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Preamble

The management of acute coronary syndromes (ACS) 
has made enormous progress over the last five dec-
ades due to the introduction of defibrillation, beta 
blockers, thrombolytics, aspirin, primary percutaneous 
transluminal intervention (PCI), P2Y12 inhibitors, statins, 
radial access, and eventually PCSK9 inhibitors, among 
others (1). However, in spite of all these remedies, 
there is a remaining acute mortality risk, in particular, 
in those presenting in cardiogenic shock or after resus-
citation and an accruing number of major cardiovascu-
lar events (MACE) over the following years (2). Thus, 
there is an unmet need in the management of ACS. In 
2019, there were a number of important papers pub-
lished in the European Heart Journal and other journals 
that deepened our knowledge about the spectrum of 
ACS and their management. Today patients presenting 
with acute chest pain and changes in the electrocar-
diogram (ECG) or biomarkers may have ST-segment 
elevation myocardial infarction (STEMI) or non-STEMI 
(NSTEMI) caused by atheroma, coronary dissection 
(3), takotsubo syndrome (4, 5), MINOCA (Myocardial 
infarction with Non-Obstructed Coronary Arteries) (6), 
or myocarditis (7).

Genetics
Whole-genome sequencing and early acute 
myocardial infarction
The relative prevalence and importance of monogen-
ic mutations related to familial hyper-cholesterolaemia 
(FH) and of high polygenic score (cumulative impact 
of many common variants) pathways for early-onset 
myocardial infarction (MI) remain uncertain. Whole-ge-

nome sequencing enables simultaneous ascertainment 
of both monogenic mutations and polygenic score for 
each individual. Khera et al. (8) performed whole-ge-
nome sequencing in 2081 patients hospitalized for ear-
ly-onset AMI to assess the prevalence and clinical im-
portance of FH mutations and a high polygenic score. 
They observed an FH mutation in 1.7% of patients and 
a high polygenic score in 17% of patients, each of which 
was associated with a greater than three-fold increased 
odds of early-onset AMI. Beyond clinical risk stratifica-
tion, the polygenic score may additionally foster insights 
into the mechanistic underpinnings of AMI. Indeed, this 
risk associated with a high polygenic score is not the 
result of a discrete underlying mechanism but rather a 
quantitative blend of numerous risk pathways.

Pathophysiology
Plaque rupture and healing assessed by  
optical coherence tomography
The mechanisms and the pathologic substrate of 
plaque erosion and plaque fissure are different. Indeed, 
plaques complicated by erosion tend to be matrix-rich, 
lipid-poor, and usually lack prominent macrophage col-
lections, unlike plaques that rupture, which characteris-
tically have thin fibrous caps, large lipid pools, and abun-
dant foam cells (9). In a prospective study in 211 patients 
with STEMI who underwent pre-intervention optical co-
herence tomography (OCT) examination for the culprit 
lesion, Tan et al. (10) found that trimethylamine N-oxide 
(TMAO) levels, a gut microbiota-dependent metabolite 
derived from dietary phosphatidylcholine and choline, 
were significantly and independently higher in patients 
with plaque fissure than in those with plaque erosion. 

Reproduced from: European Heart Journal (2020) 0, 1–12. doi:10.1093/eurheartj/ehz942, by permission of Oxford University 
Press on behalf of the European Society of Cardiology
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The area under the receiver operating characteristic 
curve for distinguishing plaque rupture from plaque ero-
sion was 0.89. Thus, plasma TMAO has the potential 
to serve as a novel biomarker for plaque rupture in pa-
tients with STEMI and indeed is a prognostic marker in 
these patients (see below). This might be relevant be-
cause risk stratification and management are probably 
different for plaque fissure and erosion.
Healed plaque ruptures or erosions may be considered 
as a signature of an aborted ACS. However, the role 
of plaque healing in the natural history of ischaemic 
heart disease (IHD) is largely unknown. OCT has been 
validated for the detection of healed coronary plaques 
against histology and therefore, offers the opportunity 
of assessing their clinical relevance. Vergallo et al. (11) 
assessed plaque healing in two groups of patients at 
the extremes of the clinical presentations of IHD:

•	 patients with recurring ACS, defined as history of 
at least three AMIs or at least four ACS with at 
least one AMI;

•	 patients with long-standing chronic coronary 
syndromes, defined as a minimum 3-year history 
of stable angina in the absence of previous ACS. 
In the first group, non-culprit plaques only were 
assessed.

