berg G, Walsh SJ, Hanratty CG, Kumsars I, Stradins P, 
Steigen TK, Fröbert O, Graham AN, Endresen PC, Corbascio M, 
Kajander O, Trivedi U, Hartikainen J, Anttila V, Hildick-Smith D, 
Thuesen L, Christiansen EH. Percutaneous coronary angioplasty 
versus coronary artery bypass grafting in the treatment of 
unprotected left main stenosis: updated 5-year outcomes 
from the randomised, non-inferiority NOBLE trial. Lancet 
2020;395:191–199.

	45.	 D’Ascenzo F, De Filippo O, Elia E, Doronzo MP, Omedè P, 
Montefusco A, Pennone M, Salizzoni S, Conrotto F, Gallone G, 
Angelini F, Franchin L, Bruno F, Boffini M, Gaudino M, Rinaldi 
M, De Ferrari GM. Percutaneous vs. surgical revascularization 
for patients with unprotected left main stenosis: a meta-
analysis of 5-year follow-up randomized controlled trials. Eur 
Heart J Qual Care Clin Outcomes 2020;doi: 10.1093/ehjqcco/
qcaa041.

	46.	 Gallo M, Blitzer D, Laforgia PL, Doulamis IP, Perrin N, Bortolussi 
G, Guariento A, Putzu A. Percutaneous coronary intervention 
versus coronary artery bypass graft for left main coronary 
artery disease: a meta-analysis. J Thorac Cardiovasc Surg 
2020;doi: 10.1016/j.jtcvs.2020.04.010.

	47.	 Ahmad Y, Howard JP, Arnold AD, Cook CM, Prasad M, Ali ZA, 
Parikh MA, Kosmidou I, Francis DP, Moses JW, Leon MB, Kirtane 
AJ, Stone GW, Karmpaliotis D. Mortality after drug-eluting 
stents vs. coronary artery bypass grafting for left main coronary 
artery disease: a meta-analysis of randomized controlled trials. 
Eur Heart J 2020;41:3228–3235.

	48.	 Gregson J, Stone GW, Ben-Yehuda O, Redfors B, Kandzari DE, 
Morice MC, Leon MB, Kosmidou I, Lembo NJ, Brown WM3rd, 
Karmpaliotis D, Banning AP, Pomar J, Sabaté M, Simonton 
CA, Dressler O, Kappetein AP, Sabik JF3rd, Serruys PW, Pocock 
SJ. Implications of alternative definitions of peri-procedural 
myocardial infarction after coronary revascularization. J Am 
Coll Cardiol 2020;76:1609–1621.

	49.	 Giustino G, Serruys PW, Sabik JF, Mehran R, Maehara A, 
Puskas JD, Simonton CA, Lembo NJ, Kandzari DE, Morice 
M-C, Taggart DP, Gershlick AH, Ragosta M, Kron IL, Liu Y, 
Zhang Z, McAndrew T, Dressler O, Généreux P, Ben-Yehuda 
O, Pocock SJ, Kappetein AP, Stone GW. Mortality after repeat 
revascularization following PCI or CABG for left main disease: 
the EXCEL trial. JACC Cardiovasc Interv 2020;13:375–387.

	50.	 Thuijs DJFM, Milojevic M, Stone GW, Puskas JD, Serruys PW, 
Sabik JF, Dressler O, Crowley A, Head SJ, Kappetein AP. Impact 
of left ventricular ejection fraction on clinical outcomes after 
left main coronary artery revascularization: results from the 
randomized EXCEL trial. Eur J Heart Fail 2020;22:871–879.

	51.	 Wiebe J, Kuna C, Ibrahim T, Lösl M, Cassese S, Kufner S, 
Schunkert H, Byrne RA, Laugwitz K-L, Valgimigli M, Richardt G, 
Mehilli J, Kastrati A. Long-term prognostic impact of restenosis 
of the unprotected left main coronary artery requiring repeat 
revascularization. JACC Cardiovasc Interv 2020;13:2266–2274.

	52.	 Park S, Ahn J-M, Kim TO, Park H, Kang D-Y, Lee PH, Jeong 
YJ, Hyun J, Lee J, Kim JH, Yang Y, Choe K, Park S-J, Park D-W. 
Revascularization in patients with left main coronary artery 
disease and left ventricular dysfunction. J Am Coll Cardiol 
2020;76:1395–1406.

