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Úvodník | Editorial

The year in cardiovascular medicine 2020

Michael Aschermann

II. interní klinika kardiologie a angiologie, Kardiovaskulární centrum, 1. lékařská fakulta Univerzity Karlovy  
a Všeobecná fakultní nemocnice v Praze, Praha

Vážení čtenáři,

Evropská kardiologická společnost (ESC) sdružuje celkem 
56 národních kardiologických společností, které vydávají 
celkem 42 národních kardiologických časopisů – patří mezi 
ně i Cor et Vasa. V letošním roce nabídla ESC pro všechny 
národní časopisy možnost publikovat celkem osm článků 
z European Heart Journal, které jsou nazvány: The year in 
cardiovascular medicine 2020. Tyto články shrnují to nejdů-
ležitější a nejzajímavější, co se v roce 2020 událo v osmi te-
matických oblastech kardiologie: v arytmologii,1 v oblasti 
zobrazovacích metod,2 u chlopenních vad,3 v problematice 
srdečního selhání a  kardiomyopatií,4 v  epidemiologii 
a prevenci,5 u akutních koronárních syndromů a v  inten-
zivní péči,6 v intervenční kardiologii7 a v inovacích a „digi-
tálním zdraví“.8 Výbor ČKS jednoznačně podpořil možnost 
vydání těchto článků v suplementu Cor et Vasa, v redak-
ci časopisu se pak podařilo tuto publikaci připravit tak, 
abychom splnili požadavky ESC na tuto publikaci. Některá 
obrazová dokumentace je z administrativních důvodů do-
stupná pouze v originálních publikacích, proto u odkazů 
na dané obrázky najdete odkazy na jejich zdroje. Věřím, 
že přehledové články uvedených tematických oblastí od 
špičkových autorů budou přínosem pro vzdělání nás všech.  

Literatura
	 1.	 Crijns HJGM, Prinzen F, Lambiase PD, Sanders P, Brugada J. The 

year in cardiovascular medicine 2020: arrhythmias. Eur Heart J 
2021;42:499–507.

	 2.	 Zamorano JL, Pinto FJ, Solano-López J, Bucciarelli-Ducci C. The 
year in cardiovascular medicine 2020: imaging. Eur Heart J 
2021;42:740–749.

	 3.	 Bermejo J, Postigo A, Baumgartner H. The year in 
cardiovascular medicine 2020: valvular heart disease. Eur Heart 
J 2021;42:647–656.

	 4.	 Bueno H, Moura B, Lancellotti P, Bauersachs J. The 
year in cardiovascular medicine 2020: heart failure and 
cardiomyopathies. Eur Heart J 2021;42:657–670.

	 5.	 Estruch R, Ruilope LM, Cosentino F. The year in cardiovascular 
medicine 2020: epidemiology and prevention. Eur Heart J 
2021;42:813–821.

	 6.	 Ibanez B, Roque D, Price S. The year in cardiovascular medicine 
2020: acute coronary syndromes and intensive cardiac care. Eur 
Heart J 2021;42:884–895.

	 7.	 Alfonso F, Gonzalo N, Rivero F, Escaned J. The year in 
cardiovascular medicine 2020: interventional cardiology. Eur 
Heart J 2021;42:985–1003.

	 8.	 Antoniades C, Asselbergs FW, Vardas P. The year in 
cardiovascular medicine 2020: digital health and innovation, 
Eur Heart J 2021;42:732–739.

Adresa: Prof. MUDr. Michael Aschermann, DrSc., FESC, FACC, II. interní klinika kardiologie a angiologie, Kardiovaskulární centrum, 1. lékařská fakulta Univerzity 
Karlovy a Všeobecná fakultní nemocnice v Praze, U Nemocnice 2, 128 00 Praha 2, e-mail: aschermann@seznam.cz
© 2021, ČKS
DOI: 10.33678/cor.2021.075

Tento článek prosím citujte takto: Aschermann M. The year in cardiovascular medicine 2020. Cor Vasa 2021;63(Supl. 1):5.



The year in cardiovascular medicine 2020: arrhythmias

Harry J.G.M. Crijns1*, Frits Prinzen2, Pier D. Lambiase3, Prashanthan Sanders4, 
and Josep Brugada5

1 Department of Cardiology and Cardiovascular Research Centre Maastricht (CARIM), Maastricht University Medical Centre, 
Maastricht, The Netherlands; 2 Department of Physiology and Cardiovascular Research Centre Maastricht (CARIM), University 
of Maastricht, Maastricht, The Netherlands; 3 University College London & Barts Heart Centre, London, UK; 4 Centre for 
Heart Rhythm Disorders, University of Adelaide and Royal Adelaide Hospital, Adelaide, Australia; and 5 Cardiovascular 
Institute, Hospital Clinic, Pediatric Arrhythmia Unit, Hospital Sant Joan de Déu, University of Barcelona, Barcelona, Spain

Received 2 November 2020; revised 8 December 2020; accepted 19 December 2020; online publish-ahead-of-print 
3 January 2021

* Corresponding author. Tel: +31 433875093, Fax: +31 433875104, Email: hjgm.crijns@mumc.nl

The year in cardiovascularmedicine 2020:

imaging
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Introduction

The Year in Cardiovascular Medicine: Arrhythmias 2020 
reviews the most relevant studies in the field of arrhy-
thmias and pacing. The past year has shown a significant 
progress: landmark clinical trials in atrial fibrillation (AF) 
and implantable defibrillator (ICD) therapy, new guideli-
nes, integrated care, life style and arrhythmias, His bun-
dle pacing, risk prediction in sudden cardiac death, and 
advances in cardiogenetics.

New guidelines

The guidelines on supraventricular tachycardia (SVT) and AF 
brought many new insights and recommendations.1,2 The 
former dealt with SVT ablation as an early strategy and in-
vasive risk assessment in ventricular preexcitation. Its focus 
also was on what-to-avoid in management of SVT.2 The new 
guidelines on AF promote the slogan ‘CC to ABC’, indicating 
that electrical Confirmation of AF is mandatory together 
with in-depth Characterisation of AF (Figure 1).1 For manage-
ment the AF guidelines advise to follow the Atrial fibrillation 
Better Care (ABC) pathway, which represents care to (i) avoid 
stroke, (ii) better symptom control, and (iii) take care of co-
-morbidities and cardiovascular risk factors. Despite the lack 
of data to show clinical effectiveness, AF screening is advo-
cated saying that once AF is detected outcome worsens. It is 
also recommended to measure the quality of care over time 
and when needed improve care in an iterating cycle of im-
provement. The guidelines also highlight the importance of 
longitudinal rather than one-time cross-sectional assessment 
of stroke and bleeding risks since patients may outgrow 
their low risk status quite rapidly over time. Catheter ablati-
on is advocated to ameliorate AF symptoms and to manage 
AF-associated heart failure and may be applied after one an-
tiarrhythmic drug failure including failure on beta-blockade.

Randomized trials on integrated care  
in atrial fibrillation

Interesting randomized trials on integrated AF manage-
ment included the ALL-IN trial, a cluster randomized tri-

al in elderly AF patients in primary care, which showed 
that integrated care delivered by practice nurses super-
vised by general practitioners reduced all-cause morta-
lity by 45% compared to usual-care.3 This is impressive 
and highlights the power of ‘simple’ interventions if 
deployed systematically. The integrated care pathway 
included quarterly AF check-ups by the practice nurse, 
case management of antithrombotic treatment, and 
easy-access consultation of a  cardiologist. This repre-
sents patient-centered shared responsibilities between 
primary care, anticoagulation clinics, cardiologists, and 
patients. Similarly, RACE 4 reported that nurse-led, in-
formation and communication technology (ICT)-supp-
orted, and physician-supervised integrated care reduces 
morbidity and mortality in experienced centres but not 
in less-experienced centres and emphasized the impor-
tance of training in an integrated environment.4 Key 
elements of integrated care in these trials were the 
multidisciplinary team approach, education, and empo-
werment of patients and where possible application of 
decision support technology.

Recent mHealth solutions include TeleCheck-AF5,6 and 
a mobile AF application incorporating the ABC pathway 
(Figure 1).7 The mAFA II trial reported a significant reduc-
tion in all-cause death and adverse cardiovascular events 
compared to routine management in high-risk AF.7 Nota-
bly, single elements of integrated care such as application 
of a clinical decision support system,8 an educational9 or 
a motivational10 intervention to improve anticoagulation 
or introduction of shared decision-making11 improve the 
level of care but not prognosis.

In integrated care, patient-driven life-style changes 
targeting obesity, alcohol, and blood pressure control is 
important before performing rhythm control with cathe-
ter ablation. In a large cohort of 402 406 individuals from 
the UK Biobank, regular physical activity was related with 
a  lower incidence of AF (especially in women) and ven-
tricular arrhythmias but not of bradyarrhythmias.12 Also, 
a  randomized trial provided proof-of-concept data to 
support alcohol cessation as secondary prophylaxis against 
AF in regular drinkers.13 Per nature of the trial, it focused 
on one element of life style whilst a more comprehensive 
multi-level modification of AF risk factors may be needed 
to abrogate risks of AF in daily life.14

Summary of the progress in arrhythmias in 2020. RACE4 and ALL-IN indicated that integrated nurse-led care improves 
outcomes in AF patients.3,4 The same was reported for early rhythm control therapy15 and cryoablation as initial AF treat- 
ment.25,26 Subcutaneous ICD was non-inferior to classical transvenous ICD therapy in PRAETORIAN.54 One mechanistic 
study showed that autoantibodies against misexpressed actin, keratin, and connexin-43 proteins create a blood-borne 
biomarker profile enhancing diagnosis of Brugada syndrome.50 Another mechanistic study indicated that transseptal 
LV pacing yields similar improvement in contractility as His bundle pacing whilst being more easy to execute.44 In PRE-
-DETERMINE a simple-to-use ECG risk score improved risk prediction in patients with ischemic heart disease possibly 
enhancing appropriate ICD therapy in high risk patients.58 (Graphical Abstract – see in original.)

Keywords Guidelines • Randomized trial • Integrated care • Life style • Atrial fibrillation • Ventricular arrhythmias  
• Implantable defibrillator • His/left bundle pacing • Cardiogenetics • 

Abstract



8	 The year in cardiovascular medicine 2020: arrhythmias

The results are at odds with older trials, which may 
relate to earlier intervention, safer use of antiarrhy-
thmic drugs, and safe application of catheter ablati-
on. In accordance with the AF Guidelines,1,16–18 rhythm 
control was applied on top of cardiovascular preven-
tion. Like previous trials,19–21 EAST-AFNET4 was a stra-
tegy evaluation and not a  simple comparison of two 
treatment modalities meant to either maintain sinus 
rhythm or keeping adequate rate control like the CA-

Randomized trials on rhythm control  
in atrial fibrillation

The EAST-AFNET 4 trial compared a  rhythm with 
a  rate control strategy in patients with early AF las-
ting <1 year. It showed that rhythm control therapy, 
i.e. antiarrhythmic drugs and ablation, in early AF 
reduced cardiovascular outcomes without increasing 
time spent in-hospital, and without safety concerns.15 

Figure 1 

 
Figure 1 The CC to Atrial fibrillation Better Care paradigm in the latest European Society of Cardiology (ESC) guidelines provi-
des a comprehensive and holistic approach towards diagnosis and management of atrial fibrillation. CC stands for Confirmati-
on (first C) and Characterisation (second C) of atrial fibrillation according to the structured 4S-AF scheme including assessment 
of stroke risk, symptom severity, severity of atrial fibrillation burden, and substrate severity. From Hindricks et al.1, by permis- 
sion of OUP on behalf of ESC.
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BANA trial.22 EAST-AFNET4 included recently detected 
AF, which seems crucial since most events occur in the 
first year after AF detection.23,24 Early intervention is 
supported by two recent trials showing that cryoba-
lloon ablation as initial therapy is superior to drug 
treatment.25,26 Therefore, initial AF care should be 
supervised by cardiologists rather than non-cardiolo-
gists since 1-year mortality and morbidity are lower if 
newly diagnosed AF is managed under cardiology care 
compared to non-cardiology care.27,28

Early rhythm control in recent-onset AF in the emer-
gency room was tested in another randomized study com-
paring procainamide and rescue electrical cardioversion 
if needed with immediate electrical cardioversion.29 Both 
strategies were clinically highly effective, but the authors 
suggested that immediate cardioversion be preferred sin-
ce less burdensome for patients and the hospital.

Catheter ablation may be particularly useful in heart 
failure with AF,21,30 to improve quality of life31,32 as well 
as to save costs.33 One interesting observational study 
suggested that catheter ablation compared to drug tre-
atment is associated with a lower incidence of vascular 
dementia.34 To support or circumvent catheter ablati-
on, recent reports advocated add-on renal denervati-
on35 or low level tragus stimulation.36 In CASA-AF,37,38 
single procedure thoracoscopic surgical left atrial pos-
terior wall isolation was not superior to extensive po-
int-by-point posterior wall isolation plus right and left 
isthmus ablation and came with higher costs and less 
gain in QALYs. However, the surgical lesion set was qui-
te limited and surgical learning curve effects may have 
affected outcome.

Postoperative atrial fibrillation

The risk of stroke and other adverse outcomes after post-
operative AF (POAF) was reported from the combined 
datasets of the randomized POISE trials on the effects of 
metoprolol vs. placebo, aspirin vs. placebo, and clonidine 
vs. placebo.39 Patients with cardiovascular disease were 
undergoing non-cardiac surgery. POAF within 30 days af-
ter surgery was seen in 404 of 18 117 patients and was as-
sociated with 1-year stroke incidence of 5.6% compared 
to 1.5% in no-POAF patients. Also, risk of death (31.3% 
vs. 9.3%) and myocardial infarction (26.2 vs. 8.2) were inc-
reased (Figure 2). Risk reduction strategies still need to be 
investigated. This knowledge gap was unfortunately not 
filled by a  recent randomized trial testing the sedative 
dexmedetomidine against placebo to reduce new-onset 
POAF as well as delirium in 798 patients undergoing car-
diac surgery.40 The incidence of new POAF (∼32%) and 
delirium (∼15%) did not differ between study groups.

Resynchronization therapy, including His 
bundle, septal, and left bundle pacing

The year 2020 saw an exponential increase in interest 
for His bundle (HBP) and left bundle branch area pacing 
(LBBAP) in cardiac resynchronization therapy (CRT). The 
number of implants in the USA of the most commonly 
used lead (Medtronic 3830), showed an increase from 
2000 in 2016 to 10 000 in 2018. The number of HBP rela-
ted publications increased from 5 in 2014 to 75 in 2018.41 

Figure 2 

 

Figure 2 Adverse events per 100 patient-years follow-up in patients with cardiovascular disease after non-cardiac surgery indi-
cate that postoperative atrial fibrillation is associated with a significantly elevated incidence of cardiovascular adverse events. 
From Conen et al.39, by permission of OUP on behalf of ESC.
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Worldwide sales of the 3830 lead increased nine-fold 
between 2014 and 2018. The Twitter ‘#dontdisthehis’ at-
tracted almost 1200 users within 2.5 years.42 The increased 
interest in HBP is likely due to the availability of better 
guiding catheters and the evidence that HBP is also suita-
ble for CRT. In 2020, a few studies indicated that HBP may 
be equal or superior to conventional biventricular pacing 
(BVP) with regard to acute hemodynamic improvement, 
reverse remodeling and clinical outcome.43–45

In 2020, LBBAP was only 3 years old but attracted alrea-
dy considerable interest. For LBBAP, the 3830 lead is in-
troduced transvenously and subsequently screwed throu-
gh the interventricular septum until the tip of the lead is 
(almost) at the left ventricular (LV) endocardium (Figure 
3). Compared to HBP, LBBAP lead implantation is easier 
and pacing thresholds are lower.46 Some investigators aim 
at capturing the left bundle branch itself,45 but others are 
less critical and accept any ‘LV septal’ lead position.44 In 
2020, a  number of small single and multicenter studies 
appeared. Hou et al.46 performed a study in 56 patients 
with bradyarrhythmias and LVEF >55%. These authors 
found that permanent LBBAP is safe and feasible. A be-
tter maintenance of synchrony of contraction, determi-
ned using SPECT MPI phase analysis, was observed when 
the left bundle branch was captured. Three studies com-

prising a total of 116 patients with LBBAP, 49 with HBP, 
and 75 with BVP consistently showed a larger reduction 
in QRS-complex (QRS) duration in combination with a lar-
ger increase in LV ejection fraction.45,47,48

Salden et al.44 compared the acute hemodynamic and 
electrophysiological effects of ‘LV septum pacing’ with 
that of BVP and HBP. The three pacing modes were com-
parable with regards to increase in LVdP/dtmax, whilst 
HBP and LV septum pacing tended to provide better 
electrical resynchronization. An important finding was 
also that similar effects were observed when pacing the 
LV septum at the basal, equatorial and apical part of the 
septum. To show feasibility, safety (including lead ex-
traction) and clinical effectiveness of these new pacing 
modalities, randomized studies are required comparing 
LBBP with HBP and BVP. A prospective randomized study 
is currently performed in China.49

Inherited cardiac conditions, risk assessment, 
implantable defibrillators, and sudden death

A novel approach to the diagnosis of Brugada syndrome 
(BrS) described the utilization of autoantibody screening 
for α-cardiac actin, α-skeletal actin, keratin, and conne-

Figure 3 Schematic representation (upper right) and X-ray and computed tomography images (lower right) of positioning the 
pacing lead at the left side of the septum. Left panels show the electrocardiogram (ECG) during intrinsic rhythm of a patient 
with atrial fibrillation that received a pacemaker. Middle row of ECGs shows signals when pacing the lead at its initial position 
at the right of the septum and right row shows signals during pacing at final position. Note almost normalization of signals, 
QRS duration, and QRS area during LBB pacing.

Figure 3 
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xin-43. In total, 18/18 BrS subjects demonstrated this au-
toantibody profile vs. 0/8 normal controls and 0/20 car-
diomyopathy cases, which included arrhythmogenic right 
ventricular cardiomyopathy (ARVC), hypertrophic car-
diomyopathy (HCM), and dilated cardiomyopathy (DCM) 
patients.50 In a  subgroup of BrS patients, each of these 
proteins and the sodium channel protein type 5 alpha su-
bunit (NaV1.5) aggregated in the sarcoplasm of myocar-
dial cells. The mechanism as to why antibodies to these 
proteins identified BrS cases is unclear but could relate 
to sarcolemmal membrane damage either due to a myo-
carditic process in the disease course or abnormal cell ad-
hesion resulting in an immune response. The novelty of 
this study is the utilisation of a serological test to identify 
BrS subjects, which can be challenging given the transient 
nature of the electrocardiogram (ECG) pattern. This pa-
per is complemented by a study investigating polygenic 
risk (PRS) of ECG markers to predict a positive ajmaline 
response.51 PRS for BrS, baseline QRS duration, presence 
of Type II or III BrS ECG at baseline and family history of 
BrS were independently associated with the occurrence 
of a Type I BrS ECG, with good predictive accuracy (op-
timism-corrected C-statistic 0.74). This provides the first 
data to enable the combination of genetic and clinical 
screening to predict ajmaline responses and has implicati-
ons for risk stratification.

A combined clinical and electrophysiological mapping 
study showed that SCN5A mutation carriers exhibit 
more pronounced epicardial electrical abnormalities 
and a more aggressive clinical presentation than non-ca-
rriers.52

Recent data support the use of drug therapy to ma-
nage patients with catecholaminergic polymorphic VT 
(CPVT). In a provocative paper by Van der Werf et al.,53 no 
survival benefit from ICDs was shown in young CPVT pa-
tients surviving cardiac arrest. There are a number of ca-
veats to this study, but the main learning point was that 
such patients can be treated without an ICD.

PRAETORIAN compare d transvenous and subcuta-
neous ICDs in 849 patients >18 years with a class I or Iia 
indication for ICD therapy for primary or secondary pre-
vention, followed for 49.1 months.54 S-ICD demonstrated 
non-inferiority of the composite primary endpoint of de-
vice-related complications and inappropriate shocks. This 
provides the first multicentre trial evidence that the S-ICD 
is as effective and safe as transvenous ICD in preventing 
SCD for patients not requiring brady-pacing, anti-tachy-
cardia VT pacing, or CRT, but challenges remain including 
longevity of leads and ICD, and inappropriate shocks. 
Concerning the latter, the UNTOUCHED study of primary 
prevention ICD therapy supports the PRAETORIAN data 
by showing an inappropriate shock-free rate of 95.9%, 
suggesting that the new SMART PASS filter technology 
and appropriate high rate S-ICD programming may mini-
mize inappropriate shocks in S-ICD recipients.55

Two primary prevention ICD registries applying pro-
pensity scoring showed beneficial effects but differed 
concerning efficacy of ICD in women and elderly.56,57

To predict sudden arrhythmic death (SAD) in coronary 
artery disease, the PRE-DETERMINE investigators integra-
ted an ECG risk score with conventional cardiovascular 
parameters. A high-risk ECG score incorporating contigu-

ous Q waves, LV hypertrophy, QRS duration, and JTc pro-
longation was more strongly associated with SAD than 
non-SAD (adjusted hazard ratios 2.87 vs. 1.38) and the 
proportion of deaths due to SAD was greater in the high 
vs. low risk groups (24.9% vs. 16.5%).58 The addition of 
ECG markers to a clinical risk factor model including LVEF 
improved discrimination and reclassification, including 
correct reclassification of 28% of patients in the validati-
on cohort. The strength of this approach is the utilization 
of simple bedside biomarkers to determine management, 
but it needs clinical validation in a randomized trial.

To conclude, The Year in Cardiovascular Medicine 
2020—Arrhythmias shows significant progress in the 
field, much of it incremental, some of it attention gathe-
ring, and some of it clearly needing further work.

Conflict of interest: none declared.
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José Luis Zamorano1*, Fausto J. Pinto 2, Jorge Solano-López1, and
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Introduction

The past year has been a unique one owing to the out-
break of COVID-19, which has affected the population 
worldwide, with the ensuing economic and social con-
sequences. The field of cardiology has not escaped this 
reality bringing with it changes in our everyday clinical 
praxis. The contribution of different imaging techniques 
to the cardiac involvement of COVID-19 with diagnostic 
and prognostic implications has been published very ex-
peditiously. It is still pending to ascertain the long-term 
outcome of the different degrees of cardiac injury.

The recent publication of the ISCHEMIA trial1 has re-
sulted in a heated debate on the role of ischaemia test-
ing in patients with stable coronary artery disease (CAD), 
with some colleagues advocating that ISCHEMIA has sanc-
tioned the limited role of myocardial ischaemia in patients 
with stable CAD. However, this is not the conclusion of 

the trial, nor its primary hypothesis nor the study design 
and extrapolation beyond these boundaries could be in-
correct. Ischaemia imaging will continue to play a major 
role in the diagnosis and management of stable CAD as 
both physicians and patients still need to clarify the cause 
of symptoms, coronary anatomy does not infer ischaemia 
or explains symptoms, and chest pain can also be of non-
coronary origin. Most importantly, there is no randomized 
trial demonstrating that an imaging approach of coronary 
anatomy is superior to functional testing. In fact, PROM-
ISE2 is the only trial that compared the two strategies and 
it did not demonstrate any difference in outcome be-
tween the two approaches.

Furthermore, advances in the knowledge and appli-
cation of artificial intelligence (AI) are consolidating the 
need for greater attention and interest regarding a tool 
that in a few years will become part of our daily clinical 
practice. Finally, we highlight the introduction of new rec-

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 and wirelessly transferred into Holo-
Lens 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 echocardio-
graphist and shared by interventional cardiologist. From Kasprzak et al.7, by permission of OUP on behalf of the ESC.

Keywords Echocardiography • CT scan • Cardiac magnetic resonance • Nuclear cardiology
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with bicuspid aortic valve (BAV). Kong et al.,5 realized 
a study to evaluate the proportion and prognostic value 
of impaired LV global longitudinal strain (GLS) in patients 
with BAV and preserved LV ejection fraction (EF). It evalu-
ated the proportion and prognostic value of impaired LV 
GLS in patients with BAV and preserved LVEF. Five hun-
dred and thirteen patients with BAV and preserved LVEF 
(>50%) were divided into five groups according to the 
type of BAV dysfunction: (i) normal function BAV, (ii) mild 
AS or aortic regurgitation (AR), (iii) ≥ moderate isolated 
AS, (iv) ≥ moderate isolated AR, and (v) ≥ moderate mixed 
AS and AR. LV systolic dysfunction based on 2D speck-
le-tracking echocardiography was defined as a  cut-off 
value of left ventricular global longitudinal strain [LVGLS 
(−13.6%)]. The primary outcome was aortic valve inter-
vention or all-cause mortality. The proportion of patients 
with LVGLS ≤−13.6% was the highest in the normal BAV 
group (97%) and the lowest in the group with moderate 
and severe mixed AS and AR (79%). During a median fol-
low-up of 10 years, 210 (41%) patients underwent aortic 
valve replacement and 17 (3%) died. Patients with pre-
served LV systolic function (LVGLS ≤-13.6%) had signifi-
cantly better event-free survival compared to those with 
impaired LV systolic function (LVGLS >-13.6%). LVGLS was 
independently associated with increased risk of events 
(mainly aortic valve replacement): hazard ratio (HR) 1.09; 
P < 0.001. Therefore, impaired LVGLS in BAV with pre-
served LVEF is not infrequent and was independently as-
sociated with increased risk of events.

GLS is a strong predictor of adverse cardiovascular out-
come in men. However, studies have indicated that GLS 
may not predict cardiovascular outcomes as effectively in 
women. Lundorff et al.6 identified echocardiographic pre-
dictors of cardiovascular morbidity and mortality in 1245 
women from the general population free of HF and atrial 
fibrillation, who had an echocardiographic examination 
performed including tissue Doppler imaging. In this sub-
set, 747 women had images eligible for strain analysis. 
Endpoint was a  composite of acute myocardial infarc-
tion (MI), HF, and cardiovascular death. During follow-
up (median 12.5 years), 162 women (13.0%) reached the 
composite outcome. These women had higher LV mass in-
dex (LVMI), more LV hypertrophy, lower E/A, higher E/e′, 
larger LV dimensions, and longer deceleration time. LVMI 
and e′ remained as significant predictors of the composite 
outcome. GLS was not an independent predictor of out-
come after multivariable adjustment. The authors con-
cluded the degree of LV hypertrophy assessed as LVMI 
and diastolic dysfunction evaluated by e′ were associated 
with adverse cardiovascular outcome in women from the 
general population.