•	 They found that patients with recurrent ACS had 
a distinct atherosclerotic phenotype compared 
with those with chronic coronary syndrome and 
longstanding angina, including a much lower pre-
valence of healed coronary plaques, suggesting 
that plaque healing may play a role in leading the 
natural history of patients with IHD.

In another OCT study, Fracassi et al. (12) assessed 
plaque healing in the culprit stenosis, among 376 pa-
tients with ACS and found plaque healing in more than 
one-quarter. Such patients more frequently were dia-
betic or hyperlipidaemic; furthermore, healed plaques 
frequently showed OCT features of local and systemic 
inflammation. This suggests that the combination of 
risk factors and local in addition to systemic inflamma-
tion may outweigh the protective mechanism of plaque 
healing and predispose those plaques to develop oc-
clusive thrombus. Thus, a better knowledge of the 
mechanisms promoting plaque healing might provide 
new therapeutic targets to reduce ACS burden in addi-
tion to optimal risk factor control.

Mechanisms of coronary microvascular  
obstruction
The rapid re-opening and stenting of occluded epicar-
dial coronary arteries via emergency PCI have revo-
lutionized STEMI treatment. Despite technical refine-
ments and the introduction of numerous antiplatelet 
and anticoagulant drugs, more than one-third of pa-
tients demonstrate coronary microvascular obstruction 
(CMVO) which deny the benefit of an apparently suc-
cessful PCI. The mechanisms of CMVO are still largely 

unknown, while its prevention and treatment remain an 
unmet need.
Herring et al. (13) found that STEMI patients with the 
highest neuropeptide Y levels in the coronary sinus had 
significantly lower coronary flow reserve, and higher in-
dex of microvascular resistance measured with a cor-
onary flow wire, both markers of CMVO. After 2 days, 
they also had significantly higher levels of myocardial 
oedema and microvascular obstruction (MVO) on mag-
netic resonance imaging (MRI), and significantly lower 
ejection fractions and ventricular dilatation 6 months 
later. Interestingly, neuropeptide Y (NPY) (100–250 nM) 
caused significant vasoconstriction of rat microvascular 
coronary arteries via increasing vascular smooth mus-
cle calcium waves, and increased coronary vascular re-
sistance and infarct size in Langendorff hearts. These 
effects were blocked by the Y1 receptor antagonist 
BIBO3304. Immunohistochemistry of the human coro-
nary microvasculature confirmed the presence of vas-
cular smooth muscle Y1 receptors. Thus, antagonism 
NPY might be an attractive future therapeutic target in 
the prevention of CMVO (Figure 1).

New insight into post-myocardial infarction 
remodeling
The immune response to AMI involves two equally im-
portant, consecutive phases: the inflammatory phase 
and the reparatory phase. During the inflammatory 
phase, neutrophils and inflammatory Ly6Chi monocytes 
are recruited into the ischaemic myocardium. Subse-
quently, the Ly6Chi monocytes give rise to reparatory 
Ly6Clo macrophages, with an important role in cardiac 
recovery. A balance between the two phases is crucial 
for recovery of cardiac function and patient prognosis. 
An excessive inflammatory response to AMI amplifies 
myocardial injury, leading to larger infarcts and loss of 
function. However, clinical trials testing anti-inflamma-
tory strategies in AMI have so far led to non-significant 
or even deleterious effects. Ideally, an efficient therapy 
should inhibit the damaging effects of excessive inflam-
mation, while leaving the repair mechanisms intact.
Alarmins are a group of heterogeneous molecules re-
leased from dying cells and activated leucocytes that 
signal tissue damage and trigger an innate immune re-
sponse. S100A9 and its dimerization partner S100A8, 
also called myeloid-related proteins 8 and 14, are pro-
inflammatory alarmins that are readily produced and 
stored in large amounts in neutrophils and are increased 
at the site of acute coronary occlusion (14). Marinković 
et al. (15) studied 524 patients with ACS and found that 
high plasma S100A8/A9 at the time of ACS was associ-
ated with lower left ventricular ejection fraction (LVEF) 
at 1 year and increased hospitalization for heart failure 
during follow-up. Moreover, in wild-type C57BL/6 mice 
with AMI induced by permanent coronary artery ligation, 
treatment with the S100A9 blocker ABR-238901 during 
the inflammatory phase of the immune response inhib-
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ited haematopoietic stem cell proliferation and myeloid 
cell egression from the bone marrow. The treatment re-
duced the numbers of neutrophils and monocytes/mac-
rophages in the myocardium, promoted an anti-inflam-
matory environment, and significantly improved cardiac 
function compared with controls. To mimic the clinical 
scenario, they further confirmed the effects of the treat-
ment in a mouse model of ischaemia and reperfusion. 
Compared with untreated mice, 3-day ABR-238901 
treatment significantly improved LVEF. Thus, S100A9 
blockade might represent a feasible strategy to improve 
prognosis in ACS patients.
Tang et al. (16) investigated the effects of gut microbiota 
on cardiac repair after AMI. C57BL/6J mice were treat-
ed with antibiotics 7 days before AMI to deplete mouse 
gut microbiota. Antibiotic-treated mice displayed dras-
tic, dose-dependent mortality after AMI associated with 
a reorganization of the gut microbial community such 
as a reduction in Lactobacillus. The physiological sta-
tus and survival of mice were significantly improved af-
ter fecal reconstitution or dietary supplementation with 
short-chain fatty acids that are altered after antibiotic 
treatment; these benefits appeared to be mediated by 