	53.	 Tam DY, Dharma C, Rocha R, Farkouh ME, Abdel-Qadir H, Sun 
LY, Wijeysundera HC, Austin PC, Udell JA, Gaudino M, Fremes 
SE, Lee DS. Long-term survival after surgical or percutaneous 
revascularization in patients with diabetes and multivessel 
coronary disease. J Am Coll Cardiol 2020;76:1153–1164.

	54.	 Zhang JJ, Ye F, Xu K, Kan J, Tao L, Santoso T, Munawar M, 
Tresukosol D, Li L, Sheiban I, Li F, Tian NL, Rodríguez AE, 

Paiboon C, Lavarra F, Lu S, Vichairuangthum K, Zeng H, Chen L, 
Zhang R, Ding S, Gao F, Jin Z, Hong L, Ma L, Wen S, Wu X, Yang 
S, Yin WH, Zhang J, Wang Y, Zheng Y, Zhou L, Zhou L, Zhu Y, 
Xu T, Wang X, Qu H, Tian Y, Lin S, Liu L, Lu Q, Li Q, Li B, Jiang 
Q, Han L, Gan G, Yu M, Pan D, Shang Z, Zhao Y, Liu Z, Yuan Y, 
Chen C, Stone GW, Han Y, Chen SL. Multicentre, randomized 
comparison of two-stent and provisional stenting techniques 
in patients with complex coronary bifurcation lesions: the 
DEFINITION II trial. Eur Heart J 2020;41:2523–2536.

	55.	 Gioia G, Di Sonck J, Ferenc M, Chen S-L, Colaiori I, Gallinoro E, 
Mizukami T, Kodeboina M, Nagumo S, Franco D, Bartunek J, 
Vanderheyden M, Wyffels E, Bruyne B, De Lassen JF, Bennett 
J, Vassilev D, Serruys PW, Stankovic G, Louvard Y, Barbato E, 
Collet C. Clinical outcomes following coronary bifurcation 
PCI techniques: a systematic review and network meta-
analysis comprising 5,711 patients. JACC Cardiovasc Interv 
2020;13:1432–1444.

	56.	 Gaido L, D’Ascenzo F, Imori Y, Wojakowski W, Saglietto A, 
Figini F, Mattesini A, Trabattoni D, Rognoni A, Tomassini F, 
Bernardi A, Ryan N, Muscoli S, Helft G, Filippo O, De Parma 
R, Luca L, De Ugo F, Cerrato E, Montefusco A, Pennacchi M, 
Wańha W, Smolka G, Lio G, de Bruno F, Huczek Z, Boccuzzi G, 
Cortese B, Capodanno D, Omedè P. Impact of kissing balloon 
in patients treated with ultrathin stents for left main lesions 
and bifurcations: an analysis from the RAIN-CARDIOGROUP VII 
study. Circ Cardiovasc Interv 2020;13:e008325.

	57.	 Kini AS, Dangas GD, Baber U, Vengrenyuk Y, Kandzari DE, 
Leon MB, Morice M-C, Serruys PW, Kappetein AP, Sabik JF3rd, 
Dressler O, Mehran R, Sharma SK, Stone GW. Influence of 
final kissing balloon inflation on long-term outcomes after 
PCI of distal left main bifurcation lesions in the EXCEL trial. 
EuroIntervention 2020;16:218–224.

	58.	 Silverio A, Buccheri S, Venetsanos D, Alfredsson J, Lagerqvist 
B, Persson J, Witt N, James S, Sarno G. Percutaneous treatment 
and outcomes of small coronary vessels: a SCAAR report. JACC 
Cardiovasc Interv 2020;13:793–804.

	59.	 Dan K, Garcia-Garcia HM, Kolm P, Windecker S, Saito 
S, Kandzari DE, Waksman R. Comparison of ultrathin, 
bioresorbable-polymer sirolimus-eluting stents and thin, 
durable-polymer everolimus-eluting stents in calcified or small 
vessel lesions. Circ Cardiovasc Interv 2020;13:e009189.

	60.	 Giacoppo D, Alfonso F, Xu B, Claessen BEPM, Adriaenssens 
T, Jensen C, Pérez-Vizcayno MJ, Kang D-Y, Degenhardt R, 
Pleva L, Baan J, Cuesta J, Park D-W, Schunkert H, Colleran R, 
Kukla P, Jiménez-Quevedo P, Unverdorben M, Gao R, Naber 
CK, Park S-J, Henriques JPS, Kastrati A, Byrne RA. Paclitaxel-
coated balloon angioplasty vs. drug-eluting stenting for the 
treatment of coronary in-stent restenosis: a comprehensive, 
collaborative, individual patient data meta-analysis of 10 
randomized clinical trials (DAEDALUS study). Eur Heart J 
2020;41:3715–3728.