Some new technological developments in echocar-
diography have also been described in some short pa-
pers, such as the development of a method of real-time 
streaming of 3D-transesophageal echocardiography data 
into head-mounted mixed-reality holographic display 
allowing for touchless control and data sharing within 
the cath-lab. The method was tested for the first time in 
human during percutaneous mitral balloon commissur-
otomy.7 In another paper, it was presented a  novel fu-
sion pipeline that first aligns 3D echocardiography and 
magnetic resonance imaging (MRI) in time (mid-diastole) 

ommendations in the use of imaging techniques in the 
new practice guidelines.

We then summarize the most outstanding studies from 
the last year relating to the most relevant imaging tech-
niques in current cardiology.

Echocardiography

Echocardiography continues to be one of the most used 
methods to better understand cardiac pathophysiology 
and different pathological and even normal aspects of 
cardiac function and also plays a central role in daily pa-
tient management. Several papers have been published 
in 2020, and here, we highlight just a  small proportion 
of the large amount of literature that has been produced 
during this year, a very unusual one, considering the CO-
VID-19 pandemic that affected all of us.

One area of great current interest is transthyretin 
amyloidosis cardiomyopathy (ATTR-CM), an increasingly 
recognized cause of heart failure (HF) and with the new 
treatment strategies underway, some already with im-
portant clinical results; its recognition is becoming a must 
in clinical scenarios. Echocardiography has always played 
a  role in the diagnosis of amyloidosis and that role is 
further strengthened with the exponential increase in 
relevance of amyloidosis. Chacko et al.3 in an interna-
tional network characterized the structural and func-
tional echocardiographic phenotype across the spectrum 
of wild-type (wtATTR-CM) and hereditary (hATTR-CM) 
transthyretin cardiomyopathy and the echocardiographic 
features predicting prognosis. They studied 1240 patients 
with ATTR-CM, comprising 766 with wtATTR-CM and 
474 with hATTR-CM, of whom 314 had the V122I vari-
ant and 127 the T60A variant. At diagnosis, patients with 
V122I-hATTR-CM had the most severe degree of systolic 
and diastolic dysfunction across all echocardiographic pa-
rameters and patients with T60A-hATTR-CM the least; pa-
tients with wtATTR-CM had intermediate features. Stroke 
volume index, right atrial area index, longitudinal strain, 
and E/e′ were independently associated with mortality 
(P < 0.05 for all). Severe aortic stenosis (AS) was also inde-
pendently associated with prognosis, conferring a signifi-
cantly shorter survival (median survival 22 vs. 53 months, 
P = 0.001). In this study, the three distinct genotypes pre-
sented with varying degrees of severity. Echocardiogra-
phy indicated a complex pathophysiology in which both 
systolic and diastolic functions were independently as-
sociated with mortality. The presence of severe AS was 
also independently associated with significantly reduced 
patient survival.

The need for normal values is very important to set the 
references to determine the pathological boundaries. In 
this regard, the NORRE study provided useful reference 
ranges of 2D echocardiographic measurements of left 
ventricular (LV) layer-specific strain from a  large group 
of healthy volunteers of both genders over a wide range 
of ages.4

The importance of developing parameters that may 
help the clinician to better understand the severity of cer-
tain disease conditions, as well as risk stratify the patients, 
is of utmost clinical relevance. That is the case of patients 
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and space using a landmark-based registration algorithm 
and second fuses both images enabling combined image 
segmentation for 3D printing. This pipeline was demon-
strated in young girl with VSD and straddling mitral valve 
after an arterial switch operation.8

Another outstanding study exploring the use of arti-
ficial intelligence in cardiac imaging is that of Ghorbani 
et al.9 in which a model (Echonet) of deep learning is de-
veloped. After training with 2.6 million echocardiograms 
the model is capable of measuring with good accuracy 
different cardiac structures and function such as LV end 
systolic and diastolic volumes (R2 = 0.74 and R2 = 0.70), EF 
(R2 = 0.50), left atrial enlargement, and LV hypertrophy. 
Moreover, like other AI models, Echonet is capable to 
identify phenotypes of age (R2 = 0.46), sex (AUC = 0.88), 
weight (R2 = 0.56), and height (R2 = 0.33) difficult to assess 
by human evaluation. Considering that echocardiogra-
phy is the most widely used imaging test in cardiology, it 
is anodyne and quite accessible; having the support of AI 
could reduce the need for human resources in the inter-
pretation of the images allowing the study to be offered 
to a broader population. Furthermore, it could generate 
predictive models of cardiovascular events by identifying 
parameters that are difficult to evaluate by humans.

Finally, in the latest published guidelines, we have ap-
preciated the inclusion of echocardiography with class 
I recommendation, reflecting the relevance of this tech-
nique in routine cardiology practice.10–13

Cardiovascular magnetic resonance

Over the last year, cardiovascular magnetic resonance 
(CMR) has confirmed an established role in the diagnosis, 
management, and prognosis of patients with chest pain, 
ischaemic heart disease, and non-ischaemic cardiomyopa-
thies, further improved by AI and machine learning (ML).

The MR-INFORM trial is an unblinded, multicentre, 
clinical-effectiveness trial in patients with typical angina 
whose management was randomly assigned to a  CMR 
stress perfusion-based strategy or an fractional flow re-
serve (FFR)-based strategy.14 The primary outcome of 
death, non-fatal MI, or target-vessel revascularization 
within 1 year occurred in 15 of 421 patients (3.6%) in the 
cardiovascular MRI group and 16 of 430 patients (3.7%) 
in the FFR group [risk difference, -0.2 percentage points; 
95% confidence interval (CI) -2.7 to 2.4], demonstrating 
the non-inferiority of stress CMR to FFR with respect to 
major adverse cardiac events. Stress CMR was also associ-
ated with lower incidence of coronary revascularisation 
than FFR.

The Stress CMR Perfusion Imaging in the United States 
(SPINS) study demonstrated excellent diagnostic and 
prognostic value of stress CMR in single-centre study.15 Pa-
tients with no ischaemia or late gadolinium enhancement 
(LGE) by CMR (n = 1583, 67%) experienced low annualized 
rates of primary outcome of cardiovascular death or non-
fatal MI (<1%) and coronary revascularization (1–3%). In 
contrast, patients with ischaemia and LGE experienced 
a  more than four-fold higher annual primary outcome 
rate and a  >10-fold higher rate of coronary revascular-
ization during the first year after CMR. The implication 

is that patients without ischaemia or LGE on CMR have 
a low incidence of cardiac events, little need for coronary 
revascularization, and low spending on subsequent isch-
aemia testing. The cost-effectiveness study of SPINS dem-
onstrated that, stress CMR can be a cost-effective gate-
keeping tool prior to invasive coronary angiography (ICA) 
in patients at risk for obstructive CAD.16 In particular, the 
incremental cost-effectiveness ratio for the CMR-based 
strategy compared with the no-imaging strategy was $52 
000/quality-adjusted life years (QALY), whereas the in-
cremental cost-effectiveness ratio for the immediate ICA 
strategy was $12 million/QALY compared with CMR.

Recent developments on quantitative CMR stress per-
fusion with automated measurements using AI17 have 
been validated clinically.18 The advances in computa-
tion power permit inline automated annotation and the 
use sophisticated myocardial perfusion models (e.g. the 
blood-tissue exchange model) to be solved with low vari-
ability in real time during scanning vs. hours of complex 
analysis with potentially variable results (Figure 1 – see in 
original).

Knott et al. assessed the prognostic significance of 
this new technology in 1 049 patients with known or 
suspected coronary artery disease reduced myocardial 
blood flow (MBF) and myocardial perfusion reserve (MPR) 
quantified automatically inline were strong independent 
predictors of adverse cardiovascular outcome. For each 
1 mL g-1 min-1 decrease in stress MBF, the adjusted HRs for 
death and major cardiovascular event (MACE) were 1.93 
(95% CI 1.08–3.48;  P = 0.028) and 2.14 (95% CI 1.58–2.90; 
P < 0.0001), respectively, even after adjusting for age and 
comorbidities.19

AI and ML are providing new opportunities and push-
ing the envelope in cardiovascular imaging on faster bet-
ter image analysis. Bhuva et al.20 conducted a multicen-
tre, human and ML CMR study to test generalizability and 
precision in imaging biomarker analysis. The precision in 
calculating LVEF in 110 patients with a range a disease, 
multiple institutions, and different scanner manufac-
turers and field strengths were similar among expert, 
trained junior, and automated [coefficient of variation 
6.1 (5.2–7.1%), P = 0.2581; 8.3 (5.6–10.3%), P = 0.3653; 8.8 
(6.1–11.1%), P = 0.8620]. However, the automated analy-
sis was 186 times faster than humans (0.07 vs. 13 min), 
concluding that automated ML analysis is faster with 
similar precision to the most precise (expert) human as-
sessment.

The increasing use of AI in CMR post-processing and 
image analysis is improving measurements’ precision, ac-
curacy and reliability which become less dependent on 
operator’s  experience. This can have the direct conse-
quence of empowering less-experienced centres to per-
form CMR, thus increasing CMR availability. Moreover, 
the improved diagnostics is also coupled with rapid im-
age analysis which translated in improved physician time 
of efficiency, an attracting feature for busy clinical sched-
ules.

Up to 30–40% of patients undergoing cardiac resyn-
chronization therapy (CRT) show no improvement, and 
there is a necessity to improve the selection of patients. 
In a prospective multicentre study of 200 CRT recipients, 
Aalen et al. demonstrated that the combination of septal 
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and lateral wall function measured by myocardial work 
with pressure-strain analysis on echocardiography and 
myocardial scar assessed by CMR LGE can offer a precise 
and relative simple approach to improve selection of CRT 
candidates, particularly in patients with ischaemic cardio-
myopathy and/or intermediate QRS complex (QRS) dura-
tion. CRT response was predicted by the work difference 
between septum and lateral wall with an area under the 
curve (AUC) of 0.77 (95% CI 0.70–0.84). The combina-
tion of septal viability by CMR combined with myocar-
dial work difference assessment significantly increased 
predicted CRT response reaching an AUC of 0.88 (95% CI 
0.81–0.95).21

The role of CMR in the diagnosis of cardiac amyloido-
sis (CA) is becoming increasingly established. One of the 
most impactful technical developments this year is the 
demonstration that a  novel approach called diffusion 
tensor CMR (DT-CMR) can characterize the myocardial 
microstructural effects of amyloid infiltration in patients. 
Khalique et al. showed that this contrast-free and radia-
tion-free technique can identify the location and extent 
of the expanded disorganized myocardium. Moreover, 
novel imaging biomarkers of diffusivity and fractional 
anisotropy can effectively discriminate CA (n = 20) from 
hypertrophic cardiomyopathy (HCM) (n = 11). The prelimi-
nary results of this innovative in vivo technique suggest 
novel pathophysiological mechanisms and improved di-
agnostics, proving a promising new dimension in the as-
sessment heart muscle disorders.22

The Hypertrophic Cardiomyopathy Registry (HCMR 
Registry) recruited 2755 patients with HCM from 44 sites 
in 6 countries, and includes CMR, genetic, and biomark-
ers data in order to improve risk prediction. The base-
line data identified two distinct subgroups of patients: 
a group with sarcomere positive mutation and more fi-
brosis by CMR and a group sarcomere mutation negative 
with less fibrosis.23 The group that was sarcomere muta-
tion positive and more fibrosis had less resting obstruc-
tion, whereas the other group had more likely isolated 
basal septal hypertrophy with obstruction. The degree of 
obstruction appears an important feature that differs be-
tween the two groups.

In a single-centre study, Raman et al.24 investigated the 
mechanisms of fibrosis progression in patients with HCM. 
LGE increment was significantly higher in those with im-
paired MPR < 1.40 and energetics (phosphocreatine/ad-
enosine triphosphate) <1.44 on baseline CMR (P ≤ 0.01 for 
both). Substantial LGE progression was associated with LV 
thinning, LV dilatation, and reduced systolic function and 
conferred a five-fold increased risk of subsequent clinical 
events (HR 5.04, 95% CI 1.85–13.79; P = 0.002).

Since the beginning of the COVID-19 pandemic, there 
are an increasing number of publications on the role of 
CMR in detecting myocardial damage in infected indi-
viduals. Whilst CMR has a clear clinical role in identifying 
cardiac damage in patients with a range of cardiovascu-
lar disease, the results of the CMR studies in COVID-19 
patients to date (at the time of writing this manuscript) 
are still preliminary. Confirmatory results are warranted 
from large-scale multicentre studies with robust method-
ology before change in clinical management can be advo-
cated. Most notably, an observational single-centre study 

in Germany25 describes the CMR findings in 100 asymp-
tomatic patients recently recovered from the COVID-19 
infection (>2 weeks from original diagnosis and resolu-
tion of the respiratory symptoms and negative results on 
a swab test at the end of the isolation period) of whom 
n = 67 recovered at home (n = 18 asymptomatic, n = 49 
minor-to-moderate symptoms) and only n = 33 with se-
vere symptoms requiring hospitalization. The cohort was 
compared to 50 healthy and risk factor-matched controls. 
They showed that 78 patients (78%) had abnormal CMR 
findings, including raised myocardial native T1 (n = 73), 
raised myocardial native T2 (n = 60), presence of myocar-
dial LGE (n = 32), or presence of pericardial enhancement 
(n = 22). At the time of the CMR, high-sensitivity tropo-
nin T (hsTnT) was detectable (>3 pg/mL) in 71 patients re-
cently recovered from COVID-19 (71%) and significantly 
elevated (>13.9 pg/mL) in 5 patients (5%). Compared with 
healthy controls and risk factor-matched controls, pa-
tients recently recovered from COVID-19 had lower LVEF, 
higher left ventricle volumes, and raised native T1 and T2. 
Whilst the results of widespread cardiac changes detect-
ed by CMR in asymptomatic patients previously infected 
by the SARS-CoV-2 virus are intriguing, the clinical sig-
nificance of these findings is unclear and still needs to be 
determined. Unfortunately, the results of this study have 
been overemphasized, and in part sensationalized, by the 
media with the inevitable results of creating concerns 
among members of the public, confusion among physi-
cians, and a degree of scepticism among imaging experts 
internationally. Multicentre large-scale prospective CMR 
studies to detect and measure acute and chronic cardiac 
damage of the COVID-19 infection are currently under-
way, COVID-Heart and COVID-PHOSP among others.

The recommendations for the use of CMR in the di-
agnosis and management of patients with cardiovascular 
disease are increasing. In the latest release of ESC guide-
lines in 2020, the Guidelines for the Management of 
Acute Coronary Syndromes in Patients Presenting with-
out Persistent ST-segment Elevation12 includes for the first 
time CMR as a class I recommendation, level of evidence B 
in all patients with MI and unobstructed coronary arteries 
without an obvious cause.

Computed tomography

Over the past year, studies concerning computed tomog-
raphy (CT) in the cardiovascular scenario have strength-
ened its ability as a  predictor of cardiovascular events, 
and as a therapeutic guide in primary prevention.

Recently, ROBINSCA trial assessed the effectiveness of 
cardiovascular disease (CVD) screening in asymptomatic 
participants using the SCORE model (n = 12 185) or coro-
nary artery calcium (CAC) scoring (n = 12 950). Both arms 
were stratified into low, intermediate, or high 10-year 
risk for developing fatal and non-fatal cardiovascular dis-
ease. SCORE screening arm identified 45.1% at low risk 
(SCORE <10%), 26.5% at intermediate risk (10–20%), and 
28.4% at high risk (≥20%). According to the CAC screen-
ing, 76.0% were at low risk (Agatston <100), 15.1% at 
high risk (100–399), and 8.9% at very high risk (≥400). CAC 
scoring significantly reduced the proportion of individu-
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als needing preventive treatment compared to SCORE 
(relative reduction women: 37.2%; men: 28.8%).26

From the multicentre CAC Consortium study, 66 636 
asymptomatic patients with a CT were assessed, utilizing 
multivariate regression models for the risk of all-cause 
mortality and cause-specific mortality based on their CAC 
score. After adjustments, individuals with CAC ≥1000 
had a 5.04-, 6.79-, 1.55-, and 2.89-fold risk of CVD, CAD, 
cancer, and all-cause mortality, respectively, compared 
to those with CAC score of 0. The CAC ≥1000 group had 
a 1.71-, 1.84-, 1.36-, and 1.51-fold increased risk of CVD, 
CAD, cancer, and all-cause mortality in comparison to 
those with CAC scores of 400–999. These lead to consider 
more aggressive preventive treatment for patients with 
CAC score ≥1000.27

The MESA Study investigators assessed the value of 
CAC for guiding aspirin allocation in primary preven-
tion. All participants (n = 6470) underwent a  baseline 
CAC score. CVD risk was estimated using the pooled co-
hort equation (PCE), defining three strata: <5%, 5–20%, 
and >20%. Based on PCE the number needed to treat at 
5 years (NNT5) was greater than or similar to the num-
ber needed to harm (NNH5) among the three estimated 
cardiovascular risk strata. Conversely, CAC ≥100 and CAC 
≥400 identified subgroups in which NNT5 was lower 

than NNH5. This was true both overall (for CAC ≥100, 
NNT5 = 140 vs. NNH5 = 518) and within all cardiovascular 
risk strata. Also, CAC = 0 identified subgroups in which the 
NNT5 was much higher than the NNH5.28

Olesen et al. stratified 48 731 patients by diabetes 
status and CAD severity (no, non-obstructive, or obstruc-
tive) assessed by coronary CT angiography (CCTA). With 
the median follow-up of 3.6 years, they found that dia-
betic patients had higher death rates than non-diabetic 
patients, irrespective of CAD severity. Still, those diabetic 
patients without CAD have a low risk of MI similar to non-
diabetic patients.29

Finck et al. conducted a study with 1615 patients with 
suspected CAD who underwent a CCTA with morphologi-
cal analysis of the atheromatous plaque. After an aver-
age of 10.5 years, there were 36 cardiac deaths and 15 
non-fatal MI. Among characteristics of the plaque; the 
spotty or gross calcification pattern and the napkin ring 
sign (NRS) (low-attenuating central portion with ring-like 
higher attenuation) were predictive for events. Yet, only 
spotted calcified plaques and NRS convey further prog-
nostic value above clinical features and the severity of 
coronary stenosis. In a stepwise approach, the prediction 
of endpoint beyond clinical risk could be improved by 
including the severity of CAD (x2 of 27.5, P < 0.001) and 

Figure 2 Coronary computed tomography angiograms demonstrating high-risk plaque (HRP) in culprit lesion precursors.  
A 61-year-old male ex-smoker exhibited a high-risk plaque extending from the (A) left main to the (B) proximal left anterior 
descending artery with (C) 41% diameter stenosis severity, (D) positive remodelling (white arrow), and low-attenuation plaque 
(green arrow). There is also diffuse calcification. One month later, the patient presented with a non-ST-elevation myocardial 
infarction. A 55-year-old male with hypertension and hyperlipidaemia exhibited a high-risk plaque with (E) only 35% DS seve-
rity, but (F) positive remodelling, low-attenuation plaque, and napkin-ring sign. The patient presented with a non-ST-elevation 
myocardial infarction 2 months later. From Ferraro et al.33, by permission of OUP on behalf of the ESC.
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further discrimination for spotty calcified plaques (x2 of 
3.89, P = 0.049).30

Another study assessed whether non-calcified low-at-
tenuation plaque burden on CCTA might have a better 
predictor of MI than CAC or coronary stenosis severity. 
They followed up 1769 patients with suspected angina 
for median 4.7 years finding that low-attenuation plaque 
burden was the strongest predictor of MI (P = 0.014), ir-
respective of cardiovascular risk score, CAC score, or 
coronary artery stenosis. Patients with low-attenuation 
plaque burden >4% were almost five times more likely to 
have subsequent MI (P < 0.001).31

From the PARADIGM Study, 2252 patients who under-
went clinically indicated serial CCTA at an interscan in-
terval of ≥2 years with non-obstructive plaques (<50%) at 
baseline were studied. The aim was to prove whether the 
plaque atheroma volume (PAV), the percentage of diam-
eter stenosis (%DS) or high-risk plaques (HRPs) were more 
likely to progress to obstructive lesions (>50%). On mul-
tivariate analysis, only the baseline total PAV and %DS 
independently predicted the development of obstructive 
lesions (P < 0.05), whereas the presence of HRP did not 
(P > 0.05).32

The investigators of the ICONIC study performed a nest-
ed case–control study of patients who underwent a CCTA 
prior developing an acute coronary syndrome. Culprit le-
sions were confirmed by invasive coronary angiography 
and coregistered to baseline CCTA images. They found 
that HRPs on baseline CCTA were less prevalent in non-
obstructive plaques (19.7%) than in obstructive plaques 
(46.8%). Even though non-obstructive plaque comprised 
81.3% of HRP lesions overall. Among patients with iden-
tifiable culprit lesion precursors, the adjusted HR was 1.85 
(95% CI 1.26–2.72) for HRP, with no interaction between 
%DS and HRP. Compared to non-obstructive HRP lesions, 
obstructive lesions without HRP exhibited a non-signifi-
cant HR of 1.41 (95% CI 0.61–3.25) (Figure 2).33

Recently, the ADVANCE Registry presented its 1-year 
results of 4288 patients with suspected CAD in whom 
a  30% coronary stenosis was identified by CCTA. They 
evaluated the relationship of fractional flow reserve 
derived from CCTA (FFR

CT
) with clinical outcomes. There 

were 55 events; 78% of them occurred in patients with 
an FFR

CT
 ≤0.80 (P = 0.06). Time to first event (cardiovascu-

lar death or MI) occurred more in patients with an FFR
CT

 
≤0.80 compared with FFR

CT
 >0.80 patients (25 [0.80%] 

vs. 3 [0.20%]; relative risk (RR): 4.22; 95% CI: 1.28–13.95; 
P = 0.01). Concerning the downstream care, the major-
ity of patients in whom medical therapy was the recom-
mended treatment strategy following FFR

CT
 continued on 

only medical therapy at 1 year (92.9%), and when the site 
recommendation was for revascularization, the majority 
(68.9%) were revascularized.34

An innovative study introduces a  new parameter of 
dynamic CT perfusion (CTP) called stress MBF rate (SFR). 
This is defined as the ratio of hyperaemic (ATP infusion) 
MBF in an artery with stenosis to the hyperaemic MBF 
in a  non-diseased artery. Eighty-two patients were de-
rived to invasive angiography for suspected CAD. Stress 
dynamic CTP and CCTA was performed before invasive 
angiography. Out of 101 vessels with 30–90% stenosis 
on invasive angiography, FFR resulted hemodynamically 

significant (<0.80) in 47.5% of them. SFR was lower for 
invasive FFR < 0.80 lesions (0.66 vs. 0.90; P < 0.01). Com-
pared with ≥50% stenosis by computed tomography an-
giography (CTA), the specificity for detecting ischaemia 
by SFR increased from 43% to 91%, whilst the sensitivity 
decreased from 95% to 62%. The combination of stenosis 
≥50% by CTA and SFR resulted in an AUC of 0.91, which 
was significantly higher than MBF alone.35

Nuclear imaging

Nowadays, the potential survival benefit of ischaemia-
-guided early coronary revascularization in patients with 
stable coronary artery disease (CAD) is still in debate.