immunomodulatory effects. In addition, supplementing 
antibiotic-treated mice with a Lactobacillus probiotic 
before AMI restored yielded cardioprotective effects. 
Thus, this study uncovers the adverse effects of anti-
biotics on survival after MI and addresses a promising 
therapeutic strategy that involves modulation of gut mi-
crobiota composition through probiotic supplementa-
tion (Figure 2).

Mechanisms of takotsubo syndrome
In 55 patients with takotsubo syndrome, Scally et al. (17) 
found myocardial macrophage inflammatory infiltrates 
as assessed by MRI as well as changes in the distribu-
tion of monocyte subsets and an increase in systemic 
pro-inflammatory cytokines. Many of these changes 
persisted for at least 5 months suggesting a low-grade 
chronic inflammatory state. Obviously, whether inflam-
mation is a cause or a consequence of the acute takot-
subo event remains to be shown. Moreover, whether 
inflammation is maladaptive and implicated in the per-
sistence in the long-term consequences of this condi-
tion is uncertain. Nevertheless, inflammation might play 
a role in the complex pathogenesis of this syndrome.

FIGURE 1. Neuropeptide-Y following primary percutaneous coronary intervention for ST-elevation myocardial infarction causes 
vasoconstriction of the coronary microvasculature and is associated with a high index of microcirculatory resistance and low 
coronary flow reserve, leading to microvascular obstruction, edema, and eventually a lower ejection fraction and ventricular 
dilatation. Redrawn with permission from Ref. 13

From Banning et al. European Heart Journal (2020) 0, 1–12. doi:10.1093/eurheartj/ehz942, by permission of Oxford University Press on behalf of 
the European Society of Cardiology
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Most importantly, novel investigations using functio-
nal MRI of the brain suggest that an altered limbic and 
central autonomic signal processing plays a crucial role 
in takotsubo and may explain the inappropriately ex-
cessive reaction of the sympathetic nervous system to 
stressful triggers. Thus, takotsubo is indeed by a brain 
disease and the heart may just represent the target or-
gan (18).

Diagnosis
Troponins
Boeddinghaus et al. (19) prospectively enrolled patients 
presenting with symptoms suggestive of AMI in three 
large diagnostic studies in order to assess the valid-
ity of the 0/h-algorithms according to age (<55 years, 
≥55 to <70 years, and ≥70 years). Rule-out safety of the 
ESC high-sensitivity cardiac troponin T (hs-cTnT) 0/1 h-
algorithm was very high with a sensitivity of >99.3% 
in all age-strata, while triage efficacy decreased with 
increasing age with sensitivity dropping from 93% to 
55%. Slightly higher cut-off concentrations optimized 
for older patients maintained very high safety of rule-
out and increased specificity. Findings were confirmed 
in two validation cohorts and also for hsTnI. While safe-
ty of the ESC 0/1 h-algorithms remained very high, in-
creasing age significantly reduced overall efficacy and 
the accuracy of rule-in. Thus, alternative slightly high-
er cut-off concentrations may be considered for older 
patients, although the problem remains for other con-
founders like chronic kidney disease, chronic heart 
failure, atrial fibrillation, and others that also need to 
be incorporated. Twerenbold et al. (20) confirmed the 
excellent applicability, short time to emergency depart-
ment discharge, and low rate of 30-day MACE associ-
ated with the routine clinical use of the ESC 0/1-h-algo-
rithm for the management of patients presenting with 
acute chest discomfort to the emergency department in 
a real-world setting.
Finally, important concepts for institutional transition to 
hs-cTn methodology providing recommendations use-
ful for education before implementation have been re-
ported in an Expert Panel chaired published by Januzzi 
et al. (21).