	61.	 Giacoppo D, Alfonso F, Xu B, Claessen BEPM, Adriaenssens T, 
Jensen C, Pérez-Vizcayno MJ, Kang D-Y, Degenhardt R, Pleva 
L, Baan J, Cuesta J, Park D-W, Kukla P, Jiménez-Quevedo P, 
Unverdorben M, Gao R, Naber CK, Park S-J, Henriques JPS, 
Kastrati A, Byrne RA. Drug-coated balloon angioplasty versus 
drug-eluting stent implantation in patients with coronary stent 
restenosis. J Am Coll Cardiol 2020;75:2664–2678.

	62.	 Schumacher SP, Kockx M, Stuijfzand WJ, Driessen RS, Diemen 
PA, van Bom MJ, Everaars H, Raijmakers PG, Boellaard R, 
Rossum AC, van Opolski MP, Nap A, Knaapen P. Ischaemic 
burden and changes in absolute myocardial perfusion after 
chronic total occlusion percutaneous coronary intervention. 
EuroIntervention 2020;16:e462–e471.

	63.	 Xenogiannis I, Gkargkoulas F, Karmpaliotis D, Krestyaninov 
O, Khelimskii D, Jaffer FA, Khatri JJ, Kandzari DE, Wyman 
RM, Doing AH, Dattilo P, Toma C, Yeh RW, Tamez H, Choi JW, 
Jaber W, Samady H, Sheikh AM, Potluri S, Patel M, Mahmud 
E, Elbaruni B, Love MP, Koutouzis M, Tsiafoutis I, Jefferson 
BK, Patel T, Uretsky B, Moses JW, Lembo NJ, Parikh M, Kirtane 
AJ, Ali ZA, Hall AB, Megaly MS, Vemmou E, Nikolakopoulos I, 
Rangan BV, Morley PW, Bou Dargham B, Abdullah S, Garcia 
S, Banerjee S, Burke MN, Brilakis ES, Alaswad K. Retrograde 
chronic total occlusion percutaneous coronary intervention via 
saphenous vein graft. JACC Cardiovasc Interv 2020;13:517–526.



F. Alfonso et al.� 95

	64.	 Kalogeropoulos AS, Alsanjari O, Keeble TR, Tang KH, 
Konstantinou K, Katsikis A, Jagathesan R, Aggarwal RK, 
Clesham GJ, Kelly PA, Werner GS, Hildick-Smith D, Davies JR, 
Karamasis G. CASTLE score versus J-CTO score for the prediction 
of technical success in chronic total occlusion percutaneous 
revascularisation. EuroIntervention 2020;15:e1615–e1623.

	65.	 Nagamatsu W, Tsuchikane E, Oikawa Y, Sumitsuji S, Igarashi Y, 
Yoshikawa R, Muto M, Okada H, Katoh O. Successful guidewire 
crossing via collateral channel at retrograde percutaneous 
coronary intervention for chronic total occlusion: the J-Channel 
score. EuroIntervention 2020;15:e1624–e1632.

	66.	 Shoaib A, Rashid M, Kontopantelis E, Sharp A, Fahy EF, 
Nolan J, Townend J, Ludman P, Ratib K, Azam ZA, Ahmad A, 
McEntegart M, Mohamed M, Kinnaird T, Mamas MA. Clinical 
characteristics and outcomes from percutaneous coronary 
intervention of last remaining coronary artery: an analysis from 
the British Cardiovascular Intervention Society Database. Circ 
Cardiovasc Interv 2020;13:e009049.

	67.	 Kufner S, Ernst M, Cassese S, Joner M, Mayer K, Colleran R, 
Koppara T, Xhepa E, Koch T, Wiebe J, Ibrahim T, Fusaro M, 
Laugwitz KL, Schunkert H, Kastrati A, Byrne RA; ISAR-TEST-5 
Investigators. 10-year outcomes from a randomized trial of 
polymer-free versus durable polymer drug-eluting coronary 
stents. J Am Coll Cardiol 2020;76:146–158.