Patel et al. performed a  single-centre cohort study 
including 16 029 patients with suspected or known 
CAD (mean age 68.6 ± 11.9 years) who underwent a Ru-
bidium-82 (Rb82) rest-stress positron emission tomogra-
phy (PET) myocardial perfusion imaging (MPI), exclud-
ing those with LVEF < 40%. After a median follow-up of 
3.7 years, 1277 patients underwent early revasculariza-
tion (87% PCI, 13% CABG), and 2493 (15.6%) died. After 
a propensity score adjustment for potential confounders, 
a Cox model found an interaction between %ischaemia 
and early revascularization (P < 0.001 for both all-cause 
and cardiac death). They also report medical therapy sur-
vival equipoise at 5% ischaemia. This ischaemia threshold 
for survival benefit is lower than previously reported with 
single photon emission CT (SPECT) MPI.36

In a  phase-III prospective multicentric clinical study, 
the novel PET MPI tracer Fluorine-18 flurpiridaz is eval-
uated for its diagnostic efficacy detecting significant 
CAD (>50% stenosis in quantitative ICA) vs. SPECT. 755 
patients (mean age 62.3 ± 9.5 years) were included. The 
PET MPI with the novel tracer demonstrated to have su-
perior sensitivity than SPECT [71.9%, 95% CI 67.0–76.3%; 
P < 0.001 vs. 53.7% (95% CI: 48.5–58.8%)]. It was also su-
perior to SPECT for defect size (P < 0.001), image quality 
(P < 0.001), diagnostic certainty (P < 0.001), and radiation 
exposure (6.1 ± 0.4 vs. 13.4 ± 3.2 mSv; P < 0.001). This is 
a new diagnostic tool with better diagnostic performance 
comparing to SPECT, in particular for women, obese, and 
patients undergoing pharmacological stress testing.37,38

Kwiecinski et al. presented a post hoc analysis of 293 
patients with previous CAD who underwent 18-F-NaF PET. 
Of those, 203 (69%) showed increased coronary activity 
[represented by quantitative coronary microcalcification 
activity (CME)]. After a median follow-up of 42 months, 
20 patients (7%) experienced fatal or non-fatal MI. All 
of them presented previously increased coronary 18F-NaF 
activity. On an ROC analysis, MI prediction was better for 
18F-NaF CME score than coronary calcium scoring and dif-
ferent clinical risk scores. This represents a powerful and 
safe tool for the detection of coronary atherosclerotic in-
flammation.39

Another proof of improvements of imaging’s ability to 
predict events is the international multicentre study by 
Miller et al. in which they sought to determine the in-
teractions between SPECT-MPI ischaemia, high-risk non-
perfusion SPECT-MPI findings and MACE. In total, 16 578 
patients with known or suspected CAD were analysed. 
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Transient ischaemic dilation (TID) and post-stress wall 
motion abnormalities (WMA) were non-perfusion mark-
ers of ischaemia. After a median follow-up of 4.7 years, 
1842 individuals presented one event. In a  univari-
ate analysis, the authors found that patients with mild 
ischaemia (<10%) and TID were more likely to present 
MACE compared with patients without TID (adjusted HR 
1.42, P = 0.023). There were similar findings in patients 
with post-stress WMA. However, multivariable analysis 
of patients with mild ischaemia, TID (adjusted HR 1.50, 
P = 0.037), but not WMA, was independently associated 
with increased MACE.40

Heart to mediastinum (H/M) ratio measured by cardiac 
123I-metaiodobenzylguanidine (123I-mIBG) scintigraphy 
has demonstrated prognostic significance in the setting 
of chronic HF. The OPAR Registry investigators describe 
a  single-centre observational cohort study with 349 pa-
tients admitted for acute decompensated HF. 123I-MIBG 
imaging and echocardiography were performed before 
discharge. Of those 127 presented reduced EF, 78 mid-
range EF, and 144 preserved EF. After a median follow-up 
period of 2.1 (±1.4) years, 128 patients presented cardiac 
events (HF hospitalization or cardiac death). A  multi-
variable Cox analysis demonstrates that late H/M (after 
200 min of tracer) was significantly associated with car-
diac events in overall cohort (P = 0.0038), as in each EF 
subgroup (P = 0.0235 in reduced, P = 0.0119 in mid-range 
and P = 0.0311 in preserved). The authors conclude that 
H/M ratio reflects cardiac sympathetic nerve dysfunction, 
which is associated with cardiac events in acute HF pa-
tients, irrespective of EF.41

One-third of chronic HF patients who assign to CRT 
therapy based on guidelines classical eligibility criteria 
does not present benefits. Verschure et al. presented 
their results in 78 stable HF individuals with guideline-
based criteria for CRT who underwent a  cardiac 123I-
mIBG imaging before device implantation. Late H/M ratio 
was an independent predictor of LVEF improvement to 
>35% (P = 0.0014) and early H/M for LVEF improvement of 
at least 10% from basal.42

CA implies ominous prognosis for patients. Early diag-
nosis with sufficient accuracy and safety remain still chal-
lenging. Rosengren et al. published the largest study of 
CA patients (both AL and ATTR) examined with Pittsburgh 
compound (11C-PIB) PET. In this study, the diagnostic ac-
curacy of 11C-PIB PET is remarkable with high sensitivity 
(94%) and specificity (93% to 100%) for distinguishing 
CA patients from both non-amyloid hypertrophic and 
healthy controls. 11C-PIB uptake was significantly higher 
in AL-CA patients than in ATTR-CA patients (P < 0.001). In 
the study from Lee et al., they also demonstrate correla-
tion between 11C-PIB uptake and myocardial histology in 
CA. In addition, after a median follow-up of 423 days, the 
degree of myocardial 11C-PIB uptake was a  significant 
predictor of clinical outcome (death, heart transplanta-
tion, and acute decompensated HF) on multivariate Cox 
regression analysis (adjusted HR: 1.185; 95% CI 1.054–
1.332; P = 0.005).43

Roque et al. used serial 18F-fluorodeoxyglucose (FDG 
PET/CT) after 1, 6, and 12 months in 37 post-aortic or mi-
tral valve replacement patients. They obtained the stan-
dardized uptake values (SUVs) and a new proposed value 

Figure 3 18F-fluorodeoxyglucose uptake distribution patterns (visual assessment). 18F-fluorodeoxyglucose uptake in non-in-
fected prostheses (left panel), compared with an example of prosthetic valve endocarditis (right panel). Positron emission to-
mography/CTA fusion images of the valve plane (upper row), and their corresponding attenuation-corrected positron emission 
tomography images (lower row). From left to right, the characteristic inflammation patterns in order of descending frequency: 
diffuse homogeneous (93%), diffuse heterogeneous (7%), and focal/multifocal (2%). The diffuse homogeneous pattern is 
characteristic of inflammation and clearly differentiable from infection, whereas more focal. 18F-fluorodeoxyglucose uptake 
may overlap with infective endocarditis. No anatomic lesions were detected in any patient. From Roque et al.44, by permission 
of OUP on behalf of the ESC.
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denominate valve uptake index [(SUVmax − SUVmean)/
SUVmax]. Of the 111 PET/CT performed, FDG uptake was 
visually detectable in 79.3% of patients, presenting a dif-
fuse, homogeneous distribution pattern in 93%. No pa-
tient presented endocarditis during follow-up (Figure 3). 
Surprisingly, no significant differences were encountered 
in FDG distribution or uptake values between 1, 6, or 
12 months, questioning the 3-month post-surgical period 
for the assessment of prosthetic infection.44

Tam et al. presented a study of FDG PET/CT in suspect-
ed LV assist devices (LVAD) associating their single-centre 
retrospective cases between September 2015 and Febru-
ary 2018 with a  systematic review of PubMed from da-
tabase inception through March 2018 involving in total 
119 scans. Pooled sensitivity was 92% (95% CI: 82%–97%) 
and specificity was 83% (95% CI: 24%–99%) for FDG PET/
CT in diagnosing LVAD infections. The ROC curve analysis 
demonstrated an AUC of 0.94 (95% CI 0.91–0.95).45

Another infectious scenario in which nuclear imaging 
techniques play an important diagnostic role is cardiac 
device-related infected endocarditis (CDRIE). Holcman et 
al. assessed the diagnostic accuracy of the hybrid tech-
nique of SPECT CT with technetium99mhexamethylpro-
pyleneamine oxime-labelled leucocytes (99mTc-HMPAO-
SPECT/CT). In a  single-centre prospective study, 103 
patients with suspected CDRIE who underwent 99mTc-
HMPAO-SPECT/CT were included. They found that add-
ing this nuclear technique improves the sensitivity of the 
modified Duke criteria alone (87% vs. 48%, P < 0.001), 
whereas a negative scan excludes CDRIE with high prob-
ability. This yielded a  reduction in possible CDRIE diag-
noses.46

Data availability
The data underlying this article will be shared on reaso-
nable request to the corresponding author.
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Introduction

Valvular heart disease (VHD) is one of the most rapidly 
changing disciplines in cardiovascular medicine. During 
the past year, important basic research has provided new 
insight into disease mechanisms and identified new po-
tential targets for pharmacological treatment. Despite the 
unequivocal impact of COVID-19 on global research and 
management of VHD,1 the results of landmark clinical tri-
als with percutaneous devices have become available. As-
pects of adjuvant medical therapies after device implanta-
tion have also been clarified. Technical improvements in 
next-generation valvular medical devices are taking place 
in parallel, showing promising preliminary clinical results. 
As the risk related to interventional procedures and their 
consequences is becoming lower, new opportunities for 
an earlier treatment arise. The most important achieve-
ments during 2020 are summarized herein.

Epidemiological issues and risk stratification 
of valvular heart disease

Rheumatic heart disease is still a  major cause of VHD 
worldwide. In this regard, a trend towards a decrease in 
its incidence in the Americas has been reported. Between 
1990 and 2017, the burden of mortality due to rheumatic 
heart disease has decreased from 88.4 to 38.8 years of life 
lost per 100 000 population in these regions. Importantly, 
this positive trend has taken place in parallel to the re-
duction in income-related inequalities.2 In western coun-
tries, degenerative-calcific disease is the leading aetiology 
of VHD. Population-based epidemiological data from the 
multi-ethnic study of atherosclerosis (MESA) have shown 
a  direct association between mitral annular calcifica-
tion (MAC) and the risk of peripheral artery disease and 
stroke.3,4 Severe MAC progresses towards the valve leaf-
lets, leading to progressive mitral stenosis (MS). MAC-re-

Proposed framework for classifying coexisting mitral regurgitation and severe LV systolic dysfunction. This framework 
is based on ancillary analyses of randomized clinical trials and prospective validation is pending. ERO: effective regurgi-
tant orifice. EDV: end-diastolic volume. TMVr: transcatheter mitral valve repair.
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for patients with a BNP value of <50 pg/mL compared to 
those with reference levels (50–100 pg/mL). The biological 
basis of this association is uncertain, but abnormally low 
levels of BNP could express an inability of the myocar-
dium to compensate for the pressure overload by means 
of hypertrophy.

The burden of tricuspid regurgitation (TR) in the com-
munity remains poorly studied. Population data from 
the Olmsted County (Minnesota, USA) demonstrated an 
overall prevalence of moderate or severe TR of 0.55%. 
Although most cases of TR are secondary to left-heart dis-
ease, isolated TR is present in 8.1% of subjects and inde-
pendently related to mortality.9 The bases of the relation-
ship between secondary TR and left-heart diseases have 
been investigated. Interestingly, atrial fibrillation induces 
annular remodelling even in the absence of left-heart 
disease.10 In patients with heart failure and reduced EF 
(HFrEF), secondary TR is a very frequent finding. Although 
TR in HFrEF is associated with a  more severe presenta-
tion, with atrial fibrillation and pulmonary hypertension, 
it is an independent predictor of clinical outcomes.11 In 
patients with degenerative mitral regurgitation (MR), 
moderate or severe functional TR also predicts mortality, 
independently from baseline confounders.12

lated MS has recently been recognized as a major hemo-
dynamic problem and its natural history is progressively 
being better understood. A  large retrospective series of 
200 patients demonstrates that patients with MAC-relat-
ed MS are frequently symptomatic, present with a high 
burden of comorbidities and have impaired survival.5

Regarding aortic stenosis (AS), registry data from the 
nationwide Australian echocardiographic database show 
that patients with moderate disease (i.e. a pressure gradi-
ent of >20 mmHg) are at an increased risk of cardiovascu-
lar and all-cause mortality.6 This finding could be a con-
sequence of limited sensitivity of current severity criteria, 
and prospective data are required before it can be incor-
porated in recommendations for patient management. 
In this regard, levels of brain natriuretic peptides (BNPs) 
provide physicians with incremental prognostic informa-
tion in all sources of VHD but particularly AS.7 However, 
the relationship between BNP levels and risks in AS seems 
more complex than previously understood. In an ancillary 
analysis of the Placement of AoRTic TraNscathetER Valve 
Trial II (PARTNER II), the relationship between baseline 
BNP levels and 2-year all-cause and cardiovascular mortal-
ities followed a J-shaped pattern (Figure 1).8 Importantly, 
the hazard ratio for cardiovascular mortality was 2.3–4.4 

Figure 1 Nonlinear relationship between plasma BNP levels and 2-year clinical outcomes of patients in the PARTNER II trial and 
registry. Multivariable Cox proportional hazards regression using a spline function to model log-transformed baseline B-type 
natriuretic peptide as a continuous metric for (A) all-cause death; (B) cardiovascular death; and (C) non-cardiovascular death, 
at 2 years. BNP, B-type natriuretic peptide (from Chen et al.8, by permission of OUP on behalf of the ESC).
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The bacteriological profile of endocarditis is continu-
ously evolving due to population aging, increasing car-
diac instrumentation, and device implantation. A  con-
temporary European series shows that 40% of cases of 
endocarditis are now caused by infections of intracardiac 
devices and prostheses.13 Despite improvements in anti-
microbial therapies and technical advances in imaging 
and microbiological diagnosis, in-hospital mortality is still 
17%.13 Enterococcal endocarditis is health care-related in 
∼50% of cases, characteristically in elderly patients with 
concomitant degenerative valve disease and comorbidi-
ties such as chronic HF and lung disease.14 Enterococcus 
spp. are the most common microorganisms involved in 
endocarditis in TAVI (transcatheter aortic valve implanta-
tion) prostheses and are related to a considerable mortal-
ity and risk of stroke.15 However, data from the PARTNER 
trial suggest that the incidence and predictors of endo-
carditis are similar in percutaneously and surgically im-
planted aortic valve prostheses.16,17

Molecular and cellular mechanisms of valvular 
heart disease

In mitral valve prolapse syndrome, leaflet morphological 
changes take place in parallel to increased mechanical 
stress acting on the valve and the subvalvular apparatus. 
However, whether anatomical remodelling is the cause 
or consequence of abnormal valve biomechanics remains 
unclear. In an elegant ex vivo biomechanical experiment, 
normal leaflet tissue was subjected to increased mechani-
cal stresses ex vivo. As a  resultant, superimposed tissue 
proliferated on the atrial side of the mitral leaflets, dem-
onstrating that biomechanical-biological transduction 
plays a major role in mitral valve prolapse syndrome.18

Although statins have failed to slow the disease pro-
gression of established AS, the relationship between AS 
and plasma lipids remains controversial. Mendelian ran-
domization is a particularly well-suited methodology to 
test causality in this type of associations. Genetic data 
from 188  577 patients from the UK Biobank database 
were analysed for 157 genetic variants known to be as-
sociated with plasma lipid levels.19 Remarkably, the odds 
ratio per 0.98 mmol/L of LDL-cholesterol was 1.52 (95% 
CI (confidence interval) 1.22–1.90) for developing AS, 
whereas no association was observed between plasma 
levels and aortic or MR. This study strongly demonstrates 
a  causal association between lifetime exposure to high 
cholesterol levels and the risk of symptomatic AS. Identi-
fying novel metabolic pathways involved in AS is a matter 
of continuing research, and two important studies have 
been reported this year. In a murine model of AS, inhi-
bition of microRNA significantly attenuated aortic valve 
calcification and its consequences (flow acceleration, LV 
(left ventricle) hypertrophy).20 Zinc transporter molecules 
have been proven as regulators of valvular interstitial cell 
calcification in vitro.21 This finding, combined with the 
identification of a significant reduction in serum levels of 
zinc in patients with calcific AS, suggests a role of zinc me-
tabolism in early valve degeneration.21 Acquired somatic 
mutations in haematopoietic precursors are increasingly 
being reported in several chronic conditions. Patients 

with AS show an age-related prevalence of acquired so-
matic mutations in haematopoietic lineages related with 
pro-inflammatory leucocyte subsets, up to a prevalence 
of nearly 53% in >90-year-old TAVI candidates.22 Remark-
ably, identifying these somatic mutations predicted poor 
survival despite successful valve implantation. These four 
mechanistic studies open the door to potential pharma-
cological interventions at the primordial and advanced 
phases of calcific AS.18

Imaging

Ultrasound remains the cornerstone technique for guiding 
AS patient management, whereas the role of computed 
tomography (CT) and cardiac magnetic resonance (CMR) 
is rapidly increasing.24 Grading the severity of AS relies on 
peak-jet velocity, the mean pressure gradient and aortic 
valve area.25 Unfortunately, cut-off values of these three 
parameters should be reconciled, as inconsistencies are fre-
quent, particularly in patients with low-flow condition.26 In 
this regard, mean transvalvular flow rate,27 or sex-specific 
thresholds of stroke-volume index (40 mL/m2 for men and 
32 mL/m2 for women)28 may be most valuable for risk as-
sessment. Beyond these conventional indices of severity, 
additional metrics are still being proposed. The first-phase 
ejection fraction (the proportion of stroke volume ejected 
before peak-jet velocity) may be of value in unselected AS 
patients but has also shown to be related to vascular he-
modynamics.29 The sensitivity of CMR to detect and quan-
tify myocardial fibrosis can be exploited to stratify the 
impact of AS on the LV, using late gadolinium-enhance-
ment, direct T1 mapping, or estimation of the extracel-
lular volume.30–32 The relationship between fibrosis and 
outcomes has been confirmed in 100 patients undergoing 
myocardial biopsies after TAVI, demonstrating a direct re-
lationship between histological findings and mortality.33 
As bone scintigraphy is progressively being performed in 
patients with AS, the diagnosis of concomitant amyloidosis 
is increasing. Although this association is found in roughly 
13% of patients referred for TAVI, observational data sug-
gest similar benefit from intervention in AS patients with 
and without amyloidosis.34

Timing of intervention

The multicentric Korean RECOVERY randomized clinical 
trial compared early surgery vs. conservative care in 145 
asymptomatic patients with very severe AS (AVA ≤0.75 
cm2 with velocity ≥4.5 m/s  or mean transaortic gradient 
≥50 mmHg).35 With an operative mortality of zero, the 
study demonstrated a  91% reduction in cardiovascular 
death at a median follow-up of 6.2 years (hazard ratio, 
0.33; 95% CI: 0.12–0.90). These results must, however, be 
viewed with caution. The difference in mortality was pri-
marily driven by the difference in sudden cardiac deaths 
(11% vs. 0%). This rate is much higher than in other re-
ports, and 6 of the 8 deaths occurred in patients who had 
become symptomatic but did for unclear reasons never-
theless not undergo valve replacement. Thus, the results 
of ongoing trials such as the EARLY-TAVI trial and others 
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must be awaited before changing treatment strategies in 
asymptomatic patients with severe AS.

Transcatheter interventional treatment

Aortic valve stenosis
A  global registry of 867  658 interventions for AS per-
formed in the USA between 2003 and 2016 shows that 
the number of patients undergoing valve replacement is 
linearly increasing in all ranges of age with TAVI account-
ing in 2016 for >40% of the procedures.36 Unfortunately, 
results of the EAPCI-Atlas Project demonstrate that in Eu-
rope the national access to TAVI is very heterogeneous 
and closely related to national economic resources (Fig-
ure 2).23 Nevertheless, the trend towards preference of 
percutaneous over surgical strategies will continue to 
increase as long-term results of TAVI are becoming avail-
able. In a meta-analysis of four randomized controlled tri-
als (RCTs) comparing TAVI and surgical valve replacement 
in 2887 low-risk patients (mean age 75.4 years, mean 
STS score 2.3%), TAVI was associated with a significantly 
lower all-cause and cardiovascular mortality, lower rates 
of new-onset atrial fibrillation, life-threatening bleeding 
and acute kidney injury but higher rates of moderate/se-
vere paravalvular regurgitation and pacemaker implanta-
tion.37 No difference was found for major vascular com-
plication, endocarditis, aortic valve re-intervention, and 
symptom improvement. When considering to expand 
a  preference for TAVI to surgical low-risk and younger 
patients one needs, however, to take into account that 

(i) these RCTs included selected patients in particular ex-
cluding patients with bicuspid valves and with anatomic 
features increasing the risk for either procedure, (ii) data 
on long-term durability are still limited, (iii) higher rates 
of left bundle branch block, pacemaker implantation and 
more than mild aortic regurgitation (AR) have an increas-
ing impact when treating patients with longer life expec-
tancy, and (iv) options for future repeat re-interventions 
may be limited. Although recently reported 8-year data 
show a  very low incidence of structural deterioration 
(moderate 3.0%, severe 1.6%) and late failure (2.5%) of 
percutaneously implanted prostheses,38 currently avail-
able durability and re-intervention data must be viewed 
with caution considering the very high mortality in the 
studies with now available long-term data and the higher 
threshold for re-intervention in this population. Five-year 
data of patients from the intermediate-risk PARTNER 2 
trial show no difference in the incidence of death or dis-
abling stroke between the percutaneous and the surgical 
groups and comparable valve performance but confirm 
once more excess mortality in patients with more than 
mild paravalvular AR.39 A meta-analysis demonstrates the 
association of new-onset persistent left bundle branch 
block and of pacemaker implantation after TAVI with 
a  significantly worse outcome regarding heart failure 
and survival.40 In patients with bicuspid aortic valves (typi-
cally not included in RCT), observational registries using 
new generation TAVI devices show a slightly lower rate 
of procedural success, more frequent residual regurgita-
tion (2.7% vs. 2.1%, P < 0.001), but outcomes comparable 
to patients with tricuspid valves.41 Short- and long-term 

Figure 2 Relationship between gross national income and the usage of TAVI in selected countries. Data show the usage of TAVI 
per million inhabitants by gross national income per capita (2016 or least available year; from Barbato et al.23, by permission 
of OUP on behalf of the ESC).
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outcomes are related to the degree of raphe and leaflet 
calcification.42 Regarding device selection, the compari-
Son of secOnd-generation seLf-expandable vs. balloon-
expandable Valves and gEneral vs. local anaesthesia 
(SOLVE-TAVI) trial was an open-label randomized equiva-
lence clinical trial comparing new generation models of 
self-expandable and balloon-expandable transcatheter 
valves. For the composite of all-cause mortality, stroke, 
permanent pacemaker implantation, and paravalvular 
leakage (PVL) at 30 days, the two prostheses were re-
ported to be equivalent. The lower over-all mortality and 
lower PVL rate of the balloon-expandable valve were 
counterbalanced by a higher stroke rate and pacemaker 
rates were similar for both valves in this trial (Figure 3).43 
The stroke rate of 4.7% and pacemaker rate of 19% for 
the balloon-expandable valve are, however, unusually 
high and in contrast to the large volume of data available 
from RCTs and registries of this valve. Two propensity-
matched analyses of large registries looking not only at 
30-day but on average 1–2-year outcomes reported in-
deed lower pacemaker and moderate/severe PVL rates, 
as well as lower mortality and rehospitalization for heart 
failure for the balloon-expandable valve.44,45 Compared to 
these two prostheses, the Portico device delivered larger 
valve areas and lower mean gradients, but it was associ-
ated with higher rates of vascular complications and mor-
tality at 30 days.46

Mitral regurgitation
In the field of transcatheter mitral valve repair (TMVr) for 
secondary MR, new data are being helpful for reconcil-
ing the discordant results of the COAPT and the MITRA-
FR clinical trials.47 Ancillary analyses of these two clinical 
trials have suggested the utility of the proportionate vs. 
disproportionate classification of MR in patients with se-
vere LV systolic function. Patients with disproportionate 
MR would show larger effective regurgitant orifice areas, 
more eccentric regurgitant jets, less dilated ventricles, 

more frequently abnormal regional wall motion and may 
benefit most of TMVr. Patients with proportionate MR 
would have less severe regurgitation, more central jets, 
and severely and diffusedly impaired ventricles and are 
less prone to improve after TMVr (Graphical abstract).48 
The best criterion for discriminating disproportionate 
and proportionate MR would be a  regurgitant orifice/
end-diastolic volume ratio of > or <0.13–0.14 mm2/mL, re-
spectively. However, this framework must be further vali-
dated,49 as it is based on pooled secondary analyses and 
has not been confirmed when the MITRA-FR data were 
analysed in this respect.50 Although the 5-year follow-up 
is pending, intermediate-term data of the COAPT trial 
show that acute results predict improved outcomes at 2 
years.51 On the other hand, the 2-year results of MITRA-
FR confirmed no difference in all-cause mortality and 
unplanned hospitalization for heart failure.52 A planned 
individual participant data meta-analysis from both trials 
and the ongoing RESHAPE II trial will hopefully help to 
better identify those patients most likely to respond to 
secondary MR intervention.

Tricuspid regurgitation
The field of percutaneous tricuspid valve repair is evolv-
ing rapidly, as outcome data are being reported and nov-
el transcatheter devices are becoming available. Data of 
the TriValve Registry including 472 patients with mostly 
secondary TR treated with different transcatheter tech-
niques in 22 centres and control cohorts of 2 large retro-
spective registries enrolling medically managed patients 
were used for a propensity-score matched analysis (268 
pairs) that showed improved survival and a reduced rate 
of rehospitalizations in the intervention group.53 Howev-
er, we have learned from secondary MR that RCTs will be 
required to determine the effect of secondary TR treat-
ment on outcome. A  specific device for edge-to-edge 
repair of the tricuspid valve has undergone successful 
clinical testing with excellent implant success and favour-
able imaging and functional outcomes at 6 months.54 
Also, short-term data of the percutaneous annuloplasty 
approach are promising.55 As expected, pulmonary hy-
pertension (defined by an invasive systolic pulmonary 
pressure >50 mmHg) is an important predictor of poor 
outcomes in patients undergoing percutaneous tricuspid 
valve repair with the MitraClip system.56 In this popula-
tion, echocardiography shows important limitations to 
estimate pulmonary pressure. Remarkably, it is the group 
with a false negative ultrasound diagnosis of pulmonary 
hypertension that shows the poorest outcomes.56 Conse-
quently, further studies are needed to clarify the baseline 
characteristics that may be useful to predict treatment 
futility.

Prosthetic valve dysfunction
Transcatheter valve-in-valve implantation is a  feasible 
and safe option for patients in whom re-operation would 
be at high risk. In a  propensity-score matched analysis 
using the US National Readmission Database providing 
2181 pairs of high-risk patients with degenerated bio-
prosthetic aortic valves, patients undergoing transcath-
eter procedures had significantly lower 30-day morbid-
ity and mortality as well as less bleeding complications 

Figure 3 Results of the SOLVE-TAVI trial comparing 30-day 
outcomes of second-generation self-expanding and balloon-
-expanding percutaneous valves. PVL, paravalvular leakage 
(from Thiele et al.43, by permission of OUP on behalf of the 
ESC).



32	 The year in cardiovascular medicine 2020: VHD

than those undergoing surgery.57 Long-term outcomes 
of valve-in-valve procedures were analysed in the VIVID 
registry.58 Long-term survival after the procedure was di-
rectly related to the size of the original failed valve, rang-
ing from 40.5% to 33.2% at 8 years for internal diameters 
larger and smaller than 20 mm, respectively. Predictors 
for the need of re-intervention were pre-existing severe 
patient-prosthesis mismatch, valve malposition during 
the procedure, and use of the Edwards balloon-expand-
able valve.58 When the native valve is a previous percuta-
neous prosthesis, results of the Redo-TAVR Registry show 
that the valve-in-valve procedure is a safe and effective 
option, with the 1-year survival rates of 84% and 88% de-
pending on whether the re-TAVI procedure is before or 
after the first year since the original implant.59 Thus, cur-
rently available data demonstrate that valve-in-valve pro-
cedures can be performed safely with high success rate. 
However, good long-term results can only be achieved 
with reasonable hemodynamics, which may frequently 
not be achieved when the original valve is small. When 
performing valve-in-valve procedures in small failed bio-
prostheses all efforts must therefore be made to achieve 
good hemodynamics (choice of valve type and size, im-
plantation techniques including valve fracture); when 
achievement of reasonable hemodynamics is unlikely, the 
potentially resulting negative impact on outcome must 
be carefully weighed against the risk of surgery before 
deciding about the treatment modality.60

Medical therapies pre- and post-correction

Subclinical leaflet thrombosis (SLT) has been recognized 
as an important late complication of transcatheter aor-
tic bioprostheses, but its clinical implications remain un-
clear. SLT is typically diagnosed using CT as characteristic 
signs of hypo-attenuated leaflet thickening and reduced 
leaflet motion. Prospective CT sub-studies of the Evolut 
Low-Risk and the PARTNER 3 trials show that the one-
year incidence of leaflet thickening and reduced leaflet 
motion is roughly 25–30% each, similarly frequent in self-

expanding and balloon-expandable prostheses, and has 
a  small impact on valve hemodynamics.61,62 In addition, 
both studies demonstrated dynamic incidences of SLT 
including spontaneous resolution and late development 
in serial CT scans at 30 days and 1 year. Importantly, at 1 
year, the incidence of SLT among TAVI and surgical pros-
theses was similar.