Implantable cardiac alert system
Symptoms remain a poor prompt for ACS. In a multicen-
tre, randomized trial of an implantable cardiac monitor 
that alerted 907 high-risk ACS patients with rapidly pro-
gressive ST-segment deviation randomized to a control 
(alarms deactivated) or treatment group for 6 months, 
after which alarms were activated in all subjects (22). 
Safety revealed a 96.7% freedom from system-related 
complications. The primary efficacy endpoint of cardiac 
or unexplained death, new Q-wave MI, and detection to 
presentation time >2 h following a confirmed occlusive 
event within 7 days was numerically, but not statistically 

reduced among patients with activated alarms group. 
When the observation window was extended to 50, 70, 
and 90 days in a prespecified analysis to include the 
majority of confirmed occlusive events in the control 
group, and an exploratory dual-baseline ECG analysis 
was used to reduce noise, a significant reduction in the 
primary endpoint was observed. Moreover, alarms sig-
nificantly decreased detection to arrival time at a medi-
cal facility. This device may be beneficial among high-
risk subjects in potentially identifying asymptomatic 
events.

Risk stratification
Biomarkers
Among 4257 patients of the VISTA-16 trial, initial and 
subsequent increases in high-sensitivity C-reactive 
protein (hsCRP) levels during 16 weeks after ACS were 
associated with a greater risk of the combined MACE 
endpoint, cardiovascular (CV) death, and all-cause 
death despite established background therapies (23). 
Further studies will be required to determine whether 
initial and serial hsCRP measurements can help guide 
the use of targeted anti-inflammatory therapies after 
ACS or whether more specific inflammatory markers 
will be needed to this end.
Four new biomarkers have been investigated in differ-
ent trials in the setting of ACS:
a: galectin-3, implicated in fibrosis (24);
b: impaired endogenous fibrinolysis (25);
c: �trimethyllysine and TMAO, gut-microbiota derived 

metabolite (26);
d: serum cholesterol efflux capacity (27).
All these biomarkers were found to be independently 
associated with MACE at follow-up. Again, further stud-
ies will be required to establish whether these markers 
identify patient subsets who need personalized forms 
of treatment.
Finally, Lindholm et al. (28) assessed the association 
between cystatin-C, growth differentiation factor-15 
(GDF-15), hsCRP, hs-TnT and TnI, and N-terminal pro-
B-type natriuretic peptide (NT-proBNP) and specific 
causes of mortality among 17 095 ACS patients of the 
PLATO trial. They found that NT-proBNP and GDF-15 
were strong markers associated with all-cause death 
based on their associations with death due to heart fail-
ure as well as due to arrhythmia and sudden cardiac 
death. Growth differentiation factor-15 had the strong-
est associations with death due to other vascular or 
non-vascular causes and possibly with death due to 
bleeding. It remains to establish how to these important 
prognostic information can guide treatment.

Cardiac magnetic resonance and entropy
Entropy is a new late gadolinium-enhanced MRI-de-
rived parameter to evaluate tissue inhomogeneity, inde-
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pendent of signal intensity thresholds. Androulakis et al. 
(29) enrolled 154 consecutive post-AMI patients under-
going late gadolinium-enhanced MRI prior to implant-
able cardioverter-defibrillator (ICD) implantation. When 
entropy involved the entire left ventricle (LV), this was 
associated with mortality. After adjusting for multives-
sel disease, acute revascularization, and ejection frac-
tion, entropy of the scar was independently associated 
with the presence of ventricular arrhythmias. The as-
sociation between LV entropy and mortality may reflect 
adverse and irreversible, inhomogeneous remodeling 
of the post-infarct LV and/or possibly fatal arrhythmias. 
Further studies are warranted to establish whether this 
new marker can allow a better identification of candi-
dates for ICD after AMI.

Treatment

Ticagrelor compared to prasugrel were studied in the 
ISAR-REACT 5 study (Figure 3) (30). Patients with 
ACS and a proposed interventional strategy were rand-
omized and the primary composite endpoint was death, 
MI, or stroke. In these patients with or without STEMI, 
prasugrel therapy was superior to ticagrelor with no dif-
ference in bleeding. These important comparative data 
are likely to change clinical practice.