	68.	 Jensen LO, Maeng M, Raungaard B, Kahlert J, Ellert J, Jakobsen 
L, Villadsen AB, Veien KT, Kristensen SD, Ahlehoff O, Carstensen 
S, Christensen MK, Terkelsen CJ, Engstroem T, Hansen KN, Bøtker 
HE, Aaroe J, Thim T, Thuesen L, Freeman P, Aziz A, Eftekhari 
A, Junker A, Jensen SE, Lassen JF, Hansen HS, Christiansen EH, 
Thygesen K, Sørensen JT, Andersen HR; Sort Out IX Study Group. 
Randomized comparison of the polymer-free biolimus-coated 
biofreedom stent with the ultrathin strut biodegradable polymer 
sirolimus-eluting orsiro stent in an all-comers population treated 
with percutaneous coronary intervention: the SORT OUT IX trial. 
Circulation 2020;141:2052–2063.

	69.	 Kim HS, Kang J, Hwang D, Han JK, Yang HM, Kang HJ, Koo 
BK, Kim SY, Park KH, Rha SW, Shin WY, Lim HS, Park K, Park 
KW; HOST-REDUCE-POLYTECH-ACS Randomized Clinical Trial 
Investigators. Durable polymer versus biodegradable polymer 
drug-eluting stents after percutaneous coronary intervention 
in patients with acute coronary syndrome: the HOST-
REDUCE-POLYTECH-ACS trial. Circulation 2020;doi: 10.1161/
CIRCULATIONAHA.120.051700.

	 70.	 DES with synchronized antiproliferative drug delivery to target 
smooth muscle cell proliferation after DES implantation in coronary 
artery disease. Primary results of the PIONEER III Trial. American 
Heart Association Scientific Sessions 2020. 15 November 2020.

	71.	 Rocha-Singh KJ, Duval S, Jaff MR, Schneider PA, Ansel GM, 
Lyden SP, Mullin CM, Ioannidis JPA, Misra S, Tzafriri AR, 
Edelman ER, Granada JF, White CJ, Beckman JA; On behalf 
of VIVA Physicians, Inc. Mortality and paclitaxel-coated 
devices: an individual patient data meta-analysis. Circulation 
2020;141:1859–1869.

	72.	 Scheller B, Vukadinovic D, Jeger R, Rissanen TT, Scholz 
SS, Byrne R, Kleber FX, Latib A, Clever YP, Ewen S, Böhm 
M, Yang Y, Lansky A, Mahfoud F. Survival after coronary 
revascularization with paclitaxel-coated balloons. J Am Coll 
Cardiol 2020;75:1017–1028.

	73.	 Elgendy IY, Gad MM, Elgendy AY, Mahmoud A, Mahmoud 
AN, Cuesta J, Rivero F, Alfonso F. Clinical and angiographic 
outcomes with drug-coated balloons for de novo coronary 
lesions: a meta-analysis of randomized clinical trials. J Am Heart 
Assoc 2020;9:e016224.

	74.	 Cortese B, Di Palma G, Guimaraes MG, Piraino D, Orrego PS, 
Buccheri D, Rivero F, Perotto A, Zambelli G, Alfonso F. Drug-
coated balloon versus drug-eluting stent for small coronary 
vessel disease: PICCOLETO II randomized clinical trial. JACC 
Cardiovasc Interv 2020;13:2840–2849.

	75.	 Kandzari DE, Koolen JJ, Doros G, Garcia-Garcia HM, Bennett 
J, Roguin A, Gharib EG, Cutlip DE, Waksman R; BIOFLOW 
V Investigators. Ultrathin bioresorbable-polymer sirolimus-
eluting stents versus thin durable-polymer everolimus-eluting 
stents for coronary revascularization: 3-year outcomes from 
the randomized BIOFLOW V trial. JACC Cardiovasc Interv 
2020;13:1343–1353.

	76.	 Takahashi K, Serruys PW, Kogame N, Buszman P, Lurz P, 
Jessurun GAJ, Koch KT, Troquay RPT, Hamer BJB, Ophuis 
Milewski OT, Hofma KP, Wykrzykowska SH, Onuma JJ, 
de Winter RJ, Wijns W. Final 3-year outcomes of MiStent 
Biodegradable Polymer Crystalline Sirolimus-Eluting Stent 
Versus Xience Permanent Polymer Everolimus-Eluting Stent: 
insights from the DESSOLVE III All-Comers Randomized Trial. 
Circ Cardiovasc Interv 2020;13:e008737.