For preventing thrombosis, current guidelines recom-
mend dual antiplatelet therapy for 3–6 months after TAVI 
followed by life-long single antiplatelet therapy, with no 
supporting evidence. The cohort A of the POPular (Anti-
platelet Therapy for Patients Undergoing Transcatheter 
Aortic-Valve Implantation) trial compared aspirin alone 
with aspirin plus clopidogrel in patients undergoing TAVI 
without indication of oral anticoagulation. A total of 665 
patients were 1:1 randomized to receive either aspirin or 
aspirin plus clopidogrel (for 3 months), and after 1 year of 
follow-up, the composite endpoint of bleeding or throm-
boembolic events were significantly less frequent with 
aspirin than with aspirin plus clopidogrel.63 The Global 
Study Comparing a  Rivaroxaban-based Antithrombotic 
Strategy to an Antiplatelet-based Strategy after Trans-
catheter Aortic Valve Replacement to Optimize Clinical 
Outcomes (GALILEO) clinical trial explored whether ri-
varoxaban 10 mg daily (combined with low-dose aspirin 
for the first 3 months) would be a suitable alternative to 
double antiplatelet therapy.64 The trial was prematurely 
interrupted because, after a median of 17 months, rivar-
oxaban was associated with a higher incidence of death 
(HR: 1.69, 95% CI: 1.13–2.53), of bleeding, and of the 
composite primary endpoint of death or thromboembolic 
complications than the antiplatelet-based group.64 How-
ever, in the subset of 231 patients studied by CT, rivaroxa-
ban showed a lower incidence of reduced leaflet motion 
at 90 days. This observation emphasizes the need for bet-
ter understanding the clinical implications of subclinical 
leaflet thrombosis findings.

A  different group of patients are those with a  for-
mal indication for oral anticoagulation after the TAVI 
procedure. The cohort B of the POPular TAVI Trial ran-
domized patients taking anticoagulants before the pro-

Figure 4 Algorithm for antithrombotic treatment after TAVI based on the POPULAR A and B and the GALILEO clinical trials. 
CAD, coronary artery disease; NOAC, non-vitamin K antagonist oral anticoagulant; VitK, vitamin K.
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cedure to receive or not receive additional clopidogrel 
for 3 months. Patients on oral anticoagulation alone pre-
sented with a  lower incidence of serious bleeding both 
at 1 month and 1 year (risk ratio 0.63), with a significant 
reduction in the composite endpoint of cardiovascular 
death, non-procedure-related bleeding, stroke, or myo-
cardial infarction at 12 months (risk ratio, 0.69; 95% CI for 
superiority, 0.51–0.92).65 Whether direct anticoagulants 
are a suitable alternative to vitamin-K antagonists in TAVI 
subjects is being explored in ongoing large-scale clinical 
trials, but registry data suggest a similar bleeding risk but 
higher ischaemic event rates with these drugs.66 Thus, ei-
ther single antiplatelet treatment with aspirin or oral an-
ticoagulants alone (for patients with a formal indication 
for anticoagulation) is the most suitable antithrombotic 
strategy for most patients after TAVI (Figure 4).

Beyond antithrombotic treatment, no co-adjuvant 
medical treatment is currently indicated in patients af-
ter TAVI and patients receive conventional medications 
for treating concomitant risk factors and/or heart failure 
whenever present. A recent sub-analysis of the PARTNER 
trial shows that in high- or intermediate-risk patients, 
TAVI pre-intervention with ACEIs is associated with better 
survival.67 In hypertensive patients, blood pressure needs 
to be monitored keeping in mind that target values carri-
ers of prosthetic aortic valves are higher than in the gen-
eral population.68

Regarding other medical therapies for patients with 
valvular heart disease, the Pharmacological Reduction of 
Functional, Ischaemic Mitral Regurgitation (PRIME) study 
has demonstrated that sacubitril/valsartan is more effec-
tive than valsartan in reducing the severity of functional 
MR at 12 months.69

Conclusions

In this difficult year, positive trends in epidemiological 
data of rheumatic heart disease anticipate a  potential 
reduction of the burden of VHD. Basic and clinical re-
search is providing new understanding of the basis of cal-
cific-degenerative VHD, opening the door to future new 
pharmacological interventions in early phases. The role 
of percutaneous aortic valve interventions is expanding 
worldwide as long-term results and data for low-risk pa-
tients become available. Unfortunately, large worldwide 
registries show important income inequalities in the ac-
cess to catheter procedures. Despite COVID-19 pandemic 
has radically changed health priorities worldwide, the 
global aims of the Agenda 2030 for Sustainable Develop-
ment must be encouraged, keeping in mind that VHD is 
a major cause of mortality and disability in moderate and 
low-income countries.
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Chiara Bucciarelli-Ducci3

1Department of Cardiology, University Hospital Ramon y Cajal, Carretera de Colmenar Km 9.100, 28034 Madrid; Spain; 2Department of Cardiology, Centro Hospitalar
Universitário Lisboa Norte (CHULN), CCUL, Universidade de Lisboa, Av. Prof. Egas Moniz MB 1649-028 Lisboa, Portugal; and 3Department of Cardiology, Bristol Heart
Institute, University Hospitals Bristol and Weston NHS Trust and University of Bristol, UK

Received 9 October 2020; revised 13 November 2020; editorial decision 3 December 2020; accepted 7 December 2020

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

...................................................................................................................................................................................................

* Corresponding author. Tel: þ34 913368515; Email: zamorano@secardiologia.es
Published on behalf of the European Society of Cardiology. All rights reserved. VC The Author(s) 2021. For permissions, please email: journals.permissions@oup.com.

European Heart Journal (2021) 00, 1–10 SPECIAL ARTICLE
doi:10.1093/eurheartj/ehaa1035

D
ow

nloaded from
 https://academ

ic.oup.com
/eurheartj/advance-article/doi/10.1093/eurheartj/ehaa1035/6060053 by O

U
P site access user on 12 February 2021

Special article

Reproduced from: Bueno H, Moura B, Lancellotti P, Bauersachs J. The year in cardiovascular medicine 2020: heart failure 
and cardiomyopathies. Eur Heart J. 2021 Feb 11;42(6):657-670., https://doi.org/10.1093/eurheartj/ehaa1061, by permis-
sion of Oxford University Press on behalf of the European Society of Cardiology

© The Author(s) 2021.

All rights reserved; no part of this publication may be reproduced, stored in a retrieval system, or transmitted in any 
form or by any means, electronic, mechanical, photocopying, recording, or otherwise, without prior written permis-
sion of the Publishers.

For Permissions, please email: journals.permissions@oup.com

The opinions expressed in the Journal item reproduced as this reprint are those of the authors and contributors, and 
do not necessarily reflect those of the European Society of Cardiology, the editors, the editorial board, Oxford Univer-
sity Press or the organization to which the authors are affiliated.

The mention of trade names, commercial products or organizations, and the inclusion of advertisements in this reprint 
do not imply endorsement by the Journal, the editors, the editorial board, Oxford University Press or the organization 
to which the authors are affiliated. The editors and publishers have taken all reasonable precautions to verify drug 
names and doses, the results of experimental work and clinical findings published in the Journal. The ultimate respon-
sibility for the use and dosage of drugs mentioned in this reprint and in interpretation of published material lies with 
the medical practitioner, and the editors and publisher cannot accept liability for damages arising from any error or 
omissions in the Journal or in this reprint. Please inform the editors of any errors.

Oxford University Press, OPL, and the European Society of Cardiology are not responsible or in any way liable for the 
accuracy of the reprint, for any errors, omissions, or inaccuracies, or for any consequences arising therefrom. The Czech 
Society of Cardiology is solely responsible for this reprint.



H. Bueno et al. � 39

Introduction

Heart failure (HF) prevalence remains high worldwide 
with significant sex-related and regional differences in 
its presentation, management, and outcomes. In 2020, 
advances in biomarkers and imaging techniques were re-
ported for the diagnosis and prognosis of diastolic dys-
function, HF with preserved ejection fraction or monitor-
ing cardiotoxicity; a new definition of HF with recovered 
left ventricular ejection fraction (LVEF) was released. Ben-
efits of renin–angiotensin–aldosterone system inhibitors 
and β-blockers may extend to patients with an LVEF up 
to 55%. Sacubitril–valsartan improved LV remodelling, 
biomarker levels, and rates of sudden cardiac death. Two 
studies investigating the sodium-glucose cotransporter 2 
inhibitors empagliflozin and sotagliflozin in patients with 
HF were reported: the EMPEROR-Reduced trial in patients 
with HF with reduced EF with or without type 2 diabetes 
(T2DM) demonstrated a significant reduction in cardiovas-
cular (CV) death and HF hospitalisations (HFH). In patients 
with T2DM and HF across the whole EF spectrum after 
a recent HFH, the SOLOIST trial showed a reduction in the 
primary endpoint of CV deaths, total HFH, and urgent vis-
its for HF. In addition, in patients with kidney disease with 
or without diabetes mellitus (DAPA-CKD), dapagliflozin 
prevented the deterioration of renal function. Two novel 
drugs, the activator of soluble guanylate cyclase vericiguat 
and the myosin activator omecamtiv mecarbil, in the large 
outcome trials VICTORIA and GALACTIC-HF predominant-
ly reduced HFH in high-risk patients with worsening HF. In 
the AFFIRM-AHF trial, intravenous ferric carboxymaltose 
reduced HFH in patients with iron deficiency after an HF 
decompensation.

Year 2020 will be remembered as the year of coronavi-
rus disease of 2019 (COVID-19). The pandemia caused by 
severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) has caused a massive impact on global health and 
economy. When this article is published, >80 million peo-
ple will have been infected and >1.75 million will have 
died of the disease. Many others will have died or worsen 
of their diseases, many with cardiovascular (CV) disease, as 
an indirect effect of the fear to seek assistance or the col-

lapse of healthcare systems. Yet, advances in science and 
medical care continued developing during the year. This 
article reviews important advances in the field of heart 
failure (HF) presented in 2020.

Epidemiology

More than 64 million people are living with HF in the 
world, with an estimated prevalence of 1–2% among 
adults in developed countries, most often with sev-
eral comorbidities (Figure 1 – see in Groenewegen et 
al.1).1  The incidence of HF may be stabilizing globally, 
with decreases in higher-income countries,2 but increases 
in lower-income countries, and a shift towards HF with 
preserved ejection fraction (HFpEF), and increasing due 
to population ageing and the increase in obesity.1 Age, 
traditional risk factors for HF, a sedentary lifestyle, and 
social deprivation are associated with incident HF.3 Actu-
ally, lifestyle and social determinants of health are at-
tracting more attention in the epidemiology and care 
of patients with HF.4 In patients with new-onset HF, the 
most common first events are cardiac events (36%), re-
current HF (28%), and death (29%).5

Non-traditional risk factors, such as pacemaker implan-
tation may play a role in the development of HF: within 
the first 2 years after implantation in patients without 
known HF, the incidence of fatal and non-fatal HF is 
10.6%, six times higher than for age- and gender-matched 
individuals without HF and pacemaker.6

Mortality rates of HF seem to be declining less rap-
idly than previously in the general population.1 Among 
patients with cardiac resynchronization therapy (CRT), 
a gradual decrease in sudden cardiac death risk has been 
observed since the early 2000s7 with implications for the 
role of implantable defibrillators and the design of com-
prehensive HF care models.

Significant regional differences in the management of 
acute HF have been identified, including timing and types 
of treatments used,8 and rates and time trends of readmis-
sion.2,9,10 However, the importance of distinguishing wors-
ening/chronic HF from new-onset HF in patients with first 

During year 2020, we learned new options to better stratify patients with heart failure and preserved left ventricular 
ejection fraction (HFpEF) (A), the clinical benefit of three new drugs to improve prognosis of patient with heart failure 
and reduced left ventricular ejection fraction (HFrEF): empagliflozin, vericiguat and omecamtiv mecarbil (B), the poten-
tial benefit of a broader utilization of recommended drugs for HFrEF in patients with left ventricular ejection fraction 
higher than 40% (C), and the potential added clinical benefit of a comprehensive use of recommended drugs for HFrEF 
(D) in a year marked by the severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) pandemic (central cartoon). 
Reprinted or adapted from: (A) Selvaraj et al.,23 (B) Packer et al.,115 Armstrong et al.,126 and Teerlink et al.,132 (C) Böhm et 
al.,100 (D) Vaduganathan et al.139 (Graphical Abstract – see in original.)
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to extracellular matrix regulation were abnormal in pa-
tients with HFpEF, displayed prognostic value, and were 
influenced favourably by SV in PARAGON-HF.30 In HF with 
reduced LVEF (HFrEF), absolute NT-proBNP, hs-TnT, and 
sST2 levels predict outcomes independent of age, sex, 
and LVEF category.31 Differential circulating levels of bio-
markers associated with ageing in patients with HF have 
been reported, with increasing levels of proteins associat-
ed with extracellular matrix organization, inflammatory 
processes, and tumour cell regulation and lower expres-
sion of tumour proliferation functions.32

In AHF, a specific challenge is to identify infection as 
a trigger of AHF. Procalcitonin (PCT) has emerged as an 
alternative for C-reactive protein in diagnosing bacte-
rial infection. In a recent randomized, multicentre, open 
study, a  strategy of PCT-guided initiation of antibiotic 
therapy was more effective than standard care in improv-
ing clinical outcomes.33 Omics phenotyping is likely the 
next frontier to unravel disease mechanisms and hetero-
geneity.34 As a recent example, incorporating a panel of 
three metabolite-based biomarkers into a  risk score im-
proved the prognostic utility of NT-proBNP by predicting 
long-term CV death.35

Heart failure during the COVID-19 pandemic
The role of the angiotensin-converting enzyme (ACE) re-
ceptor 2 in the infection of human cells by SARS-CoV-2 
and in the pathophysiology of COVID-19,36 and the poor 
prognosis of cardiac patients with COVID-1937 raised the 
concern of a  potential deleterious effect of the treat-
ment with ACE inhibitors and angiotensin receptor 
blockers (ARB). These drugs may either decrease acute 
lung damage, prevent angiotensin-II-mediated pulmo-
nary inflammation or increase the SARS-CoV-2 pulmo-
nary damage by the up-regulation of ACE2 receptors.38,39 
Observational studies refuted the hypothesis of a dele-
terious effect of ACEI/ARB.40–43 The BRACE CORONA trial 
found no worse outcomes in patients with COVID-19 al-
located to continuation or interruption of their chronic 
ACEI/ARB treatment (presented at the ESC Congress, 
data not published). The incidence of AHF or decompen-
sation of chronic HF among patients with COVID-19 is 
high and with poor prognosis.44 Indirect effects of the 
pandemic included the reduction in HF hospitalizations 
during local outbreaks45–47 with increases in their hospi-
tal mortality,45,47 and major challenges for the manage-
ment and follow-up of HF patients, and the conduct of 
clinical trials. Recommendations to overcome these chal-
lenges have been released.48–50

Sex and heart failure
Women account for half of patients with HF with a lower 
incidence rate until the age of 75 years, a higher propor-
tion of HFpEF, probably related to the higher prevalence 
of obesity and diabetes mellitus.1 Women with HF present 
a greater symptom burden and poorer quality of life as 
compared with men.51 Significant sex-related differences 
have been described in Europe in the management of 
acute and chronic HF8,52 including a  lower use of guide-
line-directed medical therapies—which seem to be mostly 
explained by older age and comorbidity rather than by 
sex itself—with lower crude rates of death and HF hospi-

hospitalization has been highlighted, as patients with 
worsening/chronic HF have a significantly greater comor-
bidity burden and higher adjusted risks of mortality and 
HF readmission.10,11

Clinical aspects

Diagnostics and risk stratification

Imaging
Imaging is pivotal in the diagnosis and risk stratification 
of patients with HF. The European Society of Cardiol-
ogy (ESC) Heart Failure Association (HFA) has recently 
highlighted in a position statement the central role of 
full echocardiographic examination in patients admit-
ted for acute heart failure (AHF).12 Once the patient 
is stabilized, the added value of routine cardiac mag-
netic resonance (CMR) over echocardiography alone to 
help diagnose the causes of HF not related to ischaemic 
heart disease has been questioned.13 Selective rather 
than routine CMR for identifying specific HF aetiologies 
is more cost effective. Noteworthy, CMR could serve to 
better define HFpEF phenotypes and to select patient 
specific therapies, such as MRA may be for HFpEF pa-
tients with myocardial fibrosis.14–17 The diagnosis of HF-
pEF remains challenging especially in patients with co-
existing conditions that account for dyspnoea. Diastolic 
dysfunction, left atrial enlargement, elevated left atrial 
pressure, and pulmonary hypertension are common in 
these patients.18,19 The 2016 diastolic dysfunction grad-
ing algorithm proposed by the European Association of 
Cardiovascular Imaging has shown improved prognostic 
value compared to the 2009 one.20 However, the high 
number of patients with doubtful classification ren-
ders clinical decision making challenging.21 The analy-
sis of LA mechanics, LA strain, and left ventricular (LV) 
global longitudinal strain22 allows to better classify the 
degree of diastolic dysfunction and improves individual 
risk stratification. Two algorithms (H

2
FPEF and ESC HFA-

PEFF) may facilitate HFpEF diagnosis. These two scores 
have equivalent predictive power of incident HF hospi-
talization or death among patients without a clinical di-
agnosis of HF.23 Although LV ejection fraction (LVEF) is 
key for HF classification, it remains a crude estimate of 
LV function. Intriguingly, 17% of patients with initially 
preserved LV systolic function show a decrease in LVEF 
below 40% at 6 months follow-up, which is associated 
with more cardiac events.24 Parameters of LV mechanics 
(LV strain, multilayer strain and myocardial work) pro-
vide incremental prognostic information over LVEF.22,25 
The benefit of treatment [i.e. sacubitril/valsartan (SV)] 
on LV remodelling is also better captured by LV strain.26 
Myocardial mechanics is linked to coronary microvascu-
lar dysfunction in patients with hypertensive HF.27,28 In 
AHF, cardiac sympathetic nerve dysfunction, as evalu-
ated by 123I-metaiodobenzylguanidine imaging, is associ-
ated with poor outcome irrespective of LVEF.29

Biomarkers
Biomarkers are key for diagnosis and prognostic evalua-
tion in patients with HF. Circulating biomarkers related 
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talization in women. The lack of sex-related differences 
in the clinical effect of HF therapies53,54 does not justify 
these differences, although the possibility has been sug-
gested that women with HF might benefit from treat-
ment to a higher level of LVEF than previously consid-
ered.54 A different perspective of the gender gap in HF 
is the lower proportion of female authors in HF prac-
tice guidelines and trials, ranging between 11% and 
24% only, with modest increases over time in European 
and US guidelines references but not in HF trials. Im-
portantly, HF trials with a woman first or senior author 
are associated with a higher proportion of enrolled fe-
male participants.55

Comorbidities
Comorbidities are important because they impact the 
clinical presentation, management, and outcomes of 
HF patients. The burden of comorbidities is higher in 
older patients, women and those with HFpEF,56–58 which 
are often ignored.59 Particularly relevant conditions in 
HF patients include atrial fibrillation,60 which has com-
plex interrelations with HF needing more research.61,62 
One example is the lack of increase in mortality risk as-
sociated with elevated heart rate in patients with HFrEF 
and atrial fibrillation, as compared to sinus rhythm.60,63 
Renal disease is one other, with renal function often 
changing during the course of the disease or as a  re-
sponse to HF therapies. Clinical responses, including 
worsening renal function and pseudo-worsening renal 
function, and their pathophysiological correlates, i.e. 
tubular function (diuretic response) beyond estimated 
glomerular filtration rate (eGFR), need to be under-
stood to be properly managed, adapting therapies to 
the changing situation.64,65

Specific situations

Acute heart failure
In patients with acute HFrEF, istaroxime, an inhibitor 
of the sarcolemmal Na+/K+ pump activating the SER-
CA2a pump, improved cardiac function without major 
adverse effects in a small mechanistic trial.66 Cimlanod, 
a nitroxyl donor infused over 48 h, was reasonably well 
tolerated at a lower dose whereas higher doses caused 
unacceptable hypotension. There was improvement 
of NT-proBNP but not on dyspnoea (presented at HFA 
Discoveries, data not published). A number of position 
papers have summarized the role of imaging12 or the 
management of AHF in specific situations, such as acute 
coronary syndromes67 or atrial fibrillation.68

Cardiogenic shock
While its incidence seems to be decreasing, cardio-
genic shock still conveys a high mortality risk.69 A new 
clinical classification,70 and two position papers71,72 on 
cardiogenic shock have been published this year. The 
SWEdish evaluation of left Ventricular Assist Device 
(SweVAD) will examine the impact of mechanical cir-
culatory support vs. guideline-directed medical therapy 
on survival in a population of AHF patients ineligible 
for heart transplant.73 

Peripartum cardiomyopathy
Peripartum cardiomyopathy (PPCM) is the first cause of 
HF in women during/after pregnancy.74–76 The ESC EORP 
registry on PPCM enrolled >700 women with this con-
dition from 49 countries. It showed that PPCM affects 
women from any region or ethnicity. Within 6 months 
after diagnosis, the average rates of maternal mortal-
ity, readmission, and neonatal mortality were, respec-
tively, 6%, 10%, and 5%, with marked regional varia-
tions. Recovery of LVEF occurred in 46% of women.77 
The management of these patients is reviewed in a re-
cent paper.78

HF with recovered left ventricular ejection fraction
This year, a  working definition of HF with recovered 
left ventricular ejection fraction (HFrecEF) has been 
proposed. This includes: (i) documentation of a  de-
creased LVEF < 40% at baseline; (ii) ≥10% absolute im-
provement in LVEF; and (iii) a second measurement of 
LVEF >40%.79 Reverse LV remodelling is associated with 
improved myocyte and LV chamber contractility and 
better clinical outcomes. However, a  significant pro-
portion of patients with HFrecEF develop recurrences 
of LV dysfunction and HF. Despite improvements in 
structural and functional abnormalities, many of the 
multilevel molecular changes occurring during LV re-
modelling remain dysregulated in reverse remodelled 
hearts. Therefore, guideline-directed medical and de-
vice therapy for patients with HFrecEF should be con-
tinued indefinitely with close clinical follow-up.79

HF in cancer patients
The role of CV imaging in cancer patients receiving car-
diotoxic therapies has been highlighted in a  position 
statement by the HFA12 and in the European Society 
for Medical Oncology guidelines.80 The role of focus 
echocardiography81 and CMR82 has also been recently 
discussed. In daily practice, caution should, however, 
be given if using late gadolinium enhancement or 
qualitative T2-weighted STIR imaging-only approach 
for the exclusion of checkpoint inhibitor-associated 
myocarditis.83 Imaging is cornerstone for monitoring 
cardiotoxicity and identifying subtle impairment of 
myocardial function occurring prior crossing the tra-
ditionally defined threshold of LV systolic dysfunction 
(LVEF < 50%).84,85

Right ventricular dysfunction (RVD)
RV and right atrium dysfunction contribute to HFpEF 
pathophysiology. Also, RV dysfunction (lower RV sys-
tolic velocity and RV fractional area change) and im-
pairment in RV-pulmonary artery coupling are more 
frequently found in HFpEF patients developing acute 
lung congestion with exercise.86 Activation of the en-
dothelin and adrenomedullin neurohormonal path-
ways is associated with pulmonary haemodynamic de-
rangements, reduced RV functional reserve, reduced 
cardiac output, and more severe impairment of peak 
VO

2
 in HFpEF patients.87 The most common causes of 

RVD are left-sided heart diseases (46%), pulmonary 
thromboembolic disease (18%), chronic lung disease/
hypoxia (17%), and pulmonary arterial hypertension 
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(11%). Average 1-year mortality in patients with RVD 
is high (>40%), highest among chronic lung disease pa-
tients.88 The presence of RVD at CRT implantation pre-
dicts worsening LV remodelling and survival.89

Pharmacotherapies

Angiotensin receptor–neprilysin inhibitors 
(paragon, paradigm, parallax)
Angiotensin receptor–neprilysin inhibitor (ARNI) showed, 
in a sub-analysis of PARADIGM-HF, a reduction in sudden 
cardiac death risk regardless of the use of implantable 
cardiac defibrillators.90 Reduction in ventricular volumes 
and increase in LVEF have been observed with standard 
echocardiography in patients after 6 months on SV, but 
improvement in global longitudinal strain is apparent 
after 3 months.26 In a  small cohort of patients with end 
stage renal disease, SV showed efficacy and safety.91 The 
LIFE Trial, comparing SV to valsartan in NYHA Class IV 
HFrEF patients, although prematurely interrupted be-
cause of the COVID-19 pandemia, will still provide infor-
mation about ARNI as a treatment option for advanced 
HF patients.92

The PARALLAX trial tested the efficacy of SV vs. opti-
mal individualised background therapy in HFpEF patients 
and found a  reduction in NT-proBNP from baseline to 
12 weeks but no effect on six-minute walk distance from 
baseline to 24 weeks (presented at ESC 2020—data not 

published). In the PARAGON Trial in patients with HF-
pEF, SV did not result in a lower rate of total hospitaliza-
tions for HF and death. Of the 12 pre-specified subgroup 
analyses, sex and LVEF appeared to modify the effect of 
SV vs. valsartan on the primary composite outcome. Al-
though no benefit was apparent in men, there was a sig-
nificant reduction in HF hospitalizations in women.93 Also, 
patients seemed to derive more benefit from SV when 
started early after hospitalization.94 Baseline and mean 
achieved systolic blood pressure of 120–129 mm Hg iden-
tified the lowest risk HFpEF patients, but the blood pres-
sure-lowering effects of SV did not account for its effects 
on outcomes, regardless of sex.95 Compared with valsar-
tan, SV reduced the risk of renal events and slowed the 
decline in estimated glomerular filtration rate.96 Reduc-
tion in serum uric acid was also associated with improved 
outcomes.97 A  meta-analysis assessing the efficacy of 
different renin–angiotensin–aldosterone system (RAAS) 
antagonists in clinical trials performed in HFpEF patients 
(PEP-CHF, CHARM-preserved, I-PRESERVE, TOPCAT, PAR-
AGON-HF) showed no statistical difference in all-cause 
and CV mortality among RAAS antagonists and placebo, 
but a  significantly decreased risk in HF hospitalizations 
in patients allocated to receive ARNI compared with con-
trols (OR, 0.73, 95% CI, 0.61–0.87) and ARB (OR 0.80, 95% 
CI, 0.71–0.91).98

A patient-level data analysis from the PARADIGM-HF 
and PARAGON-HF trials (SV vs. enalapril in HFrEF and 
SV vs. valsartan in HFpEF, respectively), and the CHARM-

