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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

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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