	77.	 Hill JM, Kereiakes DJ, Shlofmitz RA, Klein AJ, Riley RF, Price 
MJ, Herrmann HC, Bachinsky W, Waksman R, Stone GW. 
Intravascular lithotripsy for treatment of severely calcified 
coronary artery disease: the Disrupt CAD III study. J Am Coll 
Cardiol 2020;76:2635–2646.

	78.	 Tonino PAL, Pijls NHJ, Collet C, Nammas W, Van der Heyden 
J, Romppanen H, Kervinen K, Airaksinen JKE, Sia J, Lalmand 
J, Frambach P, Penaranda AS, De Bruyne B, Karjalainen 
PP; TIDES-ACS Study Group. Titanium-nitride-oxide-coated 
versus everolimus-eluting stents in acute coronary syndrome: 
the Randomized TIDES-ACS trial. JACC Cardiovasc Interv 
2020;13:1697–1705.

	79.	 Sabaté M, Alfonso F, Cequier A, Romaní S, Bordes P, Serra A, 
Iñiguez A, Salinas P, García Del Blanco B, Goicolea J, Hernández-
Antolín R, Cuesta J, Gómez-Hospital JA, Ortega-Paz L, Gomez-Lara 
J, Brugaletta S. Magnesium-based resorbable scaffold versus 
permanent metallic sirolimus-eluting stent in patients with 
ST-segment elevation myocardial infarction: the MAGSTEMI 
Randomized Clinical Trial. Circulation 2019;140:1904–1916.

	80.	 Gomez-Lara J, Ortega-Paz L, Brugaletta S, Cuesta J, Romaní 
S, Serra A, Salinas P, García Del Blanco B, Goicolea J, 
Hernandez-Antolín R, Antuña P, Romaguera R, Regueiro A, 
Rivero F, Cequier À, Alfonso F, Gómez-Hospital JA, Sabaté 
M, Collaborators. Bioresorbable scaffolds versus permanent 
sirolimus-eluting stents in patients with ST-Segment Elevation 
Myocardial Infarction: vascular healing outcomes from the 
MAGSTEMI trial. EuroIntervention 2020;16:e913–e921.

	81.	 Ueki Y, Räber L, Otsuka T, Rai H, Losdat S, Windecker S, Garcia-
Garcia HM, Landmesser U, Koolen J, Byrne R, Haude M, Joner 
M. Mechanism of drug-eluting absorbable metal scaffold 
restenosis: a serial optical coherence tomography study. Circ 
Cardiovasc Interv 2020;13:e008657.

	82.	 Hong S-J, Mintz GS, Ahn C-M, Kim J-S, Kim B-K, Ko Y-G, Kang 
T-S, Kang W-C, Kim YH, Hur S-H, Hong B-K, Choi D, Kwon H, 
Jang Y, Hong M-K. Effect of intravascular ultrasound-guided 
drug-eluting stent implantation: 5-year follow-up of the IVUS-
XPL Randomized trial. JACC Cardiovasc Interv 2020;13:62–71.

	83.	 Gao X-F, Ge Z, Kong X-Q, Kan J, Han L, Lu S, Tian N-L, Lin S, 
Lu Q-H, Wang X-Y, Li Q-H, Liu Z-Z, Chen Y, Qian X-S, Wang J, 
Chai D-Y, Chen C-H, Pan T, Ye F, Zhang J-J, Chen S-L; ULTIMATE 
Investigators. Three-year outcomes of the ULTIMATE trial 
comparing intravascular ultrasound versus angiography-guided 
drug-eluting stent implantation. J Am Coll Cardiol Cardiovasc 
Interv 2020;doi: 10.1016/j.jcin.2020.10.001.

	84.	 Hong SJ, Kim D, Kim BK, Ahn CM, Kim JS, Ko YG, Choi D, 
Hong MK, Jang Y. Acute and one-year clinical outcomes of 
pre-stenting intravascular ultrasound: a patient-level meta-
analysis of randomised clinical trials. EuroIntervention 2020;doi: 
10.4244/EIJ-D-20-00276.

	85.	 Burzotta F, Leone AM, Aurigemma C, Zambrano A, Zimbardo 
G, Arioti M, Vergallo R, Maria GL, De Cerracchio E, Romagnoli 
E, Trani C, Crea F. Fractional flow reserve or optical coherence 
tomography to guide management of angiographically 
intermediate coronary stenosis: a single-center trial. JACC 
Cardiovasc Interv 2020;13:49–58.