Figure 2 Results from different trials testing a number of drugs commonly used to treat heart failure, pointing to an extended benefit 
up to a left ventricular ejection fraction of 55%. For patients with left ventricular ejection fraction >55%, a population group usually 
presenting several comorbidities, there is still no evidence of a drug improving prognosis. Reprinted from Böhm et al.100, by permission 
of OUP on behalf of the ESC.
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Alternative and CHARM-Preserved trials (candesartan vs. 
placebo) showed that, compared with RAAS inhibitors, SV 
improved outcomes across the range of LVEF, with a risk 
reduction (RR) of 0.54 [95% confidence interval (CI) 0.45–
0.65] for the recurrent primary endpoint compared with 
putative placebo (P < 0.001). Treatment benefits were ro-
bust in patients with LVEF < 60%, but not in those with 
LVEF > 60%.99 These results are in line with prior post hoc 
analyses from the TOPCAT study and β-blocker trials sug-
gesting that the cut-off of LVEF for a beneficial treatment 
effects is ∼55%. These analyses show that in the sparsely 
studied population of patients with an LVEF of 40–55%, 
several HF treatments might provide benefit (Figure 2).100

Sodium-glucose cotransporter 2 inhibitors 
(EMPEROR-Reduced, DAPA-HF, SOLOIST, VERTIS, 
SUGAR-DM-HF, EMPA-TROPISM [ATRU-4])
In patients with type 2 diabetes, the sodium-glucose co-
transporter 2 (SGLT-2) inhibitors empagliflozin and dapa-
gliflozin reduce the risk of HF hospitalization regardless 
of baseline CV risk or history of HF.101,102 In The VERTIS 
trial, ertugliflozin did neither significantly reduce CV 
events, nor the combined endpoint of CV death/HF hospi-
talization103 but reduced HF hospitalizations.104

In patients with HFrEF, DAPA-HF has demonstrated 
a significant reduction in CV mortality and HF events.105,106 
This robust effect was analysed in more detail in several 
seminal papers published in 2020. The benefit of dapa-
gliflozin was independent of the diabetes status, occur-
ring across all levels of HbA1c,107 as well as of baseline 
renal function or blood pressure, patient age, or back-
ground HF therapy.108–111 Dapagliflozin improved symp-
toms, physical function, and quality of life112 and was 
shown to be a cost-effective treatment for HFrEF in the 
UK, German, and Spanish healthcare systems.113 Dapa-
gliflozin also reduces the rate of decline in renal function 
in HFrEF patients.111 as well as in patients with chronic 
kidney disease, as shown in the DAPA-CKD trial, where 
treatment with dapagliflozin reduced the risk of wors-
ening renal function, end-stage kidney disease, or death. 
This protective effect was observed in patients with or 
without diabetes.111,114

Empagliflozin also showed marked beneficial effects in 
HFrEF patients independently from diabetes status (Fig-
ure 3 – see in Packer et al.115, Armstrong et al.126 and Teer-
link et al.132), with a significant reduction in the primary 
composite endpoint of CV death and HF events (hazard 
ratio (HR), 0.75; 95% CI, 0.65–0.86; P < 0.001), the second-
ary endpoints of total HF hospitalizations (HR, 0.70; 95% 
CI, 0.58–0.85; P < 0.001), the annual rate of decline in the 
estimated glomerular filtration rate (−0.55 vs. −2.28 mL/
min/1.73 m2 of body-surface area per year, P < 0.001), the 
risk of serious renal outcomes,115 and the risk and to-
tal number of inpatient and outpatient worsening HF 
events, which starts early after the initiation of treatment 
and remains during the duration of treatment.116 These 
beneficial effects were also observed to a similar extent 
in patients pre-treated with ARNI117 and were indepen-
dent of baseline diabetes status and across the contin-
uum of HbA1c,118 and in patients with and without CKD 
and regardless of the severity of kidney impairment at 
baseline.119

In the SUGAR-DM-HF study, empagliflozin reduced 
LV volumes measured by CV magnetic resonance in pa-
tients with HFrEF and type 2 diabetes or prediabetes.120 
The mechanistic trial EMPA-TROPISM (ATRU-4) showed 
the beneficial effect of empagliflozin in improving LV 
volumes, LV mass, LV systolic function, functional ca-
pacity, and quality of life in non-diabetic patients with 
HFrEF121 (ref). Taken the evidence together, SGLT-2 inhibi-
tors reduce all-cause and CV mortality and improve re-
nal outcomes in patients with HFrEF, supporting the role 
of dapagliflozin and empagliflozin as a new standard of 
care for patients with HFrEF.119,122

Sotagliflozin, another SGLT-2 inhibitor that displays 
also gastrointestinal SGLT-1 inhibition and thus reduces 
intestinal glucose absorption, was investigated in pa-
tients with type 2 diabetes after a recent hospitalization 
for worsening heart failure (SOLOIST-WHF). Patients were 
included independent of their ejection fraction, and 78% 
of patients had an ejection fraction <50%. The primary 
endpoint of CV death, total hospitalizations, and urgent 
visits for HF was significantly reduced in patients treated 
with sotagliflozin (HR, 0.67; 95% CI, 0.52–0.85; P < 0.001). 
The results were consistent among subgroups and espe-
cially also in patients with an EF > 50%.123 Sotagliflozin 
was also investigated in patients with type 2 diabetes, 
chronic kidney disease, and elevated CV risk (SCORED);124 
primary endpoint (changed during the study to a  com-
posite of CV death, total HF hospitalizations and urgent 
visits for HF) was significantly reduced in patients treated 
with sotagliflozin (HR, 0.67; 95% CI, 0.52–0.85; P < 0.001). 
It has to be mentioned that both sotagliflozin trials had 
to be stopped earlier than planned because of loss of 
funding from the sponsor.

Activators of soluble guanylate cyclase  
(VICTORIA, VITALITY, CAPACITY)
The activator of soluble guanylate cyclase (sGC) vericiguat 
was investigated in the VICTORIA study in 5050 pa-
tients with recently decompensated chronic HF and 
LVEF < 45%.125,126 Vericiguat significantly reduced the pri-
mary outcome of CV death or first HF hospitalisation (HR, 
0.90; 95% CI, 0.82–0.98; P = 0.02) (Figure 3 – see in Packer 
et al.115, Armstrong et al.126 and Teerlink et al.132). While 
vericiguat significantly reduced HF hospitalisations (HR, 
0.90; 95% CI, 0.81–1.00), CV deaths were not significantly 
diminished. Adverse events were largely similar among 
the vericiguat and placebo groups. An analysis compar-
ing HRs and absolute RR in three large recent HFrEF tri-
als demonstrated that while the HR suggests a  smaller 
treatment effect in VICTORIA than in the DAPA-HF and 
PARADIGM-HF trials, a  comparison of 12-month event 
rates for the primary outcome pointed to a comparable 
benefit across the three trials.127,128 Given the significant 
interaction of vericiguat effects according to baseline NT-
proBNP levels, a post hoc analysis showed an association 
of vericiguat benefit on the primary outcome in patients 
with NT-proBNP levels up to 8000 pg/mL, with greatest 
benefit in patients with NT-proBNP <4000 pg/mL (HR, 
0.77, 95% CI, 0.68–0.88).129

Vericiguat was evaluated In HFpEF patients in the VI-
TALITY trial,128 showing no benefit in quality of life and 
exercise tolerance.130 Similarly, in the CAPACITY trial, the 
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sGC stimulator praliciguat was well-tolerated but did 
neither affect the primary efficacy endpoint of pVO

2
 nor 

other predefined outcome parameters.131

Cardiac myosin activators and inhibitors
Omecamtiv mecarbil (GALACTIC-HF, EXPLORER-HCM)
Omecamtiv mecarbil, a cardiac myosin activator that en-
hances cardiomyocyte contraction, given twice daily on 
the basis of plasma levels of the drug, significantly re-
duced the primary endpoint of HF hospitalisation and CV 
death in patients with HFrEF and a recent HF event (HR, 
0.92; 95% CI, 0.86–0.99; P = 0.03) (Figure 3 – see in Packer 
et al.115, Armstrong et al.126 and Teerlink et al.132) but had 
no impact on any of the secondary outcomes (CV death, 
change in symptom score, first HF hospitalization, and 
death from any cause).132

A similar compound, danicamtiv, increased stroke vol-
ume, improved global longitudinal and circumferential 
strain, decreased LA minimal volume index, and increased 
LA function index when compared to placebo in a small 
phase 2a trial in 40 patients with stable HFrEF.133

On the other hand, mavacamten, a myosin inhibitor, 
significantly improved the combined primary endpoint 
of increase in peak oxygen consumption (pVO

2
) and re-

duction in NYHA class in a phase 3 trial in patients with 
obstructive hypertrophic cardiomyopathy. Also, outflow 
tract obstruction and health status were improved.134

Other therapies

Ferric carboxymaltose (AFFIRM-AHF)
In iron-deficient patients hospitalized for acute HF (AF-
FIRM-AHF),135 intravenous ferric carboxymaltose com-
pared to placebo was associated with a trend to reduced 
total HF hospitalizations and CV death (rate ratio 0.79, 
95% CI 0.62–1.01, P = 0.059). In a pre-specified sensitivity 
analysis considering the impact of the COVID-19 pandem-
ic, a statistically significant difference in favour of ferric 
carboxymaltose was reported for the primary endpoint 
was reported, but not in CV death risk.136

MicroRNA-132 inhibition
In a first clinical trial limited by a small number of HF pa-
tients, the antisense oligonucleotide drug directed against 
miR-132, CDR132L,137 was well tolerated and showed first 
hints for a cardiac functional improvement.138

Comprehensive disease-modifying  
pharmacological therapies
Using data from the EMPHASIS-HF, PARADIGM-HF, and 
DAPA-HF trials lifetime gains in survival have been es-
timated with comprehensive therapy (SV, β-blocker, 
MRA, and SGLT-2 inhibitor) vs. RAAS and β-blockers in 
patients with chronic HFrEF.11,139 The HR for the com-
posite endpoint of CV death or hospitalisation for HF 
was 0.38 (95% CI 0.30–0.47). Favourable results were 
also calculated for CV death alone, hospitalization 
for HF alone, and all-cause mortality. Comprehensive 
therapy could prolong overall survival 6.3 years in aver-
age in a 55-year-old patient. These results support the 
combination use of SV, β-blockers, mineralocorticoid 

receptor antagonists, and SGLT-2 inhibitors as a  new 
therapeutic standard.

Device/interventional therapies

Secondary (or functional) mitral regurgitation 
(COAPT)
Secondary (or functional) mitral regurgitation (SMR) oc-
curs frequently in HFrEF and is associated with progres-
sive symptoms and worse prognosis. If SMR is treated 
by edge-to-edge repair, patients with optimal result at 
discharge and 12-month follow-up displayed best out-
comes.140

Cardiac resynchronization therapy (STOP-CRT)
Cardiac resynchronization therapy (STOP-CRT) is an inte-
gral part of treatment in patients with HFrEF, especially 
with left bundle branch block and wide QRS. In a selected 
cohort of patients with LVEF >50% during CRT and neu-
rohormonal blockade, the STOP-CRT study investigated 
the feasibility and safety of neurohormonal blocker with-
drawal. The incidence of adverse LV remodelling or clini-
cal outcomes was low after discontinuation of betablock-
ade/RAAS inhibition. However, comorbidities prompted 
the continuation of neurohormonal blockers in many 
patients.141

In patients with HFrEF who are ineligible for CRT, baro-
reflex activation therapy (BAT) may be useful in addition 
to optimal drug therapy. In the BeAT-HF study, BAT was 
safe and significantly improved symptoms, quality of life, 
exercise capacity, and NT-proBNP.142 On the basis of these 
data, BAT was approved in the USA, while ongoing fol-
low-up in the BeAT-HF study will assess effects on hard 
outcomes.

Specific management issues

Telemedicine and remote monitoring
The role of telemedicine and remote monitoring in the 
management of HF patients is still controversial. An ob-
servational study in three European countries showed 
that pulmonary artery pressure-guided HF management 
is feasible and safe and associated with better haemo-
dynamic outcomes and clinical outcomes.143 Also, pre-
liminary results testing non-invasive remote physiological 
monitoring from a  wearable sensor showed promising 
results in the early detection of impending HF rehospi-
talisation.144 However, different modes of remote moni-
toring failed to show a benefit in improving treatment, 
quality of life,145 or clinical outcomes.146 Moreover, re-
mote monitoring with a cardiac implanted electronic de-
vice increased clinical activity for patients with HF and AF, 
with no associated reduction in mortality, and conversely, 
greater risk of CV hospitalisation amongst patients with 
persistent/permanent AF.147 In the COVID-19 era, remote 
monitoring is a useful tool for managing HF patients.148

Self-care and palliative care
Self-care is essential in the management of chronic 
HF. Practical advice for key activities and priorities for 
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self-care is given in an HFA manuscript.149 At the end of 
the HF pathway, palliative care should be introduced 
early, focusing on symptom management,150 regard-
less of prognosis, but actually only a minority in Europe 
receive it.151 Providing palliative care substantially re-
duces hospitalizations, with no clear adverse effect on 
survival.152
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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

Cardiovascular disease (CVD) prevention has been classica-
lly divided into primary (aimed to asymptomatic subjects) 
and secondary (aimed to patients who have already suffe-
red a cardiovascular event), but currently this classificati-
on is considered arbitrary given the overlap observed, for 
example in diabetic patients. Thus, prevention measures 
may be better divided into ‘prevention at the populati-
on level’ and ‘prevention strategies in subjects with high 
vascular risk’.1–3Figure 1 summarizes the role of different 
actors in the prevention of CVD.

In the current paper, we review relevant contributions to 
CVD prevention published in 2020. We have also included 
references to relevant articles related to cardio-renal syndro-
me and the common pathways of cancer and CVD, as well 
as new aspects of cardiac disease due to COVID-19 infection.

Lifestyle, behaviour, and environmental factors
Genetics
Both sex and gender have significant impact on the inci-
dence and severity of cardiovascular events.4 Compared to 

men, women disclose a higher incidence of some cardio-
vascular conditions such as heart failure with preserved 
ejection fraction5 or Takotsubo syndrome,6 but they also 
suffer from relevant differences in presenting symptoms 
of acute coronary syndrome (ACS).7,8 Perhaps, different 
treatment protocols should be applied in men and women 
to avoid the differences observed.

New advances on precision nutrition occur every year. 
Although the relevance of dietary cholesterol on health 
has been questioned in the last years,9,10 Helgadottir et 
al.11 have found that sequence variants that decrease the 
function of ABC5/8 transporters increase the absorption 
of both dietary cholesterol and phytosterols, thereby inc-
reasing the risk of coronary artery disease (CAD).

Smoking and vaping
The use of electronic cigarettes (e-cigarettes) has drama-
tically increased, especially among young generations. 
Although e-cigarettes may be useful to save smokers or 
generate new addicts, the list of toxic compounds found 
in e-cigarette vapour is large, mainly nicotine, propylene 
glycol, and glycerine.12 In fact, daily e-cigarette use has 
been associated with increased CVD morbidity and mor-

Cardiovascular disease and cancer continue to be the major causes of death worldwide and the two conditions have 
more in common than previously acknowledged. In fact, both diseases share many predisposing factors and mecha-
nisms, with a common background of low-grade inflammation. Thus, both cardiologists and oncologists should score 
both cardiovascular and cancer risk factors and develop risk reduction strategies for their patients.

Keywords Cardiovascular prevention • Lifestyle • Nutrition • Exercise • Diabetes • Hypertension • Dyslipidemia • Cardio-
renal syndrome • Cardio-oncology

Graphical Abstract 
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activity and cardiorespiratory fitness were also associated 
with lower long-term risk of CVD and all-cause mortality 
in patients with AF (HUNT study).25 Likewise, incidence of 
AF and ventricular arrhythmias was lower among those 
who were physically active and remained relative stable 
over a broad range of activity levels.26

Finally, sport may favour healthy aging.27 In this re-
spect, a controlled trial (EXAMIN AGE) of high-intensity 
interval training in aged individuals reported restoration 
of retinal microvascular dysfunction, a  clinical outcome 
associated with major adverse cardiovascular events 
(MACE), together with the reduction of other cardio-
vascular risk factors.28,29

Obesity
Association between obesity and all-cause and CVD mor-
tality follows a  J-shaped curve.30 Over two-thirds of de-
aths attributable to high body mass index (BMI) are due 
to CVD, mainly CAD,31 but the causal role of adiposity for 
other CVD outcomes remains unclear. In a Mendelian ran-
domization study, Larsson et al.32 assessed the association 
of BMI-related genetic variants with 14 cardiovascular 
conditions among 367 703 UK Biobank participants and 
reported that higher BMI was associated with increased 
risk of aortic valve stenosis, AF, ischaemic stroke and ab-
dominal aortic aneurisms.

Among diets used to lose weight,30 intermittent fas-
ting has gained increased popularity since it is purported 
to not only help reduce body weight, but also to reverse 
aging, increase lifespan, and improve several other chro-
nic conditions, albeit most evidence is preclinical.33 Con-
cerning weight loss effects, Moussa et al.34 evaluated the 
long-term effect of bariatric surgery on CVD outcomes 
in a UK nationwide nested cohort study. Occurrence of 
MACE (mainly myocardial infarction) and new HF diagno-
ses were reduced by nearly 60% in obese individuals who 
underwent the procedure compared to a matched cont-
rol group.

tality,12 and various forms of pneumonitis.13 Kuntic et al.14 
demonstrated that the e-cigarette use is associated with 
a  marked impairment in endothelium-dependent flow-
-mediated vasodilatation and an increase in pulse wave 
velocity, a  measurement of arterial stiffness. They also 
observed in mice that e-cigarette vapour raised blood 
pressure (BP) and increased superoxide production that 
reacts with nitric oxide in peripheral arteries and brain 
cortex. Thus, e-cigarettes are truly toxics and the reco-
mmendation should be to never start their use and for 
users to stop them.15

Nutrition
The most important strategy for the prevention of athe-
rosclerotic cardiovascular disease (ASCVD), heart failure 
(HF), and atrial fibrillation (AF) is to promote a healthy 
lifestyle. Mediterranean diet is considered as one of the 
most cost-effective strategies to prevent CVD,16 but indi-
vidual responsiveness to compliance with this dietary pa-
ttern may vary due to differences in metabolic responses. 
Li et al.17 identified a metabolic signature comprised of 67 
metabolites that correlated with the Mediterranean diet 
adherence screener and also predicted future CVD risk 
independent of traditional risk factors in a Spanish (PRE-
DIMED) and three US cohorts (NHS, NHSII, and HPFSP). 
Metabolomics profiling may allow stratifying individuals 
based on dietary response and disease risk, thus facilita-
ting individualized approaches to dietary interventions.

In addition to CAD, diet may affect stroke risk. Tong 
et al.18 examined the association between intake of ma-
jor foods and fibre with risk of ischaemic and haemorr-
hagic stroke in 418 329 participants in the EPIC cohort. 
For ischaemic stroke, participants with high consumpti-
on of fruit and vegetables combined, dietary fibre, milk, 
yogurt, and cheese reduced risks by 13%, 23%, 5%, 9%, 
and 12%, respectively. Interestingly, for haemorrhagic 
stroke, higher risk was only associated with higher egg 
consumption, with a 25% increase per 20 g/day.

Notably, iron overload profoundly aggravated athe-
rosclerotic damage in an APOE-deficient mouse model,19 
but iron deficiency was associated with a worse outcome 
in a cohort of 2357 patients with HF studied by van der 
Wal et al.20 Depending on the context, iron excess and 
iron deficiency may both be harmful to cardiovascular 
health.

Excessive alcohol intake always affects the cardio-
vascular system, including induction of AF and adverse 
atrial remodelling. A  randomized clinical trial (RCT) of 
continuous alcohol drinking vs. abstinence in patients 
with AF demonstrated reduced arrhythmia rates during 
a 6-month follow-up in the group assigned to abstinen-
ce,21 emphasizing the present recommendation to abstain 
from alcohol in patients with recurrent AF.

Exercise
Physical activity is associated with a dose-dependent re-
duction in all-cause and CVD mortality.22 This assertion 
was reconfirmed by a  very large study of persons with 
and without CVD.23 Physical activity should be promo-
ted in young ages, since low levels of cardiorespiratory 
fitness (and obesity) in 1 078 685 male adolescents were 
associated with later cardiovascular disabilities.24 Physical 

Figure 1 Different components involved in the lifetime genesis 
and evolution of cardiovascular risk. The three most important 
messages are: first, the need to prevent an unhealthy environ-
ment; second, the need to maintain an adequate lifestyle; and 
third, the use of appropriate pharmacotherapy when required. 
The first two have to be maintained for the lifetime, while phar-
macological treatment should be started at an earlier age than 
was recommended a few years ago.
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Other lifestyle factors
Emerging evidence has implicated sleep duration35 and de-
pression36 as risk factors for CVD. Another study of 385 292 
UK biobank participants37 reported that ∼10% CVD events 
could be attributed to disturbed sleep. By contrast, a heal-
thy sleep pattern reduced risk of CAD and stroke by 34%. 
A  position paper of the European Society of Cardiology 
(ESC) working group on coronary pathophysiology and 
microcirculation38 concluded that depression is associated 
with a 30% increased risk for future CAD events.

Low education, low income, and work stress are also 
considered as risk factors for CVD.39 In an analysis of a pro-
spective cohort of 1.6 million Danish employees, Framke 
et al.40 reported that low education was associated with 
higher risk of incident CVD and CVD mortality.

Diabetes

Over the last decade, large CVD outcome trials in pati-
ents with type-2 diabetes (T2D) have provided data on 
the efficacy of glucagon-like peptide-1 receptor agonists 
(GLP-1 RAs) and sodium glucose cotransporter 2 inhibitors 
(SGLT2i) to reduce cardio-renal events. Today’s awareness 
of the CVD continuum as a chain of pathophysiological 
events makes difficult to define risk in a  binary mann-
er using only primary and secondary prevention to drive 

management. Thus, the recent ESC guidelines on diabe-
tes/prediabetes and CVD2 recommend that patients with 
diabetes should be classified according to three levels of 
cardiovascular risk, into those at very high, high, or mo-
derate risk (Figure 2).

The four available SGLT2 inhibitors have demonstra-
ted to favourably affect a  spectrum of CVD and kidney 
outcomes. Most recently, canagliflozin in the CREDENCE 
trial significantly reduced 3-point-MACE in a diabetes po-
pulation with chronic kidney disease (CKD).41 In DECLARE 
TIMI-58 trial, dapagliflozin vs. placebo did not significant-
ly affect 3-point-MACE, possibly due to the lower-risk co-
hort recruited with ∼60% of participants with only multi-
ple risk factors without established ASCVD.42 The VERTIS 
CV trial with ertugliflozin also did not show a reduction 
in MACE, despite the fact that people with established 
ASCVD were studied.43 On the other hand, all the SGLT2 
inhibitors investigated in the different trials showed 
a  significant reduction in HF hospitalization. Most inte-
restingly, dapagliflozin in DAPA-HF44 and empagliflozin 
in EMPEROR-Reduced45 showed a reduction in the com-
bined endpoint of HF or CV death in patients with HFrEF 
with or without diabetes. A very recent meta-analysis re-
presenting the totality of CVD outcomes trial data for the 
four SGLT2 inhibitors available shows that reduction in 
risk for HF and CKD progression is the most consistent 
observation across the trials.46

Figure 2 Cardiovascular risk classification and treatment recommendation to reduce cardiovascular outcomes in patients with T2D 
according to the 2019 ESC guidelines on diabetes, pre-diabetes, and cardiovascular diseases developed in collaboration with the EASD. 
ASCVD, atherosclerotic cardiovascular disease; CKD, chronic kidney disease; HF, heart failure; green, Class I/A recommendation; RF, risk 
factor; yellow, Class IIa/C recommendation (modified from Marx N, Eur Heart J 2020. doi:10.1093/eurheartj/ehaa174, by permission of 
OUP on behalf of ESC).
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Despite using different definitions of renal endpoints, 
all SGLT2-inhibitor RCTs also showed protection again-
st progression of diabetic kidney disease. In most trials, 
these findings were secondary endpoints, but CREDENCE 
demonstrated a significant 30% reduction in the primary 
composite endpoint of CKD, doubling of serum creatini-
ne, death from kidney causes or CV death in people with 
diabetes and CKD.41

A  recent meta-analysis of RCTs concluded that also 
GLP-1 RAs lead to a significant reduction in the 3P-MA-
CE as well as the risk of CV mortality, all-cause mortality, 
fatal and nonfatal stroke and heart failure hospitalizati-
on.47 Moreover, based on data from five GLP-1 RA CVD 
outcome trials, which enrolled patients both with and wi-
thout ASCVD, there were no between-group differences 
in GLP-1 RAs benefit on 3P-MACE, indicating consistent 
protective effects in patients with established ASCVD, as 
well as in those with multiple risk factors. The results of 
these RCTs and meta-analyses support the ESC guidelines 
to prioritize the use of SGLT2i and GLP-1 RAs in patients 
with T2D at high/very high risk to prevent CVD and kid-
ney complications (Figure 2).

Of note, an analysis of the ORIGIN trial data assessing 
the relationship between body weight and CVD outcomes 
reported findings that contradict conventional wisdom 
on body weight and health outcomes.48 In patients with 
DM/prediabetes, overweight/mild obesity was associa-
ted with lower all-cause and CV mortality compared to 
those with normal weight. Also, loss of weight related to 
higher all-cause and CV mortality compared to no weight 
loss, while weight gain was neutral. Further research is 
needed to clarify if recommendations on weight manage-
ment should differentiate more clearly between modera-
te risk and patients with established ASCVD or elevated 
cardiovascular risk profiles.

Hypertension

The ESC in its 2020 publication on CVD statistics49 descri-
bed that in Europe the prevalence of major risk factors 
was higher in middle-income countries compared to high-
-income countries. In middle-income countries, the preva-
lence of hypertension was 23.8% compared with 15.7% 
in high-income countries. Prevention and control of ar-
terial hypertension has then to be particularly intensive 
in middle-income countries. However, within the high-
-income countries after the improvement in hypertension 
awareness since the 1980s and 1990s, we have assisted to 
control figure rates with a plateau in the past decade.50 
This finding is probably due to an inadequate accom-
plishment of guidelines leading to an improper manage-
ment of elevated BP that could depend on a delayed start 
of BP management.

How can we improve the control of BP and cardio-
vascular risk? Probably, risk assessment should start befo-
re age 4051 due to the importance of early life exposure 
to risk factors and development of future CVD. The age 
of onset of hypertension correlates with CVD and morta-
lity52 and the BP trajectories exhibit sex differences that 
begin early and persist with aging, allowing the setting 
for later CVD.53 Thus, an early control of BP and other 

cardiovascular risk factors, particularly cholesterol, has to 
be performed to obtain an adequate prevention of CVD 
and renal disease.