	86.	 Prati F, Romagnoli E, Gatto L, Manna A, La Burzotta F, Ozaki 
Y, Marco V, Boi A, Fineschi M, Fabbiocchi F, Taglieri N, Niccoli 
G, Trani C, Versaci F, Calligaris G, Ruscica G, Giorgio A, Di 
Vergallo R, Albertucci M, Biondi-Zoccai G, Tamburino C, Crea 
F, Alfonso F, Arbustini E. Relationship between coronary 
plaque morphology of the left anterior descending artery 
and 12 months clinical outcome: the CLIMA study. Eur Heart J 
2020;41:383–391.

	87.	 Kedhi E. Combined optical coherence tomography and 
fractional flow reserve assessment to better predict adverse 
event outcomes in DM patients. Presented at: TCT 2020. 14 
October 2020.



96	 The year in cardiovascular medicine 2020: interventional cardiology

	88.	 Pinilla-Echeverri N, Mehta SR, Wang J, Lavi S, Schampaert 
E, Cantor WJ, Bainey KR, Welsh RC, Kassam S, Mehran R, 
Storey RF, Nguyen H, Meeks B, Wood DA, Cairns JA, Sheth 
T. Nonculprit lesion plaque morphology in patients with 
ST-segment-elevation myocardial infarction: results from the 
COMPLETE Trial Optical Coherence Tomography Substudys. Circ 
Cardiovasc Interv 2020;13:e008768.

	89.	 Stone GW, Maehara A, Ali ZA, Held C, Matsumura M, Kjøller-
Hansen L, Bøtker HE, Maeng M, Engstrøm T, Wiseth R, Persson 
J, Trovik T, Jensen U, James SK, Mintz GS, Dressler O, Crowley 
A, Ben-Yehuda O, Erlinge D; PROSPECT ABSORB Investigators. 
Percutaneous coronary intervention for vulnerable coronary 
atherosclerotic plaque. J Am Coll Cardiol 2020;76:2289–2301.

	90.	 Kuramitsu S, Matsuo H, Shinozaki T, Horie K, Takashima H, 
Terai H, Kikuta Y, Ishihara T, Saigusa T, Sakamoto T, Suematsu 
N, Shiono Y, Mizuno A, Tsujita K, Masamura K, Yokoi H, Tanaka 
N. Two-year outcomes after deferral of revascularization 
based on fractional flow reserve: the J-CONFIRM Registry. Circ 
Cardiovasc Interv 2020;13:e009049.

	91.	 Parikh RV, Liu G, Plomondon ME, Sehested TSG, Hlatky MA, 
Waldo SW, Fearon WF. Utilization and outcomes of measuring 
fractional flow reserve in patients with stable ischemic heart 
disease. J Am Coll Cardiol 2020;75:409–419.

	92.	 Warisawa T, Cook CM, Rajkumar C, Howard JP, Seligman H, 
Ahmad Y, El Hajj S, Doi S, Nakajima A, Nakayama M, Goto 
S, Vera-Urquiza R, Sato T, Kikuta Y, Kawase Y, Nishina H, 
Petraco R, Al-Lamee R, Nijjer S, Sen S, Nakamura S, Lerman A, 
Matsuo H, Francis DP, Akashi YJ, Escaned J, Davies JE. Safety 
of revascularization deferral of left main stenosis based on 
instantaneous wave-free ratio evaluation. JACC Cardiovasc 
Interv 2020;13:1655–1664.

	93.	 Jeremias A, Davies JE, Maehara A, Matsumura M, Schneider J, 
Tang K, Talwar S, Marques K, Shammas NW, Gruberg L, Seto 
A, Samady H, Sharp A, Ali ZA, Mintz G, Patel M, Stone GW. 
Blinded physiological assessment of residual ischemia after 
successful angiographic percutaneous coronary intervention: 
the DEFINE PCI study. JACC Cardiovasc Interv 2019;12:1991–
2001.

	94.	 Patel M, Jeremias A, Davies J. One-year outcomes of patients 
with residual physiologic ischemia after percutaneous coronary 
intervention: the DEFINE PCI trial. Cardiovascular Therapeutics 
annual scientific symposium 2020. 15 October 2020.