A recent publication has opened a new door to delimi-
tate the definition of normal BP to start intervention. Per-
formed with data from the Multi-Ethnic Study of Athe-
rosclerosis,54 the study55 shows that beginning at a systolic 
BP (SBP) of 90 mmHg there is a progressive increase in co-
ronary artery calcium and in ASCVD with progressing SBP. 
Hence, primordial prevention of BP elevation and other 
risk factors is necessary to improve cardiovascular preven-
tion in subjects at risk of developing hypertension.

Intervention on BP at young ages is then needed and 
it must be considered that BP values will stay within the 
range of normalcy (SBP 90–129 mmHg) preventing the 
development of arterial hypertension in individuals with 
good cardiovascular health estimated as Life’s  Simple 7 
metrics (adequate values and performance of BMI, diet, 
smoking, physical activity, BP, cholesterol, and glucose).56

Treatment and control of hypertension in 2020 re-
quires a  substantial improvement and one of the ways 
to accomplish it and thus diminish the burden of dise-
ase consists in ensuring an adequate control of BP and 
the other main cardiovascular risk factors since the early 
stages of life.

Dyslipidaemia

New guidelines for the management of dyslipidaemias 
from the ESC and the European Atherosclerosis Socie-
ty have been published in 2020.10 The treatment targets 
and goals for cardiovascular prevention defined in these 
guidelines are depicted in Table 1. The intensity of lipid-
-lowering treatment to accomplish approximate LDL-C 

Table 1 Lipid treatment targets for cardiovascular disease  
prevention54

LDL-C. In patients with very high risk in primary or secondary
prevention 
A therapeutic regimen that achieves ≥50% LDL-C reduction 
from baseline and an LDL-C goal of 1.4 mmol/L (<55 mg/dL) 
No current statin use: this is likely to require high-intensity 
LDL-lowering therapy 
Current LDL-lowering treatment: an increased treatment 
intensity is required 

High risk 
 � A therapeutic regimen that achieves ≥50% LDL-C reduction 

from baseline and an LDL-C goal of 1.8 mmol/L (<70 mg/dL) 
Moderate risk 
  A goal of <2.6 mmol/L (<100 mg/dL) 
Low risk 
  A goal of <3.0 mmol/L (<116 mg/dL) 
Non-HDL-C 
 � Non-HDL-C secondary goals are <2.2, 2.6, and 3.4 mmol/L 

(<85, 100, 130 mg/dL) for very-high-, high-, and moderate-risk 
people, respectively 

ApoB 
 � ApoB secondary goals are <65, 80, and 100 mg/dL, for very- 

-high-, high-, and moderate-risk people, respectively 
Triglycerides 
 � No goal, but <1.7 mmol/L (<150 mg/dL) indicates lower risk and 

higher levels indicate a need to look for other risk factors 
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targets relies on the use of moderate-intensity statin to 
reduce LDL-C by 30%, high-intensity statin (50% reduc-
tion), high-intensity statin plus ezetimibe (65% reduc-
tion), PCSK9 inhibitors (60% reduction), PCSK9 inhibitors 
plus high-intensity statin (75% reduction), and PCSK9 
plus high-intensity statin plus ezetimibe (85% reduc-
tion).

The REDUCE-IT trial57 has demonstrated profound re-
ductions in first and total CVD events in patients treated 
with statins and well-controlled LDL-C presenting with 
elevated triglyceride levels with the administration of 4 g 
daily of icosapent ethyl. These findings should substan-
tially change the management of patients with diabetes 
and/or metabolic syndrome presenting with hypertryg-
liceridemia whose lipid phenotype needs treatment be-
yond isolated LDL-C.58

Recently, a class of lipids termed ceramides has been 
demonstrated to be indices of cardiometabolic health.59 
The ceramide-based scores are simple and practical to 
be used in clinical practice to identify at-risk patients. In 
addition, new drugs to treat elevated LDL-C have been 
described60,61 and soon will become part of the armamen-
tarium. One of them is inclisiran, an inhibitor of hepatic 
synthesis of proprotein convertase subtilisin type 9 that 
reduces LDL-C by ∼50% with subcutaneous administrati-
on every 6 months. Another is evinacumab, a monoclonal 
antibody against ANGPTL3 (Angiopoietin-like 3) that has 
been tested in homozygous familial hypercholesterolae-
mia with good results.

Cardio-renal syndrome

There is a clear linkage between cardiovascular and renal 
diseases characterized by an elevated prevalence of CVD 
in patients with CKD, and viceversa. Accordingly, RCTs ad-
dressing new therapies with the capacity to improve CVD 
outcomes in patients with CKD are needed.62 Acute kid-
ney injury, defined as an abrupt increase in serum creati-
nine, a fall in urinary volume, or both, is also a situation 
with relevant cardiovascular consequences mediated by 
cardiac inflammation and cellular apoptosis and necrosis 
rapidly developing and followed by cardiac fibrosis lea-
ding to CVD events, in particular HF.63 Like in the case of 
CKD trials new studies aimed to find therapies improving 
CVD and renal outcomes in acute kidney injury are requi-
red.

Usually patients are diagnosed as having CKD when 
they present with albuminuria and/or an estimated Glo-
merular filtration rate [GFR (eGFR)] <60 mL/min/1.73 m2. 
Detection of patients developing CKD before albumin-
uria develops or eGFR falls (early renal damage) actually 
is not clearly defined albeit some data indicate that cer-
tain interventions like control of adolescent hypertension 
can impede the future development of kidney failure.64

On the other hand, the clinical diagnosis of progressive 
CKD is usually based on the evolution of eGFR and the 
variation in albuminuria and it is accepted that actual ma-
nagement for cardiovascular protection translates into 
renal protection,65 albeit CVD events, in particular HF, re-
quiring hospitalization are associated with kidney failure 
independent of kidney risk factors.66

The use of new antidiabetic drugs sodium glucose co-
transporter 2 and inhibitors of glucagon-like peptide-1 
in patients with diabetes and CKD has provided evidence 
of simultaneous cardio-renal protection.67 The results of 
similar trials using finerenone, a non-steroidal mineralo-
corticoid receptor antagonist, will be published soon.68

COVID-19 and cardiovascular disease

The novel coronavirus disease (COVID-19) caused by Se-
vere Acute Respiratory Syndrome Coronavirus 2 (SARS-
-CoV-2) initiated at the end of 2019. COVID-19 was shown 
initially to affect the lungs, causing interstitial pneumoni-
tis and severe acute respiratory distress syndrome. Later 
it was observed that it also affects multiple organs, inclu-
ding the cardiovascular system. Advanced age and male 
sex are accompanied by severe infection and mortality 
that is promoted by accompanying comorbidities, parti-
cularly CVD, hypertension, diabetes, obesity, CKD, chronic 
pulmonary disease, and cancer.69,70 Ultimately, a  severe 
prognosis is the consequence of endothelial dysfunction 
and COVID-19 is finally considered an endotheliopathy.71

While waiting for adequate vaccines to prevent CO-
VID-19 and specific medications counteracting the SARS-
-CoV-2, an array of medications, amply reviewed by 
Guzik et al.,72 has been considered for the treatment of 
COVID-19 patients with variable effects. It has been esta-
blished that the use of renin–angiotensin–aldosterone 
antagonists for the treatment of hypertension and/or he-
art diseases could be beneficial for COVID-1973 as well as 
the use of anticoagulant therapy needed to diminish the 
risk of pulmonary embolism.74

Cancer and cardiovascular disease

CVD and cancer continue to be the leading causes of de-
ath worldwide. Interestingly, CVD and cancer share com-
mon pathways75,76 and, in addition, an increasing number 
of cancer patients—successfully treated—show an increa-
sing incidence of CVD mortality77 and CVD events such as 
HF,78 ACS,79 and arrhythmias.80

Future perspectives in preventive cardiology

Probably in the next years, new advances on precision 
medicine will appear with the help of more useful gene-
tic tests and better characterization patients according to 
their metabolomic profile.

Summary and conclusions

The current article summarizes relevant advances on CVD 
prevention in 2020.

We have highlighted the need for different protocols 
for men and women because of differences in presenting 
symptoms of ACS among sex, the truly toxic effects of e-
-cigarettes, and the usefulness of intermittent fasting to 
reduce body weight, improve several chronic conditions 
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and reverse aging. Four available SGLT2 inhibitors have 
demonstrated favourable effects on CVD and kidney out-
comes. We have also underlined that CVD risk assessment 
should be started before age 40 given the importance 
of early life exposure to risk factors and development of 
future CVD events and that new treatment targets and 
goals have been defined in the new guidelines for the 
management of dyslipidaemias.

Finally, despite the striking consequences of COVID-19 
pandemia, prevention of most prevalent and relevant 
chronic diseases worldwide, CVD and cancer, should con-
tinue to be promoted by all actors (governments, scien-
tific societies and mass media) at both population and 
individual levels. In this setting, an adequate and joint 
prevention program should be useful to fight both CVD 
and cancer. Let us get going!
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Introduction

Advancements in acute cardiac care have significantly 
contributed to prolonging life expectancy and improving 
quality of care. Acute cardiac care is an area of intense ba-
sic, translational, and clinical research. In particular, acute 
coronary syndrome (ACS) is one of the most frequent clini-
cal presentations requiring acute cardiac care. Despite im-
provements in primary prevention, the incidence of ACS 
and its associated mortality and morbidity remains high, 
with an immense impact on patients and healthcare sys-
tems. This review presents the most relevant publications 
in 2020 that are likely to impact on the clinical manage-
ment of patients presenting with ACS requiring intensive 
cardiac care.

Epidemiology of acute coronary syndromes

Identification of the association between risk factors and 
coronary heart disease allowed the implementation of 
preventive strategies. Poor control of modifiable risk fac-
tors is responsible for a large proportion of mortality and 

morbidity worldwide. The impact of risk factor modifica-
tion was highlighted in a population analysis of 6518 men 
from the Seven Countries Study, in which participants 
were assessed over a 50-year follow-up.1 Country cohorts 
showing long-term decreases in risk factors had a consis-
tent decrease of coronary heart disease mortality during 
follow-up. In contrast, among participants whose risk fac-
tors increased, hazard rates also increased.1 In a study of 
the MONICA population-based registries, all incidences of 
ACS in men and women aged 35–74 were recorded be-
tween 2006 and 2014.2 Although event rates, incidence, 
and mortality all showed significant reductions, these 
were seen primarily in the 65–74 year age group, and the-
re were no substantial declines in younger people except 
for mortality in young women, possibly brought about by 
reductions in smoking.

Racial disparities were explored in an observational co-
hort analysis of data from the multicentre National Car-
diovascular Data Registry chest pain-MI Registry, which 
included 753 hospitals and 155 397 patients with acute 
myocardial infarction (MI).3 Risk-adjusted 30-day read-
mission rates were higher in African-American patients, 
who had a higher prevalence of diabetes, hypertension, 

Highlights of 2020 publications on acute cardiac care–acute coronary syndromes. The statements in this figure are 
based on individual published articles and do not represent any kind of recommendation. ACS, acute coronary syn-
drome; CABG, coronary artery bypass grafting; COVID-19, coronavirus disease 19; DAPT, dual antiplatelet therapy; FFR, 
fractional flow reserve; I/R, ischaemia–reperfusion; IRA, infarct-related artery; MI, myocardial infarction; MINOCA, myo-
cardial infarction with non-obstructive coronary arteries; MVD, multivessel disease; MVO, microvascular obstruction; 
NSTE-ACS, non-ST segment elevation acute coronary syndrome; PCI, percutaneous coronary intervention; SARS-CoV-2, 
severe acute respiratory syndrome coronavirus 2; SCAD, spontaneous coronary artery dissection; STEMI, ST-segment 
elevation myocardial infarction; 4UDMI, fourth universal definition of myocardial infarction. Numbers correspond to 
the references in the text.
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of modifiable cardiac risk factors, with special attention 
to addressing sex and racial differences in the manage-
ment and outcomes in ACS.

Management of non-ST segment elevation 
acute coronary syndrome

Diagnosis
Acute chest pain is one of the frequent reasons for 
attending the emergency department, and rapid dia-
gnosis is vital.9,10 The update of the Universal definition 
of MI (UDMI) has been shown to have prognostic value. 
Application of the fourth UDMI led to reclassification of 
30% of 2302 patients presenting to the emergency de-
partment, mostly from type II MI to acute myocardial 
injury, and from type I MI to chronic myocardial inju-
ry.11 Importantly, reclassified patients had significantly 
higher rates of subsequent cardiovascular events. In a 
stepped-wedge cluster trial in 48 282 consecutive pati-
ents, high-sensitivity cardiac troponin (hs-cTn) and the 
fourth UDMI identified patients at risk of cardiovascu-
lar or non-cardiovascular events but was not associated 
with improved outcomes.12 Optimal management strate-
gies and how to improve outcomes remain unknown for 
patients with type II MI.13,14

heart failure, bleeding risk, stroke, and peripheral arte-
rial disease. These findings speak to the need for a more 
personalized consideration of genotypic and phenotypic 
differences in ACS.

Substantial progress has been made towards improv-
ing sex-specific ACS management.4 The incidence of acute 
MI has declined in the last 20 years; however, declines 
in MI admission have slowed in women compared with 
men.5 When hospitalized, women tend to be older and 
more deprived, and have a greater co-morbidity burden. 
Although more frequently managed with guideline-rec-
ommended therapy pre-admission, women less frequent-
ly receive coronary angiography and/or percutaneous 
coronary intervention (PCI) and are less comprehensively 
treated with evidence-based therapies post-MI.6,7 An ap-
parent paradox was revealed in the Prospective Urban 
Rural Epidemiological (PURE) study, which recruited 202 
072 individuals aged 35–70 from 27 countries: although 
women less frequently received secondary prevention 
treatment, cardiac investigations, and coronary revas-
cularization, they had lower 30-day mortality than men 
after a new cardiovascular event.8 Sex differences in ACS 
pathophysiology, presentation, and outcomes are pre-
sented in Figure 1.

Overall, data published in 2020 illustrate that more re-
fined strategies are needed to further reduce the burden 

Figure 1 Sex differences in pathophysiology, presentation, and outcomes of acute coronary syndromes. ACS, acute coronary syndrome; 
CABG, coronary artery bypass grafting; PCI, percutaneous coronary intervention; SCAD, spontaneous coronary artery dissection; STEMI, 
ST-elevation myocardial infarction. Reprinted from Haider et al.4, by permission of OUP on behalf of the ESC.
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Special populations
Management of special subpopulations, such as the el-
derly or those with cancer, is challenging. It is increasing-
ly recognized that invasive intervention also benefits the 
elderly population. In a study of 1976 NSTE-ACS patients 
>80 years, the adjusted cumulative 5-year mortality was 
35% for those managed with invasive intervention vs. 
55% for those managed with non-invasive interventi-
on.15 A database analysis of 6 563 255 acute MI patients 
examined the effects of cancer on intervention and out-
comes.16 Marked differences were noted, with 43.9% of 
cancer-free patients undergoing PCI, compared with 21% 
with patients with lung cancer, which had the highest in-
-hospital mortality. Irrespective of cancer type, metasta-
tic disease was associated with worse outcomes, whereas 
historical cancer had no impact on survival. Diagnosis of 
active cancer is associated with conservative management 
and worse outcomes; however, as these parameters vary 
significantly according to the type and extent of disease, 
an individualized approach is recommended (Figure 2).

Impact of bleeding
Historical data from the SWEDEHEART study demonstra-
ted that although the introduction of antithrombotic 
therapies increased bleeding events during the first year 
following MI, this was accompanied by a substantially 
greater reduction in ischaemic events and an increased 
survival.17 In contrast, analysis of a harmonized dataset 
from four multicentre randomized controlled trials (RCTs) 
comprising 45 011 participants found that post-discharge 
bleeding after an ACS was associated with a similar inc-
rease in subsequent all-cause mortality and had a similar 
prognostic impact to post-discharge MI.18 These appa-

rently conflicting data suggest that antithrombotic the-
rapy overall has a clear benefit but bleeding identifies a 
population at higher risk of mortality.

Management of ST-segment elevation myocardial 
infarction
One of the most rapidly advancing areas of cardiology is 
STEMI. Since the 2017 ESC STEMI guidelines, important 
data with implications for patient management have 
continued to appear, and 2020 is a particularly prolific 
year in this regard.

Reperfusion strategies
The landmark DANAMI-2 and PRAGUE-2 trials demon-
strated that transfer to the catheterization lab was supe-
rior to immediate fibrinolysis.19 2020 saw the publication 
of the very long-term follow-up of the DANAMI-2 RCT.20 
After 16 years of follow-up, the composite of death or 
MI remained significantly lower in patients transferred 
to PCI than in those undergoing on-site fibrinolysis. This 
is the first time that primary PCI has been shown to be 
associated with lower cardiac mortality than stand-alo-
ne fibrinolysis in a trial. The routine performance of an-
giography within 24 h after fibrinolysis has significantly 
reduced the rates of re-MI and future coronary revascu-
larizations. Indeed, in the STREAM trial, which compared 
transfer to PCI vs. onsite fibrinolysis followed by routine 
angiography, cardiac mortality at 1 year was similar for 
both treatment strategies.19 A new analysis of 2942 pa-
tients from the French FAST-MI registry found that the 
5-year survival was lower in patients undergoing late PCI 
(>120 min) than in those undergoing timely PCI (within 
120 min of diagnosis) or immediate fibrinolysis.21

Figure 2 Management and outcomes of myocardial infarction patients with cancer. Reprinted from Bharadwaj et al.16, by permission 
of OUP on behalf of the ESC.
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Triage of patients to the appropriate reperfusion 
strategy requires the presence of well-trained healthcare 
providers on the scene and the integration of emergency 
medical services within an organized network. The cre-
ation of pan-European registries is critical to the acquisi-
tion of continuous information in this regard.22 Clinical 
guidelines recommend regular monitoring and feedback 
in order to maintain a high quality of care, but there are 
few quantifiable data supporting this strategy. In a re-
cent paper, the prospective, multicentre FITT-STEMI study 
assessed the long-term impact of formalized data assess-
ment and systematic feedback on performance and mor-
tality.23 Over its 10-year evaluation, FITT-STEMI recorded 
significant improvement in all performance quality in-
dicators used for feedback, and this feedback-informed 
continuous improvement in key quality indicators was 
linked to a significant reduction in mortality.23

Vascular access during primary percutaneous 
coronary intervention
The superiority of radial over femoral access seemed to 
be set in stone, and yet a recent RCT has shown intriguing 
results. The SAFARI-STEMI was a multicentre, open-label, 
RCT with blinded endpoint adjudication undertaken over 
7 years (2011–2018) at five high-volume PCI centres in Ca-
nada.24 STEMI patients were randomized 1:1 to radial vs. 
femoral access. The trial was stopped after enrolment of 
2292 patients (47% of the original sample size) on the 
grounds of futility. In the trial, 30-day all-cause mortality 
was 1.5% vs. 1.3% in the radial and femoral access groups, 
respectively (P = 0.69). Intriguingly, bleeding outcomes 
(which were very few) did not differ between groups. It 
should be noted that a vascular closure device was used in 
68% of patients assigned to femoral access. Whereas the 
SAFARI-STEMI trial assessed highly selected centres and 
operators, the pivotal MATRIX trial25 was closer to the 

real-world clinical care, with 78 centres of different volu-
mes in four countries. Therefore, while the SAFARI-STEMI 
trial shows that femoral access performed by operators 
experienced in the use of closure devices is a good alter-
native to radial access, these data should not modify the 
recommendation for radial access as the default vascular 
access route, as recommended in ESC guidelines.10,26

Management of non-culprit lesions

Clinical benefits of complete revascularization
Multivessel disease (MVD) is present in >50% of STEMI 
patients. Five major trials (Figure 3) published in recent 
years changed the therapeutic approach to severe steno-
sis in the non-infarct-related artery (IRA). The 2017 ESC 
STEMI guidelines introduced a major change, recommen-
ding that non-IRA preventive PCI should be considered 
before hospital discharge. Since then, this topic has been 
the subject of the large COMPLETE trial27 and several 
meta-analyses. Two meta-analyses from 202028,29 clearly 
demonstrate that non-IRA preventive PCI, performed wi-
thin weeks of the index STEMI, is associated with lower 
cardiovascular mortality. A pre-specified subanalysis of 
the COMPLETE trial concluded that complete revascula-
rization reduced major cardiovascular outcomes to a gre-
ater extent in patients with more severe stenosis [≥60% 
on quantitative coronary angiography (QCA)].30 A similar 
finding was recently reported after analysis of data from 
the Compare-acute trial.31 The authors related events in 
patients allocated to medical treatment (IRA-only PCI) to 
the fractional flow reserve (FFR). Non-IRAs that required 
subsequent revascularization had a lower FFR than those 
without events. Increased risk of major adverse cardio-
vascular events (MACE) was significantly higher for lesi-
ons with FFR below 0.80.31

Figure 3 Major trials testing the clinical benefit of complete revascularization in STEMI patients with multivessel disease. IRA,  
infarct-related artery; PCI, percutaneous coronary intervention; Revasc, revascularization. * Before hospital discharge.
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risk of major adverse cardiovascular events (MACE) was significantly
higher for lesions with FFR below 0.80.31

How to identify non-IRA severe lesions
benefiting from PCI
There is no consensus about which method is more suitable for cata-
loguing a non-IRA as a candidate for preventive PCI in STEMI patients
[angiography (visual inspection), FFR, or FFR after intermediate
lesions on angiography]. Two recent studies intriguingly suggested
that angiography-guided but not FFR-guided non-IRA PCI is associ-
ated with reduced major adverse events in STEMI patients with
MVD.32,33 Wald et al. performed a meta-analysis of 10 RCTs (3031
patients in total) and assessed outcomes in patients with complete
revascularization vs. IRA-only PCI according to whether the decision
to carry out non-IRA preventive PCI was based on angiography alone
or on angiography plus FFR.32 The authors concluded that preventive
PCI of the non-IRA was associated with a significant reduction in car-
diac death and non-fatal MI only when the decision to proceed with
non-IRA PCI was based solely on angiography (Figure 4).32 Similar
findings were reported in an independent study by Gallone et al.33

Here, the authors conducted an independent meta-analysis of seven
RCTs, including a total of 6597 patients. The patients were stratified
according to the strategy used to guide PCI of non-IRA lesions in the
complete revascularization arm: angiography-guided (>_70% diameter
stenosis) vs. FFR-guided (<_0.80 for lesions with <_90% diameter sten-
osis). The authors found that angiography-guided but not FFR-guided
complete revascularization was associated with less recurrent MI.33

Conversely, both strategies were associated with fewer repeat

revascularizations.33 None of these studies evaluated the specific
question on an ad hoc basis,34 and these data should therefore be
interpreted with caution; nevertheless, these two independent meta-
analyses suggest that in STEMI patients with angiography-confirmed
severe stenosis in a non-IRA, PCI should be performed regardless of
the FFR result.

Ischaemia vs. vulnerable characteristics
of non-IRA lesions
The accuracy of FFR to defer preventive PCI in arteries with severe
angiography-detected stenosis has been questioned for patients with
ACS. On one hand, coronary physiology in ACS might vary from that
in stable patients, while, on the other hand, intermediate lesions with
negative FFR in ACS patients might have vulnerable features that
make them more prone to future rupture. Indeed, in a recently pub-
lished study including data from 12 844 ACS patients from the
TRITON-TIMI 38 study, spontaneous events in non-culprit lesions
predominated 30 days after the index event.35 Enlightening results
from the Optical Coherence Tomography substudy of the
COMPLETE trial show that 50% of assessed patients had at least one
lesion in a non-IRA with features of a complex vulnerable plaque.36

In summary, a significant amount of data published in 2020 has
increased our understanding of the implications of severe non-IRA
lesions in STEMI patients and the best way to deal with them. Severe
lesions on angiography seem to benefit from PCI without further FFR
inspection. A more comprehensive description of the topic can be
found in a major review recently published in the journal.37

Figure 3 Major trials testing the clinical benefit of complete revascularization in STEMI patients with multivessel disease. IRA, infarct-related artery;
PCI, percutaneous coronary intervention; Revasc, revascularization. *Before hospital discharge.
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How to identify non-IRA severe lesions  
benefiting from PCI
There is no consensus about which method is more suita-
ble for cataloguing a non-IRA as a candidate for preven-
tive PCI in STEMI patients [angiography (visual inspection), 
FFR, or FFR after intermediate lesions on angiography]. 
Two recent studies intriguingly suggested that angiogra-
phy-guided but not FFR-guided non-IRA PCI is associated 
with reduced major adverse events in STEMI patients 
with MVD.32,33 Wald et al. performed a meta-analysis of 
10 RCTs (3031 patients in total) and assessed outcomes in 
patients with complete revascularization vs. IRA-only PCI 
according to whether the decision to carry out non-IRA 
preventive PCI was based on angiography alone or on an-
giography plus FFR.32 The authors concluded that preven-
tive PCI of the non-IRA was associated with a significant 
reduction in cardiac death and non-fatal MI only when 
the decision to proceed with non-IRA PCI was based solely 
on angiography (Figure 4).32 Similar findings were repor-
ted in an independent study by Gallone et al.33 Here, the 
authors conducted an independent meta-analysis of se-
ven RCTs, including a total of 6597 patients. The patients 
were stratified according to the strategy used to guide 
PCI of non-IRA lesions in the complete revascularization 
arm: angiography-guided (≥70% diameter stenosis) vs. 
FFR-guided (≤0.80 for lesions with ≤90% diameter steno-
sis). The authors found that angiography-guided but not 
FFR-guided complete revascularization was associated 
with less recurrent MI.33 Conversely, both strategies were 
associated with fewer repeat revascularizations.33 None 
of these studies evaluated the specific question on an ad 

hoc basis,34 and these data should therefore be interpre-
ted with caution; nevertheless, these two independent 
meta-analyses suggest that in STEMI patients with angio-
graphy-confirmed severe stenosis in a non-IRA, PCI should 
be performed regardless of the FFR result.