	95.	 Baber U, Dangas G, Angiolillo DJ, Cohen DJ, Sharma SK, Nicolas 
J, Briguori C, Cha JY, Collier T, Dudek D, Džavik V, Escaned 
J, Gil R, Gurbel P, Hamm CW, Henry T, Huber K, Kastrati A, 
Kaul U, Kornowski R, Krucoff M, Kunadian V, Marx SO, Mehta 
S, Moliterno D, Ohman EM, Oldroyd K, Sardella G, Sartori 
S, Shlofmitz R, Steg PG, Weisz G, Witzenbichler B, Han YL, 
Pocock S, Gibson CM, Mehran R. Ticagrelor alone vs. ticagrelor 
plus aspirin following percutaneous coronary intervention 
in patients with non-ST-segment elevation acute coronary 
syndromes: TWILIGHT-ACS. Eur Heart J 2020;41:3533–3545.

	96.	 Kim BK, Hong SJ, Cho YH, Yun KH, Kim YH, Suh Y, Cho JY, 
Her AY, Cho S, Jeon DW, Yoo SY, Cho DK, Hong BK, Kwon H, 
Ahn CM, Shin DH, Nam CM, Kim JS, Ko YG, Choi D, Hong MK, 
Jang Y; TICO Investigators. Effect of ticagrelor monotherapy vs 
ticagrelor with aspirin on major bleeding and cardiovascular 
events in patients with acute coronary syndrome: the TICO 
Randomized Clinical Trial. JAMA 2020;323:2407–2416.

	97.	 Windecker S, Latib A, Kedhi E, Kirtane AJ, Kandzari DE, 
Mehran R, Price MJ, Abizaid A, Simon DI, Worthley SG, Zaman 
A, Hudec M, Poliacikova P, Abdul Ghapar AKB, Selvaraj K, 
Petrov I, Mylotte D, Pinar E, Moreno R, Fabbiocchi F, Pasupati 
S, Kim HS, Aminian A, Tie C, Wlodarczak A, Hur SH, Marx SO, 
Jankovic I, Brar S, Bousquette L, Liu M, Stone GW; ONYX ONE 
Investigators. Polymer-based or polymer-free stents in patients 
at high bleeding risk. N Engl J Med 2020;382:1208–1218.

	98.	 Mehran R. The XIENCE Short DAPT Program: XIENCE 90/28 
evaluating the safety of 3- and 1-month DAPT in HBR patients. 
Transcatheter Cardiovascular Therapeutics annual scientific 
symposium 2020. 15 October 2020.

	99.	 Navarese EP, Khan SU, Kołodziejczak M, Kubica J, Buccheri 
S, Cannon CP, Gurbel PA, De Servi S, Budaj A, Bartorelli A, 
Trabattoni D, Ohman EM, Wallentin L, Roe MT, James S. 
Comparative efficacy and safety of oral P2Y12 inhibitors in acute 

coronary syndrome: network meta-analysis of 52 816 patients 
from 12 randomized trials. Circulation 2020;142:150–160.

100.	 Kim HS, Kang J, Hwang D, Han JK, Yang HM, Kang HJ, Koo 
BK, Rhew JY, Chun KJ, Lim YH, Bong JM, Bae JW, Lee BK, Park 
KW; HOST-REDUCE-POLYTECH-ACS investigators. Prasugrel-
based de-escalation of dual antiplatelet therapy after 
percutaneous coronary intervention in patients with acute 
coronary syndrome (HOST-REDUCE-POLYTECH-ACS): an open-
label, multicentre, non-inferiority randomised trial. Lancet 
2020;396:1079–1089.

101.	 Tarantini G, Mojoli M, Varbella F, Caporale R, Rigattieri S, Andò 
G, Cirillo P, Pierini S, Santarelli A, Sganzerla P, Cacciavillani 
L, Babuin L, De Cesare N, Limbruno U, Massoni A, Rognoni 
A, Pavan D, Belloni F, Cernetti C, Favero L, Saia F, Fovino LN, 
Masiero G, Roncon L, Gasparetto V, Ferlini M, Ronco F, Rossini 
R, Canova P, Trabattoni D, Russo A, Guiducci V, Penzo C, 
Tarantino F, Mauro C, Corrada E, Esposito G, Berti S, Martinato 
M, Azzolina D, Gregori D, Angiolillo DJ, Musumeci G; DUBIUS 
Investigators, on behalf of the Italian Society of Interventional 
Cardiology (SICI-GISE). Timing of oral P2Y12 inhibitor 
administration in non-ST elevation acute coronary syndrome. J 
Am Coll Cardiol 2020;76:2450–2459.