Ischaemia vs. vulnerable characteristics  
of non-IRA lesions
The accuracy of FFR to defer preventive PCI in arteries 
with severe angiography-detected stenosis has been 
questioned for patients with ACS. On one hand, coronary 
physiology in ACS might vary from that in stable patients, 
while, on the other hand, intermediate lesions with nega-
tive FFR in ACS patients might have vulnerable features 
that make them more prone to future rupture. Indeed, 
in a recently published study including data from 12 844 
ACS patients from the TRITON-TIMI 38 study, spontane-
ous events in non-culprit lesions predominated 30 days 
after the index event.35 Enlightening results from the Op-
tical Coherence Tomography substudy of the COMPLETE 
trial show that 50% of assessed patients had at least one 
lesion in a non-IRA with features of a complex vulnerable 
plaque.36

In summary, a significant amount of data published in 
2020 has increased our understanding of the implications 
of severe non-IRA lesions in STEMI patients and the best 
way to deal with them. Severe lesions on angiography 
seem to benefit from PCI without further FFR inspection. 
A more comprehensive description of the topic can be 
found in a major review recently published in the jour-
nal.37

Figure 4 Role of fractional flow reserve in the assessment of non-infarct-related arteries with angiographic stenosis >50%. AVI, angio-
graphic visual inspection; FFR, fractional flow reserve. Reprinted from Wald et al.32, by permission of OUP on behalf of the ESC.
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Cardioprotection during STEMI
During ischaemia, necrosis progresses from the endocar-
dium to the epicardium. A new cardiac magnetic reso-
nance (CMR) clinical study this year demonstrated that 
the wave front of necrosis progression moves in both 
transmural and lateral directions (Figure 5 – see in Lobo-
-Gonzalez et al.44 and Lorca et al.38). These data have im-
portant implications because cardioprotective strategies 
can salvage myocardium transmurally and laterally, po-
tentially having a strong benefit in terms of global systo-
lic function. Final infarct size is the result of several inter-
connected mechanisms.39 There is growing evidence that 
these mechanisms are modified by ageing,40 making the 
identification of therapeutic targets more challenging.

In >50% of patients, efficient myocardial perfusion 
is not achieved despite the unblocking of the epicardial 
coronary artery, and this is mostly due to severe microvas-
cular obstruction (MVO).41 Several interventions target-
ing MVO have been tested in experimental and clinical 

studies.39 Among them, one of the strategies with more 
encouraging results is the early administration of the 
β1-selective blocker metoprolol.42 Metoprolol injection 
in patients undergoing primary PCI is associated with 
less CMR-measured MVO.42 A very recent experimental 
study demonstrated that this cardioprotective ability is 
not shared by other beta-blockers. Metoprolol, but not 
the other beta-blockers tested, reduces infarct size by 
stunning neutrophils during reperfusion, resulting in 
less MVO.43 In silico modelling suggests that metoprolol 
induces a differential conformational change in the β1-
adrenergic receptor that seems to trigger a biased ago-
nistic effect (Figure 6).43 In addition to reducing reperfu-
sion injury, i.v. administration of metoprolol early in the 
course of ongoing MI is able to blunt the time-dependent 
progression of infarct size in a large animal model44 (Fig-
ure 5). Reduced MVO was also the focus of a substudy of 
the small MRUSMI trial; 100 STEMI patients were random-
ized 1:1 to control or the novel intervention sonothrom-

Figure 6 Metoprolol exerts a non-class effect against ischaemia–reperfusion injury by abrogating exacerbated inflammation. The car-
dioprotective properties of metoprolol derive from its particular ability to target neutrophils and reduce ischaemia–reperfusion injury. 
Atenolol and propranolol have no effect on this cell population or on infarct size. Conformational changes in the β1AR upon binding 
to metoprolol differ significantly from those induced by atenolol and propranolol, and this difference may underlie the neutrophil-
-stunning action of metoprolol. Reprinted from Clemente-Moragon et al.43, by permission of OUP on behalf of the ESC.
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bolysis (high mechanical index impulses from a diagnostic 
ultrasound transducer during an i.v. microbubble infu-
sion). The primary report had already shown an associa-
tion of sonothrombolysis with a smaller infarct size.45 The 
new substudy shows that sonothrombolysis protected 
against MVO and improved global longitudinal strain in 
patients with an occluded artery on initial angiography.46

Reducing time to treatment is a central tenet of acute 
MI management that aims to limit mortality, infarct size, 
and the development of heart failure.47 Following the 
pilot STEMI-DTU study, which suggested a role for left 
ventricular (LV) unloading in limiting infarct size,48 a se-
ries of mechanistic studies in a pre-clinical pig model have 
examined LV unloading prior to revascularization. This 
analysis demonstrated that transvalve unloading [not 
extracorporeal membrane oxygenation (ECMO)] limits 
myocardial injury before reperfusion, reduces infarct size, 
and preserves myocardial energy substrate levels and mi-
tochondrial structure and function in the infarct zone. 
While these findings need confirming in patient cohorts 
with clinical endpoints, they provide novel insights into 
ischaemia–reperfusion and serve as a salutary reminder 
that not all mechanical circulatory support devices are the 
same (see section below).

The cardioprotective strategy includes measures to 
reduce malignant arrhythmias during the acute phase 
of STEMI. The incidence of severe ventricular arrhyth-
mia during STEMI is reduced by early i.v. administration 
of beta-blockers,49 an effect mediated by epinephrine 
blockade not only in cardiomyocytes but also in cardiac-
resident macrophages.50 However, in some patients, ma-
lignant arrhythmias occur despite beta-blocker adminis-
tration. A recent translational study demonstrated that 
patients developing primary ventricular fibrillation dur-
ing an ongoing MI had higher circulating levels of the co-
transmitter neuropeptide Y (NPY) than matched patients 
without malignant arrhythmias.51 Experimental analysis 
in the same study demonstrated that NPY release from 
stimulation of stellate ganglia reduced the threshold for 
ventricular fibrillation despite the administration of beta-
blockers. Pharmacological blockade of the NPY receptor 
Y1 prevented the development of malignant arrhyth-
mias. These results identify Y1 as a novel therapeutic 
target for drugs acting in synergy with beta-blockers to 
prevent ventricular arrhythmias during ongoing STEMI.51

Pharmacological agents for acute coronary 
syndromes

The ever-growing maze of antiplatelet therapy
DAPT vs. P2Y

12
 monotherapy after PCI

In the TICO trial, 3056 patients with ACS undergoing PCI 
were randomized 1:1 to ticagrelor monotherapy after 3 
months of dual antiplatelet therapy (DAPT) vs. standard 
DAPT (aspirin + ticagrelor for 12 months). Ticagrelor mo-
notherapy after 3 months was associated with a significant 
reduction in the composite primary endpoint of 1-year 
net adverse clinical events (2% absolute reduction).52 In 
a pre-specified subanalysis of the diabetic cohort in the 
TWILIGHT study, ticagrelor monotherapy after 3 months 
was associated with a reduced risk of clinically relevant 

bleeding without any increase in ischaemic events, consi-
stent with the main results of the trial.53 Another pre-spe-
cified subanalysis of the TWILIGHT study showed that the 
benefits of shorter DAPT were also seen in the subpopu-
lation undergoing complex PCI.54 The benefits of ticagre-
lor monotherapy after 3 months are more pronounced in 
patients presenting with NSTEMI.55 These results, sugges-
ting a reduced risk of bleeding events with shorter DAPT 
without an increased risk of ischaemic events, are in line 
with other recently reported studies (including SMART-
-CHOICE,56 STOPDAPT-2,57 and GLOBAL-LEADERS58), and 
with a meta-analysis including trials in which aspirin was 
dropped 1–3 months after PCI.59 Conversely, the RENA-
MI registry showed that prolonged DAPT (>12 months) 
with potent P2Y

12
 inhibitors had a beneficial effect on 

ischaemic events (offsetting the increased risk of higher 
bleeding) except in patients older than 75 years and in 
women.60 Moreover, a pre-specified subanalysis within 
the PEGASUS-TIMI 54 trial showed that patients with 
prior ACS (1–3 years before) benefitted from long-term 
ticagrelor on top of aspirin (fewer ischaemic events) re-
gardless of whether they had prior coronary stenting.61

In the recent HOST-REDUCE-POLYTECH-ACS trial, 
2338 ACS patients receiving DAPT with prasugrel for 1 
month were randomized to half-dose prasugrel (5 mg 
daily) DAPT or full dose (10 mg) DAPT for an additional 
11 months. Prasugrel-based dose de-escalation was asso-
ciated with a net clinical benefit driven by a reduction in 
bleeding without an increase in ischaemic events.62

Prasugrel vs. ticagrelor in ACS patients
According to the new ESC NSTEMI guidelines,10 prasugrel 
should be considered in preference to ticagrelor for NS-
TE-ACS patients who proceed to PCI. This notable reco-
mmendation change is mainly based on the results of the 
multicentre open-label ISAR-REACT 5 trial.63 As the trial 
was designed to demonstrate that ticagrelor would be 
associated with fewer adverse events, the conclusion that 
prasugrel performed better generated some controversy. 
In a pre-specified subanalysis of the ISAR-REACT 5 trial 
STEMI population (41% of the sample), no significant di-
fferences in the primary endpoint (composite of 1-year 
death, MI, or stroke) were found between prasugrel and 
ticagrelor, albeit the latter was associated with a higher 
incidence of recurrent MI.64 Conversely, in a post-hoc ana-
lysis of the trial undertaken in the NSTEMI population 
(59% of the sample), prasugrel was superior to ticagrelor 
in reducing the primary endpoint without increasing the 
risk of bleeding.65

In line with the ISAR-REACT 5 results, a small mecha-
nistic study showed that, compared with ticagrelor and 
clopidogrel, prasugrel administered pre-PCI is associated 
with improved endothelial function, stronger platelet in-
hibition, and lower interleukin-6 (IL-6) levels, thus limit-
ing stent-induced endothelial dysfunction and inflamma-
tion.66 However, a recent meta-analysis of 12 trials found 
that of the three P2Y

12
 receptor inhibitors, only ticagrelor 

was associated with decreased mortality.67 A more recent 
large study of three databases including 31 290 ACS pa-
tients undergoing PCI found no differences in net adverse 
clinical events between patients taking ticagrelor or clop-
idogrel.68
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Pre-loading strategies
Another new addition to the guidelines on NSTE-ACS is 
the recommendation against routine pre-treatment with 
a P2Y

12
 receptor inhibitor in patients with unknown co-

ronary anatomy who are scheduled for early invasive 
management.10 In line with this recommendation, in the 
DUBIOUS trial, pre-loading with ticagrelor had no benefit 
in NSTE-ACS patients.69 After an interim analysis of 1449 
patients, the trial was prematurely interrupted for futility 
reasons (low incidence of the primary outcome and mini-
mal differences between groups).69

Systemic platelet inhibition strategies
Although glycoprotein (GP) IIb/IIIa receptor inhibitors are 
now only recommended for bail-out situations, the small 
FABOLUS-FASTER trial randomized 122 P2Y

12
-naive STE-

MI patients 1:1:1 to cangrelor infusion followed by pra-
sugrel, tirofiban infusion followed by prasugrel, or pra-
sugrel (chewed or integral). At 30 min, tirofiban yielded 
superior inhibition of platelet aggregation (primary end-
point) compared with cangrelor, and both were superior 
to chewed prasugrel (which did not provide superior pla-
telet inhibition compared with the integral form).70 The 
new kid on the block is selatogrel, a new highly selective, 
reversible P2Y

12
 inhibitor with a fast onset of action. In 

a phase II trial, a single subcutaneous administration of 
selatogrel to MI patients reached maximum plasma con-
centration at ∼1 h (with profound platelet inhibition as 
early as 15 min), without major bleeding complications.71

Overall, these data identify monotherapy with potent 
P2Y

12
 inhibitors as a valid alternative to classical DAPT af-

ter the early post-MI period. While prasugrel is recom-
mended over ticagrelor as the P2Y

12
 inhibitor of choice 

after an MI, there are still contradictory data. De-escala-
tion of prasugrel dose after 1 month appears as a valid 
alternative that can benefit patients at high bleeding 
risk. Cumulative evidence shows that pre-loading with 
P2Y

12
 inhibitors in ACS patients undergoing early invasive 

management does not offer benefits. When fast platelet 
inhibition is needed, tirofiban seems a good option, with 
s.c. selatogrel being a promising alternative.

Personalized treatment after acute  
coronary syndrome
Genotyping
The GIANT study determined the CYP2C19 genotype in 
saliva samples from 1445 STEMI patients within 4 days 
after PCI to allow appropriate treatment adjustment.72 
Carriers of loss-of-function (LOF) alleles (22% of the study 
population) received prasugrel or a double dose of clo-
pidogrel (potent thienopyridine strategy), while patients 
with wild-type or gain-of-function alleles were treated 
according to investigator preference. After genotyping, 
the potent strategy was prescribed to 99% of LOF carriers 
and to 55% of the other patients. Patients with LOF alleles 
showed no difference from the other patients in ischae-
mic or bleeding events at 1 year.72 The larger TAILOR PCI 
trial (5302 patients undergoing PCI, 50% ACS) failed to 
show any ability of a CYP2C19 genotype-guided strategy 
to reduce adverse cardiovascular events.73 Another study, 
in which a polygenic response score was derived from se-
veral CYP2C19 polymorphisms, showed that the number 

of alleles associated with increased platelet reactivity is a 
key determinant of clinical outcomes.74

Age and renal function
The POPular-AGE open-label trial randomized 1002 NSTE-
-ACS patients older than 70 years to clopidogrel or pra-
sugrel/ticagrelor, and found that the trade-off between 
ischaemic and bleeding events favoured clopidogrel.75 Si-
milarly, in a SWEDEHEART registry report on ACS patients 
aged ≥80 years, ticagrelor was associated with a higher 
risk of bleeding and death, without providing any addi-
tional reduction in ischaemic outcomes.76 Data from the 
RENAMI and BLEEMACS registries showed that prasugrel 
and ticagrelor performed better than clopidogrel at re-
ducing the risk of all-cause mortality and recurrent MI, 
without an increase in major bleeding, in ACS patients 
with chronic kidney disease [estimated glomerular filtra-
tion rate (eGFR) <60 mL/min/1.73 m2) treated by PCI.77

Altogether, these data show that while some patient 
subsets clearly benefit from potent P2Y

12
 inhibitors (i.e. 

those with renal failure), others may not (i.e. the elderly). 
Tailored antithrombotic therapy based on genotype does 
not seem to offer clinical benefit yet.

Looking at old drugs with new eyes
Systemic inflammation is increasingly recognized as a 
therapeutic target for atherothrombosis. In a recent ex-
perimental study, colchicine was shown to stabilize athe-
rosclerotic plaques.78 In the landmark COLCOT trial of 
4745 patients within 1 month after MI, low-dose colchi-
cine (0.5 mg once daily) was associated with a significant 
reduction in the primary efficacy endpoint, mainly driven 
by significant reductions in stroke and urgent hospitali-
zation for angina leading to coronary revascularization.79 
The benefit seems to be stronger when colchicine is ini-
tiated within the first 3 days after MI.80 In the small COL-
CHICINE-PCI trial, acute oral colchicine (1.8 mg) before PCI 
had no effect on the risk of PCI-related myocardial injury, 
although it attenuated the increase in IL-6 and high-sen-
sitivity C-reactive protein (hsCRP).81 The benefits of col-
chicine have recently been shown to extend to patients 
with chronic coronary artery disease. In the LoDoCo2 trial 
enrolling 5522 patients (84% with prior ACS), 0.5 mg/day 
colchicine was associated with a reduced incidence in the 
composite primary endpoint (cardiovascular death, spon-
taneous MI, ischaemic stroke, or ischaemia-driven coro-
nary revascularization) but did not significantly decrease 
cardiovascular deaths and was associated with a numeri-
cal increase in non-cardiovascular deaths.82 The increase 
in non-cardiovascular deaths was also reported in the 
small Australian COPS trial, which randomized 795 ACS 
patients to placebo or colchicine (0.5 mg twice daily for 
the first month, then 0.5 mg daily for 11 months).83 Col-
chicine was not associated with a reduction in the prima-
ry outcome of ischaemic events, but was associated with 
a higher rate of all-cause mortality, mainly non-cardio-
vascular.83

Altogether, these data identify colchicine as therapy 
that might be considered for post-MI patients with high 
residual ischaemic risk.

The benefits of chronic beta-blocker use in post-MI 
patients are well established for those with reduced LV 
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ejection fraction (LVEF), but the evidence is less firm for 
other patients. A recent study of the Korean national 
database followed 28 970 post-MI patients who were 
event-free after 1 year. Continuation with beta-blockers 
beyond 1 year was associated with a significantly lower 
rate of all-cause death than when therapy was discontin-
ued before 1 year.84 The benefits of beta-blockers were 
maintained beyond 2 years but not beyond 3 years.84 Al-
though this registry study was rigorous, it has important 
limitations that preclude a definitive answer to the ques-
tion of post-MI beta-blocker therapy for patients with 
preserved EF.85 In Europe, five ongoing trials are testing 
the role of beta-blockers in post-MI patients without 
reduced EF (REBOOT-CNIC, REDUCE-SWEDEHEART, BE-
TAMI, DANBLOCK, and ABYSS). These trials will pool >20 
000 properly randomized patients. The results of these 
trials will provide a definitive answer to this highly rel-
evant question.

Critical care for high-risk acute  
coronary syndromes

The most lethal complications of MI remain cardiac arrest 
(CA) and cardiogenic shock (CS). CS complicates between 
5% and 15% of STEMIs and is associated with in-hospital 
and 6-year mortality rates of 40–45% and 69%, respecti-
vely.86 In a regional STEMI programme, CS and CA affec-
ted 9% and 11% of the 4511 patients, respectively, but 
represented 76% of in-hospital deaths.87 The importance 
of CA as a disease modifier in CS is evident from compa-
rison of in-hospital mortality data (CS+ and CA+, 44% vs. 
CS+ and CA–, 23%; P < 0.001). After discharge, the 5-year 
survival probability for CS patients was 0.69 and for CA 
patients was 0.89. The prognosis of CA patients was de-
termined by the cardiac rhythm at presentation, and CS+ 
patients remained at high risk of lethal events.87 A recent 
retrospective study has shown that young women with CS 
complicating an MI are treated less aggressively and expe-
rience higher in-hospital mortality than men.88

MI patients with concurrent CS are increasingly given 
mechanical circulatory support. This trend was explored 
in a controversy-provoking, registry-based retrospective 
cohort study of 168 propensity-matched patient pairs that 
compared the Impella heart pump with intra-aortic bal-
loon pumps (IABPs).89 The risks of in-hospital death and 
bleeding were significantly higher in patients supported 
with the Impella pump (45.0% vs. 34.1% and 31.3% vs. 
16.0%, respectively). However, direct comparison of com-
plication rates with different devices would require high-
quality RCTs powered for hard clinical endpoints.

A recent observational study has shown that LV unload-
ing with Impella is associated with lower mortality in pa-
tients with CS treated with venoarterial ECMO.90

In the very small phase II ARREST trial, 30 patients with 
out-of-hospital CA and refractory ventricular fibrillation 
were randomized to ECMO-facilitated resuscitation or 
standard treatment. Six-month survival was significantly 
better in the early ECMO group.91

Randomized clinical trials are needed to confirm the 
best strategy management for patients presenting with 
CS ± CA complicating an MI.

Atypical forms of myocardial infarction:  
from coronary dissection to spasm

The most typical form of STEMI is the formation of 
an occluding thrombus on a ruptured atherosclerotic 
plaque (type I MI). However, emergency angiography 
sometimes shows other findings, from MI with non-
-obstructive coronary arteries (MINOCA) to sponta-
neous coronary artery dissections (SCADs). Diagnosis, 
treatment, and prognosis of these patients is less well 
established. Of the 276 522 MI elderly patients (≥65 
years old) in the US National Cardiovascular Data Re-
gistry CathPCI Registry, 16 849 (6%) fulfilled MINOCA 
criteria.92 Compared with MI patients with obstructive 
coronary artery disease, patients with MINOCA had a 
lower 1-year rate of all-cause death (12% vs. 17%) and 
lower incidence rates of re-MI (1% vs. 6%) and heart 
failure (6% vs. 9%).92 While this study shows that elderly 
patients with MINOCA have a relatively high inciden-
ce of 1-year MACE, this rate is significantly better than 
that of patients with typical MI.

MINOCA can also be caused by vasomotor dysfunc-
tion including epicardial and microvascular coronary 
spasm. Accurate diagnosis requires the execution of a 
provocative test (intracoronary acetylcholine testing), 
but the safety of this test in the acute MI setting has 
been questioned. A single-centre 10-year experience 
in performing provocative tests (80 MINOCA and 100 
stable angina patients) has been reported.93 Epicardial 
spasm was found more frequently in MINOCA patients 
than in stable angina patients (35% vs. 19%). Converse-
ly, microvascular spasm was more frequent in stable an-
gina patients (53% vs. 29% in MINOCA). Importantly, 
the rate of side effects was relatively low (15%), and 
that of complications (always reversible) was very low 
(2.2%) and did not differ between MINOCA and stable 
angina patients.93

SCAD is another entity that has gained attention in 
recent years. In the US Nationwide Readmissions Data-
base, which included 2.5 million patients diagnosed with 
MI, 1386 (0.05%) were diagnosed with SCAD.94 Com-
pared with typical MI patients, patients with SCAD had 
a higher incidence of 30-day readmission (12% vs. 10%). 
In the SCAD population, 81% of readmissions were due 
to cardiac causes. The most frequent cardiac cause was 
reinfarction (45%), followed by chest pain (20%) and ar-
rhythmia (13%). Half of SCAD readmissions occurred in 
the first week post-discharge, and more than half of rein-
farctions occurred in the first 2 days post-discharge.94 A re-
cent report investigated the long-term impact of SCAD on 
CMR-measured myocardial function in 158 SCAD survivors 
(98% female).95 The mode of presentation was NSTEMI in 
60%, STEMI in 33%, and cardiac arrest in 7%. Most SCAD 
patients had no or small infarctions and preserved RF on 
CMR performed >1 year after the index event. Larger in-
farctions on CMR were associated with STEMI presenta-
tion, TIMI 0/1 flow, multivessel SCAD, and the presence of 
connective tissue disorders.95

In summary, recent publications add new information 
about the prognosis of elderly patients presenting MINO-
CA. Performance of provocative tests in MINOCA patients 
is safe and in a non-trivial proportion of them identify 
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epicardial spasm as its causal mechanism. Compared with 
typical MI, SCAD is associated with a high rate of early 
readmissions.

Acute coronary syndromes during the 
coronavirus disease 2019 pandemic

The year 2020 will be remembered as the year of the CO-
VID-19 pandemic. The COVID-19 crisis has had a major 
impact on the management, treatment, and prognosis 
of ACS patients.96 Dedicated reviews and position papers 
have detailed the impact of COVID-19 on cardiovascular 
disease in general. Here, we want to briefly highlight the 
most important data on the impact of COVID-19 on ACS. 
Most notably, the European Association of Percutaneous 
Cardiovascular Interventions and the Acute Cardiovascu-
lar Care Association published a dedicated joint position 
statement on the invasive management of ACS during the 
COVID-19 pandemic in May 2020.97

The first noticed impact of COVID-19 was the signifi-
cant reduction in hospital admissions for ACS during the 
first wave of the COVID-19 crisis in Europe (March–April) 
compared with similar periods in previous years. This re-
duction was consistently reported in several European 
countries, including Spain,98 Italy,99 Austria,100 the UK,101 
and others.102 A recent ESC survey covering >140 countries 
worldwide showed that the COVID-19 crisis has had a ma-
jor effect not only on the number of STEMI presentations 
(significantly reduced) but also on the rate of delayed pre-
sentations (significantly higher).103

During the first wave of the COVID-19 crisis, the entire 
healthcare system (hospitals, emergency medical services, 
etc.) underwent a massive reorganization to deal with the 
overwhelming number of infection-related admissions.104 

This reorganization involved rapid structural adaptations 
(networks, spoke, and hub centres) and therapeutic ad-
justments.104

SARS-CoV-2 infection is associated with a highly throm-
bogenic status. Autopsy studies show that COVID-19 pa-
tients frequently have thrombo-embolic disease.105 This 
appears to be reflected in the apparent association of 
anticoagulation with better clinical outcomes in patients 
admitted for COVID-19.105 Several studies have demon-
strated that STEMI patients with COVID-19 have a sig-
nificantly higher thrombus burden in culprit lesions106,107 
and a higher incidence of multivessel thrombosis.106 This 
has resulted in higher heparin doses to achieve thera-
peutic activated clotting times and a higher use of GP 
IIb/IIIa receptor inhibitors. Importantly, STEMI patients 
with concurrent COVID-19 have a higher incidence of 
stent thrombosis.106 Mortality of patients admitted for 
ACS with concurrent COVID-19 seems to be significantly 
higher than that of contemporaneous ACS patients with-
out infection.107

Myocardial injury, evidenced as an elevation of tro-
ponins, is found in 10–35% of patients hospitalized with 
COVID-19.108 In a study of 100 patients recovered from se-
vere COVID-19, 60% had some evidence of myocardial in-
flammation on CMR.109 While lymphocytic myocarditis has 
been shown in 14% of cases in a systematic evaluation of 
autopsies of COVID-19 patients,110 current evidence sug-
gests that SARS-CoV-2 cardiac infection is uncommon.111 
In most COVID-19 patients, myocardial injury is secondary 
to a myocardial oxygen supply/demand disbalance in the 
context of critical illness (especially in patients with pre-
existing cardiovascular disease), and to a systemic cytokine 
storm.

Figure 7 summarizes the mechanisms leading to myo-
cardial injury in patients with COVID-19.

Figure 7 The causes of COVID-19-associated cardiac injury in adult patients. Reprinted from Frangogiannis et al.111, by permission of 
OUP on behalf of the ESC.
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Post-acute coronary syndrome  
myocardial healing

As discussed above, final infarct size (the extent of irre-
versible myocardial loss) is the main determinant of long-
-term mortality and morbidity, and infarct size can be 
limited by acute interventions during ongoing STEMI. Ho-
wever, there is a lack of therapies able to restore cardiac 
function after the acute episode, when the infarction is 
complete and necrotic myocardium is replaced by fibrotic 
tissue. The ability of cell therapy to improve outcomes in 
patients with large infarctions has been a matter of inten-
se research over the past 15 years. This year, the results 
of two large cell therapy trials have been published. The 
BAMI trial enrolled 375 STEMI patients with low LVEF who 
were randomized to control or intracoronary infusion of 
autologous bone marrow-derived mononuclear cells 2–8 
days after primary PCI.112 The main outcome of this am-
bitious trial was all-cause death, which did not differ be-
tween groups (3.3% and 3.8%).112 The incidence of 2-year 
mortality was overtly below that expected in the trial 
design (12%), and the results should thus be interpreted 
with caution. The ALLSTAR trial enrolled 142 patients 1–12 
months after MI with low LVEF and a large scar. These 
patients were randomized 2:1 to placebo or intracoronary 
infusion of allogeneic cardiac progenitor cells (cardiosphe-
re-derived cells; CDCs).113 The primary efficacy endpoint 
(change in CMR-measured infarct size at 1 year) did not 
differ between groups. LV volume was reduced in the cell 
therapy group.113

Despite the disappointing results of both studies, they 
confirm the safety of intracoronary administration of cell 
therapy at different timings after MI. A crucial obstacle to 
moving this field forward is the identification of the tar-
get population that would benefit from these advanced 
therapies.