102.	 Vlachojannis  GJ,, Wilschut  JM,, Vogel  RF,, Lemmert  ME,, 
Delewi  R,, Diletti Nancy  R,, van der Waarden  WPL,, Nuis  R-J, 
Paradies V, Alexopoulos D, Zijlstra F, Montalescot G, Angiolillo 
DJ, Krucoff MW, Van Mieghem NM, Smits PC. COMPARE 
CRUSH: a randomized trial of prehospital crushed vs uncrushed 
prasugrel in STEMI. Circulation 2020;142:2316–2328.

103.	 Gimbel M, Qaderdan K, Willemsen L, Hermanides R, Bergmeijer 
T, de Vrey E, Heestermans T, Tjon Joe Gin M, Waalewijn R, 
Hofma S, den Hartog F, Jukema W, von Birgelen C, Voskuil M, 
Kelder J, Deneer V, Ten Berg J. Clopidogrel versus ticagrelor 
or prasugrel in patients aged 70 years or older with non-
ST-elevation acute coronary syndrome (POPular AGE): 
the randomised, open-label, non-inferiority trial. Lancet 
2020;395:1374–1381.

104.	 Szummer K, Montez-Rath ME, Alfredsson J, Erlinge D, 
Lindahl B, Hofmann R, Ravn-Fischer A, Svensson P, Jernberg 
T. Comparison between ticagrelor and clopidogrel in elderly 
patients with an acute coronary syndrome: insights from the 
SWEDEHEART Registry. Circulation 2020;142:1700–1708.

105.	 Hong MK. One-month dual antiplatelet therapy followed by 
aspirin monotherapy after drug-eluting stent implantation: 
randomized One-Month DAPT trial. American Heart Association 
Scientific Sessions 2020. 15 November 2020.

106.	 Bainey KR, Welsh RC, Connolly SJ, Marsden T, Bosch J, Fox 
KAA, Steg PG, Vinereanu D, Connolly DL, Berkowitz SD, Foody 
JM, Probstfield JL, Branch KR, Lewis BS, Diaz R, Muehlhofer E, 
Widimsky P, Yusuf S, Eikelboom JW, Bhatt DL; On behalf of 
the COMPASS Investigators. Rivaroxaban plus aspirin versus 
aspirin alone in patients with prior percutaneous coronary 
intervention (COMPASS-PCI). Circulation 2020;141:1141–1151.

107.	 Silvain J, Lattuca B, Beygui F, Rangé G, Motovska Z, Dillinger 
J-G, Boueri Z, Brunel P, Lhermusier T, Pouillot C, Larrieu-
Ardilouze E, Boccara F, Labeque J-N, Guedeney P, El Kasty M, 
Laredo M, Dumaine R, Ducrocq G, Collet J-P, Cayla G, Blanchart 
K, Kala P, Vicaut E, Montalescot G; ALPHEUS investigators. 
Ticagrelor versus clopidogrel in elective percutaneous coronary 
intervention (ALPHEUS): a randomised, open-label, phase 3b 
trial. Lancet 2020;396:1737–1744.

108.	 Barbato E, Noc M, Baumbach A, Dudek D, Bunc M, Skalidis 
E, Banning A, Legutko J, Witt N, Pan M, Tilsted HH, Nef 
H, Tarantini G, Kazakiewicz D, Huculeci R, Cook S, Magdy 
A, Desmet W, Cayla G, Vinereanu D, Voskuil M, Goktekin 
O, Vardas P, Timmis A, Haude M. Mapping interventional 
cardiology in Europe: the European Association of 
Percutaneous Cardiovascular Interventions (EAPCI) Atlas 
Project. Eur Heart J 2020;41:2579–2588.

109.	 Timmis A, Townsend N, Gale CP, Torbica A, Lettino M, Petersen 
SE, Mossialos EA, Maggioni AP, Kazakiewicz D, May HT, De 
Smedt D, Flather M, Zuhlke L, Beltrame JF, Huculeci R, Tavazzi 
L, Hindricks G, Bax J, Casadei B, Achenbach S, Wright L, Vardas 
P; European Society of Cardiology. European Society of 
Cardiology: cardiovascular disease statistics 2019. Eur Heart J 
2020;41:12–85.