Outlook

In summary, 2020 has witnessed important studies that 
should have an impact on acute cardiac care manage-
ment. Despite great advance in preventive strategies, the 
burden of modifiable risk factors is still very high, with sex 
and racial differences in the management and outcomes in 
ACS. Management of ACS patients with concurrent cancer 
is associated with a more conservative management and 
worse outcomes. The updated (fourth) UDMI results in a 
reclassification of a significant proportion of patients in 
a different MI type, coming with prognostic implications. 
2020 observed the confirmation that complete revasculari-
zation is clearly the best strategy for stable STEMI patients 
with multivessel disease. The search of co-adjuvant thera-
pies that might reduce infarct size in STEMI patients is still 
very active. Metoprolol has been shown to exert unique 
non-class cardioprotective effects and thus appears as the 
beta-blocker of choice in STEMI patients. The best anti-
platelet regimen is a field of very active research. A more 
personalized approach results in better outcomes. The old 
and inexpensive drug colchicine has been revealed as a 
good candidate for post-MI patients with high residual 
risk. Myocardial injury has been shown to be frequent in 

patients with severe COVID-19, but this seems more rela-
ted to the general condition of the patient than to direct 
cardiac viral infection. In addition, SARS-CoV-2 infection is 
associated with a high thrombotic burden. The very active 
clinical and translational research in the field of acute car-
diac care will result in a continuous update on this topic.
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Chiara Bucciarelli-Ducci3

1Department of Cardiology, University Hospital Ramon y Cajal, Carretera de Colmenar Km 9.100, 28034 Madrid; Spain; 2Department of Cardiology, Centro Hospitalar
Universitário Lisboa Norte (CHULN), CCUL, Universidade de Lisboa, Av. Prof. Egas Moniz MB 1649-028 Lisboa, Portugal; and 3Department of Cardiology, Bristol Heart
Institute, University Hospitals Bristol and Weston NHS Trust and University of Bristol, UK

Received 9 October 2020; revised 13 November 2020; editorial decision 3 December 2020; accepted 7 December 2020

Graphical Abstract

Raw 3D data were streamed from standard echocardiograph using custom connection to 3D DICOM viewer workstation (CarnaLife Holo, MedApp,
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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.
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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

Advances in digital health and particularly in artificial in-
telligence (AI) have led us very close to the true implemen-
tation of personalized medicine. The year 2020 has brou-
ght an exponential increase of studies using various forms 
of AI, from supervised machine learning to unsupervised 
deep learning, with applications across all domains of car-
diovascular medicine. AI is now moving from research to 
implementation, affecting all aspects of clinical cardiolo-
gy. The studies bringing AI close to clinical practice span 
from fast clinical and biochemical data analysis and inter-
pretation of results to image analysis, electrocardiogram 
(ECG) interpretation, arrhythmia detection, or even the 
use of face recognition to diagnose cardiovascular dise-
ases. We review some of the most exciting development 
if the field of AI in cardiology, published from fall of 2019 
up until now. The studies highlighted in this article give 
only a  small glimpse into this booming field, creating 
more anticipation for what will come to clinical practice 
in the coming years.

Digital health and particularly artificial intelligence (AI) 
are getting fast ground during the last few years in cardio-
vascular diagnostics and therapeutics. Indeed, the number 

of publications using various AI techniques has been in-
creased by >20-fold from 2010 to 2020. Since last year’s Eu-
ropean Society of Cardiology (ESC) congress, the role of AI 
in cardiovascular medicine had been highlighted as the 
next frontier in cardiovascular diagnostics, paving the way 
to the implementation of personalized strategies in car-
diovascular therapeutics.1 In a similar line, the last Ameri-
can Heart Association 2020 meeting also had a session en-
titled ‘Hype or Hope? Artificial Intelligence and Machine 
Learning in Imaging’, reminding us the importance paid 
by the major clinical cardiovascular medicine societies in 
this field. Indeed, issues like algorithm transparency and 
data open access transparency were key issues introduced. 
The concept of using digital innovation and particularly AI 
and Big Data to optimize treatments in clinical trials and 
eventually in clinical practice was brought up as a funda-
mental aspect of digital health of the future.

The introduction of AI in research but also in clinical 
practice is mainly driven by the technological advances in 
the handling and analysis of big data. AI is referred to 
the ability of a machine to execute tasks characteristic of 
human intelligence, such as problem solving or pattern 
recognition, and it is typically characterized by the ele-
ment of positive or negative reinforcement as part of the 
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of these networks to provide accurate interpretation of 
these tests.8 Finally, in the Apple Heart Study,9 the use of 
smartphones was demonstrated to be a very effective way 
to detect patients with subclinical paroxysmal atrial fibril-
lation. That was a large study that included ∼420k partici-
pants followed up for a median of 117 days through their 
smartphones. The technology developed by apple identi-
fied 0.5% with potentially irregular pulse (34% of which 
were proven to have atrial fibrillation confirmed by ECG). 
Although the exact nature of the technology used in the 
smartphone is not available, this study demonstrates that 
large volumes of data can be collected even using stand-
ard smartphones or portable devices like apple watches, 
opening new opportunities for big data research and de-
velopment of AI algorithms for timely detection of car-
diac arrhythmias in asymptomatic individuals.

AI for the management of heart failure

Risk stratification plays a key role in designing the thera-
peutic strategies in heart failure, given that the expected 
survival inevitably affects the decision for device implan-
tation.10 Currently, decision of implanting a defibrillator 
and/or applying cardiac resynchronization therapy (CRT) 
in patients with heart failure relies on well-defined cli-
nical, electrophysiological and imaging characteristics.10,11 
However, a  recent study published in  European Heart 
Journal (EHJ) earlier this year12 came to remind us that 
the prediction of responsiveness to CRT focused on mid- 
or long-term outcomes should be a key driver in decision-
-making. Indeed, Tokodi et al.12 used machine learning to 
help them build a risk score for the prediction of morta-
lity following CRT. The score used information from me-
dical history, physical examination, medication records, 
ECG, echocardiographic and laboratory data commonly 
obtained as part of routine hospital visits of patients with 
heart failure, and after it was trained in 1510 patients 
using a random forest algorithm, it has achieved a remar-
kable prognostic value for all-cause mortality, with AUC 
in ROC analysis ranging from 0.77 (in 1-year prediction) to 
0.8 (in 5-year prediction). The risk calculator is now avai-
lable for use (SEMMELWEIS-CRT Score, https://argusco-
gnitive.com/crt, Figure 1).12 As the authors mention, this 
score could facilitate the prompt recognition of high-risk 
patients, guiding deployment of the appropriate prophy-
lactic measures.13 It could also assist the patients and the 
families in making advance care decisions,13 while it could 
assist clinicians in deciding which patients are most suita-
ble for CRT.

The results of that study were in line with another re-
cent study showing that the use of machine learning to 
integrate clinical data together with imaging characteris-
tics can provide meaningful information about the future 
responsiveness of heart failure patients to CRT in a popu-
lation of >1.1k patients from the MADIT-CRT study.14

CRT would have meaningful impact in patient’s prog-
nosis. Before we reach at that stage though, it seems 
important to understand how to manage the high-risk 
individuals identified through such algorithms, given 
that most of the factors included into these models are 
non-modifiable.15 Randomized clinical trials are needed, 

learning process, similar to what typically happens with 
human learning. Indeed, machine learning refers to the 
ability of computers to improve their knowledge without 
being explicitly programmed to do so; so the machines 
can identify patterns in digital data and make generali-
zations, learning from their observations.2 Unsupervised 
deep learning is used to build convolutional neuronal 
networks (CNNs) that recognize features in digital data, 
not visible to the human eye. These data can be clinical 
information, images, ECGs or even standard ‘selfies’ tak-
en using smartphone cameras.

AI as a tool for arrhythmias’ prediction  
and management

Management of arrhythmias has always been a challenge, 
especially when we have to deal with subclinical condi-
tions such as paroxysmal atrial fibrillation, which often 
have stroke as their first presentation. Indeed, including 
clinical risk factors into a machine-learning algorithm was 
recently found to identify patients at risk for atrial fib-
rillation in a primary care population of >600k individuals 
in the DISCOVER registry in the UK.3 That algorithm could 
achieve negative predictive value of 96.7% and sensitivity 
to detect atrial fibrillation of 91.8%. In another landmark 
study published by the Mayo Clinic last year,4  it seems 
now possible that, by using a CNN to screen standard 12 
lead ECGs for characteristics not visible to the eye of the 
clinician, we can detect subclinical paroxysmal atrial fib-
rillation from sinus rhythm ECGs, achieving AUC as high 
as 0.9. This study was conducted in a population of >180k 
individuals with >450k ECGs included in the training set, 
>64k ECGs in the internal validation dataset, and >130k in 
the testing dataset. Algorithms like this could completely 
transform population screening for atrial fibrillation and 
will most likely enable timely administration of antico-
agulant treatment to prevent cardioembolic stroke. The 
astonishing size of this dataset gives a clear example of 
how deep learning should be performed, to yield repro-
ducible, practice-changing tools. Algorithms like this will 
soon be available on our portable ECGs in the clinic. One 
of the major problems of deep learning algorithms used 
for ECG interpretation is their susceptibility to adversarial 
examples, leading to consistently wrong classification of 
the test by detecting false patterns undetectable to the 
human eye. An elegant study by Han et al.5 has provided 
recently the tools needed to study the impact of these 
adversarial patterns in automated ECG classification and 
provides new opportunities to develop appropriate miti-
gation measures.

The recent release of large, publically available ECG 
databases such as the PTB-XL (that includes ∼21k records 
from ∼19k patients)6 or the one from the Shaoxing Hos-
pital Zhejiang University School of Medicine (∼10k pa-
tients)7  brings further optimism that, by increasing the 
variability and ethnic diversity of the training and vali-
dation datasets, these ECG applications are not far from 
clinical implementation. Further to the use of AI to detect 
atrial fibrillation, a recent study built a deep neural net-
work to classify various types of ECGs using >2.3 m ECGs 
from >1.6 m patients, demonstrating a remarkable ability 
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to evaluate the clinical benefit and cost-effectiveness of 
applying such algorithms in clinical practice.

The last year brought also new advances in the use of 
AI for the diagnosis of heart failure. Indeed, a CNN was 
trained based on paired ECGs and transthoracic echocar-
diograms from ∼45k patients and validated in an inde-
pendent cohort of >52k patients.16 The ROC for detection 
of systolic dysfunction using this AI-enhanced ECG inter-
pretation reached an AUC of 0.93. This impressive result 
confirms the notion that AI could extract invaluable infor-
mation even from simple, low-cost tests like ECG, which 
could even be used as screening tests for the detection of 
subclinical heart failure in the community.

AI in cardiac imaging

This year has been extraordinary for medical imaging, 
as a wide range of AI-powered algorithms has been in-
troduced in clinical care by the hardware vendors and 
software manufacturers. These algorithms range from 
image reconstruction, to automated segmentation and 
improvement of workflows, or even to the detection of 
imaging characteristics not visible to the human eye assis-
ting diagnosis.17,18 The year 2020 is considered by many as 
the year of cardiac computed tomography angiography 
(CTA), as this has just been incorporated into the recent 
ESC guidelines as a  first-line investigation for the man-
agement of chest pain.19 This approach came a few years 

after a similar recommendation was published in the UK 
NICE guidelines, but it is still more advanced compared to 
the US standard of care.20 Given the standardized way by 
which computed tomography (CT) images are captured, 
the modality is particularly attractive to machine-lear-
ning methods to improve segmentation and interpreta-
tion. Indeed, in a study by Al’Aref et al.21 from the CON-
FIRM registry, a population of >13k patients undergoing 
coronary calcium score measurements (CCS) was used to 
examine whether including CCS in a  machine-learning 
model together with clinical risk factors could improve 
risk stratification. Indeed, adding CCS in a baseline model 
that included clinical risk factors resulted in ∼9% impro-
vement in the ability to estimate the pre-test probability 
of obstructive coronary artery disease, with remarkable 
diagnostic accuracy. Particularly in the young patients 
(<65 years old), the algorithm improved the ability to de-
tect coronary artery disease by ∼17%. However, it remains 
to be proven that machine learning performs better than 
simple statistical regression models, when risk factors are 
combined with results from tests like CCS.22 Further to the 
use of machine learning to integrate imaging with other 
datasets, the practical value of AI lies with the impro-
vement of image analysis workflows.18 Automated seg-
mentation of coronary atherosclerotic plaques, coronary 
calcification or even epicardial fat in CT makes image 
interpretation faster and more accurate and eliminates 
user-dependent variability.23

The true power of AI though comes from its ability to 
‘see the invisible’. The field of radiomics allows extrac-
tion of thousands of different pieces of information from 
images, which provide information on the texture and 
composition of the tissue visualized (Figure 2). Indeed, 
further to the analysis of the composition and volume of 
coronary atherosclerotic plaques, it is now widely accept-
ed that vascular inflammation causes changes in the com-
position and texture of perivascular fat, which activates 
lipolysis and increases its hydrophilic content around in-
flamed vascular structures.24 Visualizing perivascular fat 
using standard CTA allows the calculation of a metric of 
these changes, driven by the 3D changes in perivascular 
fat attenuation. An AI-derived biomarker that captures 
that biology, the fat attenuation index (FAI), has strik-
ing prognostic value25 that goes beyond atherosclerotic 
plaque characteristics,26 as demonstrated in ∼4000 pa-
tients from the CRISP-CT outcomes study. In a recent pa-
per published by Oikonomou et al.27 published in EHJ, 
the same principle, i.e. the ability of perivascular fat to 
change its texture and composition in response to in-
flammatory signals coming from the vascular wall, was 
transferred in the field of radiomics. The concept of radi-
otranscriptomics has been introduced in the cardiovascu-
lar dictionary, as by using the gene expression profile of 
adipose tissue in fat biopsies obtained from 167 patients 
undergoing cardiac surgery, they created molecular clas-
sifiers for inflammation, fibrosis, and angiogenesis, all 
features characterizing perivascular fat after prolonged 
exposure to vascular inflammation. Then, they extracted 
the radiomic features from the CT images of the same 
adipose tissue, and by using machine learning they built 
a  radiomic signature to detect chronic vascular inflam-
mation (capturing perivascular fibrosis, angiogenesis, 

Figure 1 The 12 most important predictors of all-cause mortality 
as assessed by the SEMMELWEIS-CRT score. The importance of 
each feature was quantified by calculating the decrease in the 
model’s performance (area under the receiver operating char-
acteristic curve) after permuting its values (permutation feature 
importance method). The higher its value, the more important 
the feature is. As the values of feature importance were spread 
over a wide range (more orders of magnitude), base-10 loga-
rithmic transformation was performed to facilitate plotting. CRT, 
cardiac resynchronization therapy; LVEF, left ventricular ejection 
fraction; NYHA, New York Heart Failure Association functional 
class. (Reprinted from Tokodi et al.12, by permission of OUP on 
behalf of the ESC.)
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and inflammation). The new radiotranscriptomic metric 
generated, the Fat Radiomic Profile (FRP) index (Figure 3), 
was then tested for its performance in 1575 patients from 
the SCOTHEART trial, who were followed up for 5 years 
after their CTA.26,28 Indeed, FRP had a remarkable prog-
nostic value, as those people with abnormal FRP had >10 
times higher risk for a  fatal or non-fatal cardiac event, 
with an AUC to detect those who will have the event, of 
0.88. When abnormal FRP was combined with the pres-
ence of high risk plaque, the patient’s relative risk for car-
diac event was >43 times higher than the reference group 
(Figure 3). As it was discussed in the associated editorial,29 
this technology could guide therapeutic interventions; 
this could be done in the future either in the form of 
a companion diagnostic to allow targeted deployment of 
expensive treatments, or as an enrichment tool for clini-
cal trials. Other papers published this year30 seem to con-
firm the validity of this approach, while the strategies for 
Imaging residual inflammatory risk have been presented 
in a recent state of the art review published in EHJ.31 This 

method needs further validation in non-Caucasian eth-
nic groups, while its translation into a clinically applicable 
tool is challenging due to the complexity of the analysis, 
which makes it difficult to perform on standard clinical 
workstations onsite.

From an ultrasound point of view, 2020 has been 
a year for the consolidation of earlier technical develop-
ments in how to train neural networks to handle raw 
images and video loops from echocardiograms to seg-
ment and extract useful metrics such as ejection fraction 
and myocardial strain.32 The study by Ouyang et al.33 is 
probably the most significant advancement in the field, 
driven by AI in 2020. In that study, they took echocardi-
ography analysis from still frame segmentation to a vid-
eo-based deep learning approach through development 
of a specific EchoNet-Dynamic algorithm that combines 
temporal and spatial information within the neural net-
work. Training networks for the evaluation of segmen-
tation and quantification achieve an acceptable accuracy 
for the estimation of ejection fraction on a beat-to-beat 

Figure 2 Artificial intelligence can be used to combine different types of information, from clinical and laboratory data, to imaging or 
any other type of information, to assist clinical diagnosis and decision-making. (Reprinted from Oikonomou et al.18, by permission of 
OUP on behalf of the ESC.)
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basis that can help in identification of heart failure. The 
next interesting phase is going to be the application of 
these approaches to larger scale datasets to improve ac-
curacy of disease prediction, in large databases like the 
UK Biobank.34 This approach could open new horizons 
in applying deep learning in image interpretation for 
risk prediction. Indeed, this year the outputs of the UK-
Biobank confirmed its potential to drive innovation for 
years to come. In a study just published,35 >26k cardiac 
MRI scans were used in machine-learning algorithms to 
allow the detection of >2k interactions between imag-
ing phenotypes and non-imaging phenotypes in the 
UK-Biobank, providing new insights into the influence 
of early-life factors and diabetes on cardiac and aortic 
structure and function, linking them also with cognitive 
phenotypes.

AI and COVID-19

Above all, 2020 will be remembered as the year when 
COVID-19 brought the world upside down.36 As our 
knowledge accumulates about the disease, it becomes 
clear that COVID-19 is, in the end, a vascular endothelial 
disease.37,38 The need for rapid integration of large volu-
mes of data collected from around the world to facilita-
te the urgent development of treatments to combat the 
disease brought to the surface the power of AI to give 
solutions fast and accurately.39 Indeed, fast and accura-
te data collection has been in the centre of the efforts 
to combat the disease. European registries like the CA-
PACITY-COVID40 are actively collecting data around the 
disease, working together with international efforts 
from the International Severe Acute Respiratory and 

Emerging Infection Consortium and World Health Orga-
nization. The use of AI to interrogate these datasets is 
expected to improve our understanding on the inciden-
ce and pattern of cardiovascular complications in pati-
ents with COVID-19 and evaluate the vulnerability and 
clinical course of patients with underlying cardiovascu-
lar diseases. In addition, AI algorithms have been used 
to integrate chest CT findings with clinical symptoms, 
laboratory testing and exposure history to rapidly dia-
gnose COVID-19. In a very recent study41 that included 
905 patients tested with (419 of which tested positive 
for SARS-CoV-2), the AI system achieved an area under 
the curve of 0.92 to diagnose the disease without the 
need of a PCR method, having sensitivity comparable to 
a  senior thoracic radiologist.41 The use of computatio-
nal learning methods to integrate biomarkers of infla-
mmation and myocardial injury (e.g. C-reactive protein, 
N-terminus pro B type natriuretic peptide, myoglobin, 
D-dimer, procalcitonin, creatine kinase-myocardial band 
and cardiac troponin I) in COVID-19 was recently found 
to predict mortality with AUC 0.94.42 These initial mo-
dels could lead to point-of-care Severity Score systems 
and could have major impact in clinical decision-making, 
in the coming months. In the post-COVID-19 period, the 
expertise gained in applying machine learning to inte-
grate multi-omic and clinical data43 is expected to revo-
lutionise cardiac diagnostics.

AI: from pattern recognition to analysis  
of ‘selfies’!

AI and particular convolutional neural networks are be-
ing accused as ‘black boxes’ that combine features that 

Figure 3 (A) Coronary inflammation first drives changes in peri-coronary adipocyte size, while at a later stage it leads to perivascular fi-
brosis and angiogenesis. (B) These changes can be visualised in standard coronary CT angiography by a method called Fat Attenuation 
Indexing. By using a radiotranscriptomic approach, Oikonomou et al.27 have built an imaging signature that captures these changes 
(Fat Radiomic Profile). (C) That signature has striking prognostic value over and above risk factors including coronary calcium score, as 
it was validated in the SCOTHEART population. CAD, coronary artery disease; BMI, body mass index; FAI, Fat attenuation index; MACE, 
Major Adverse Cardiac Events. (Reprinted from Bartelt et al.29, by permission of OUP on behalf of the ESC.)
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are individually meaningless into algorithms that give 
meaningful predictions. Indeed, in a landmark study just 
published in the EHJ,44 a Chinese group of scientist has 
developed a  deep convolutional neural network that 
detects coronary artery disease (with stenosis >50% 
documented by angiography), by analysing the patien-
t’s  facial photos (Figure 4). They included >5k patients 
in their training dataset and 580 in the test dataset. The 
algorithm had sensitivity 80% and specificity 54% to de-
tect significant coronary artery disease from the faces of 
the patients, with an AUC 0.73. Could this be demonstra-
ting genetic predisposition to atherosclerosis? Could it 
demonstrate secondary effects on the skin and structure 
of the face due to risk factors or the disease itself? Or is 
it just the result of training the algorithm in an ethni-
cally homogenous population that will not survive the 
test of time?45 If the concept behind this study is confir-
med, then medical confidentiality may be at risk; walk-
ing into a train station or walking through the doors of 
an insurance company (where CCTV is in operation) may 
already give away health problems that you would like 
to keep private (breaching individual confidentiality), or 
inform you about health issues you are not aware of (sa-
ving your life). These issues will definitely spark exten-
sive debates in the coming years.

Challenges of AI application in clinical practice

Further to the great opportunities presented by AI, these 
technologies also generate significant scepticism. The 
results generated by most machine-learning algorithms 
often fail to generalize in different populations. Since 
these algorithms are often in the form of a  ‘black box’, 

it is hard to understand (and therefore criticize and edit) 
their content, and this generates unavoidable bias. Such 
bias could lead to results applicable only to specific po-
pulations, specific technical equipment, or specific clinical 
practices included into the training datasets. Many deep 
learning algorithms are also susceptible to adversarial 
examples, leading to consistently wrong classification of 
the measured parameter(s) by detecting false patterns 
undetectable to the human eye.

The limited generalizability in machine learning 
(i.e. the poor adaptability of these models to previ-
ously unseen data) comes to limit the applicability of 
these algorithms to clinical practice. This issue is miti-
gated by applying beyond training and internal valida-
tion (which inevitably leads to overestimation of the 
model’s  performance), also independent testing. For 
the proper generalizability assessment, independent 
test dataset should represent the population of inter-
est, but in a dataset totally independent of the training 
dataset (typically from independent institutions and/or 
geographically distant populations). The training part 
should be used for dimension reduction, development 
of the model and for hyperparameter tuning (and can 
use methods like cross-validation, random sampling 
or nested cross-validation). To prevent bias in perfor-
mance evaluation, the model should be locked before 
the independent testing. The lack of transparency on 
the true links between the training and the independ-
ent validation dataset often makes it hard to evaluate 
the quality of the published literature. Transparent 
reporting can be ensured by following specific princi-
ples,46 while open data sharing would allow independ-
ent reproducibility tests, securing high standards in 
publishing in the field.

Figure 4 Areas in the face with information useful in face pattern recognition, involved in prediction of coronary artery disease. In 
tests occluding facial regions (A), AUC was defined as the decrease in algorithm performance after occluding a specific facial region. 
In tests occluding regions of 11 × 11 pixels (B), the green regions were highlighted by the algorithm as important for detecting CAD. 
In the dose–response relationship test (C), the positive facial areas were judged based on the change in algorithm performance after 
occlusion. Having 7–9 positive areas was related with presence of coronary artery disease in 84% of the cases, while there was >1 ves-
sel disease in ∼42% of the cases (C). (Reprinted from Lin et al.44, by permission of OUP on behalf of the ESC.) This technology can be 
used for screening in the community (D). (Reprinted from Kotanidis and Antoniades45, by permission of OUP on behalf of the ESC.)
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Conclusions

There is no doubt that 2020 has been an extraordinary 
year, dominated by the COVID-19 pandemic. Under these 
difficult circumstances for humanity, and with most areas 
of cardiovascular research compromised due to national 
lockdowns, the data science endured. The ability of AI to 
extract and analyse large volumes of data remotely allo-
wed this field of cardiovascular medicine to continue its 
evolution, and we have seen major discoveries transfor-
ming many aspects of clinical care. From workflow im-
provements to automated image segmentation, accurate 
cardiovascular risk prediction or event facial recognition 
to screen for cardiac diseases, AI is now major part of 
cardiovascular medicine. The studies highlighted in this 
article give only a small glimpse into this booming field, 
creating more anticipation for what will come to clinical 
practice in the coming years.

The European Society of Cardiology has early recog-
nized the importance of the fast evolving field of digital 
health technologies and has prioritized it as a  strategic 
domain of cardiovascular medicine. The European Heart 
Journal family is at the forefront of the international ef-
fort to set high standards in publishing AI studies, actively 
promoting the translation of AI technologies into clinical 
applications. A new section on digital health has recently 
been included in the EHJ, aiming to cultivate the culture 
of digitization in the full spectrum of cardiovascular med-
icine. In addition, a new journal (EHJ Digital Health) has 
been added into the EHJ family. Finally, the European 
Union has recently launched an effort to regulate the 
use of AI algorithms as medical devices, especially for risk 
prediction. AI algorithms will need to receive CE mark as 
medical devices from May next year.47 This approach is 
being adopted by both Food and Drugs Administration 
and European Medicines Authority and will have direct 
implications on the clinical implementation of newly de-
veloped AI cardiovascular risk calculators that will be in-
cluded in the clinical guidelines in the future.
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