Timing of treatment
The optimal timing of administration of dual antiplate-
let therapy (DAPT) in STEMI patients was investigated 
by the Swedish Coronary Angiography and Angioplas-
ty Registry (31). Patients were stratified between either 
post- or pre-procedure treatment with P2Y12 receptor 
antagonists. Of the 44.804 patients 58% had been on 
clopidogrel, 35% on ticagrelor, and 5% on prasugrel. 
There was no survival benefit from pre-treatment or any 
impact on infarct-related artery patency, stent thrombo-
sis, or bleeding. These data are surprising as a poten-
tial impact on early stent thrombosis, in particular, might 
have been anticipated. Existing Guidelines (32) recom-
mend catheter-lab administration of antiplatelet drugs 
and these data are supportive of that strategy, although 
Abtan and Steg (33) argue that we should continue to 
give P2Y12 receptor antagonists as early as possible in 
probable STEMI patients as there is a strong biological 
plausibility of likely benefit with no obvious likely detri-
ment.
Whether patients with patients with transient ST-ele-
vation (patients who present initially with ST-elevation 
on the electrocardiogram but, subsequently, show 
complete normalization of the ST-segment and relief 
of symptoms before reperfusion therapy) require im-
mediate revascularization was studied in a trial (34) of 
142 patients who were randomized to immediate (mean 
0.3 h) or delayed angiography (mean 22.7 h). The out-
come was infarct size by MRI at Day 4. The observed 

infarcts were generally small and there was no clear 
benefit from the immediate strategy, although 4/71 
patients required urgent intervention because of fur-
ther symptoms and ST elevation whilst waiting. Con-
sequently, these data can probably be interpreted as 
allowing decisions about timing of revascularization in 
patients with transient STEMI, to be guided by the avail-
ability of angiography and careful clinical assessment.
The management of non-culprit lesions in STEMI pa-
tients has been extensively discussed over the last 
years. Small randomized trials have suggested a prob-
able benefit from complete revascularization. The large 
COMPLETE trial randomized 4041 STEMI patients 
(Figure 4) to complete or partial revascularization (35). 
Complete revascularization was superior to culprit-only 
as it reduced the risk of CV death or AMI. There was 
also benefit from complete revascularization in reduc-
ing ischaemic endpoints. Timing appeared to be less 
important and deferring any secondary revasculariza-
tion procedure was safe. Thus, the advantage of com-
plete revascularization will presumably be reflected in 
subsequent ESC Guidelines.

Can we tailor treatment in acute coronary 
syndromes?
There remains a desire to tailor drug therapy to the in-
dividual patients and perhaps the individual lesion. This 
strategy would allow pharmaceutical optimization of 
protection with minimization of side effects or bleeding 
risk. The CHAMPION PHOENIX trial (36) has suggest-
ed that complex coronary lesions can be characterized 
and that it is inadequate treatment of these “high risk” 
lesions that leads to repeat revascularization or clinical 
events. Compared with a loading dose of clopidogrel, 
cangrelor reduced MACE occurring within 48 h after 
PCI in patients with ACS regardless of baseline lesion 
complexity. However, the absolute benefit: risk profile 
for cangrelor was greatest during PCI in complex cor-
onary anatomy. In a substudy of the PROSPECT trial 
(37), virtual histology and grey scale intravascular ul-
trasound (IVUS) was a predictor of a suboptimal final 
angiographic result reflected as a high residual Syntax 
Score after intervention. A detailed Expert consensus 
review has provided detail on characterization of acute 
coronary lesions using IVUS or OCT and suggested a 
triaged therapeutic approach (38).
Unfortunately measuring individuals’ responses to an-
tiplatelet drugs has not shown clinical utility. Rand-
omizing patients to measuring platelet function in the 
TROPICAL trial (39) showed no measurable clinical 
advantage. Within the trial, those patients with maxi-
mal platelet inhibition were predictably most prone to 
bleeding.

Optimizing treatment in ST-segment eleva-
tion myocardial infarction
About one-third of STEMI patients have suboptimal 
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reperfusion after PCI and it is this group of patients 
that might experience heart failure and premature 
death. MRI can provide evidence of MVO and myocar-
dial haemorrhage (40). In the DANAMI-3 trial delayed 
presentation (41) as evidenced by prolonged door-to-
wire-time predicted adverse clinical outcome, consist-
ent with previous observations using intracoronary 
physiology measurements suggesting increased risk in 
these “late presenters” (42). Enhanced and continued 
public information campaigns are required to optimize 
outcomes in high-risk STEMI patients along with novel 
adjunctive therapies. In this context, full dose intracoro-
nary tenecteplase was inferior to abciximab in a small 
randomized trial (43) and using low dose intracoronary 
tenecteplase after reperfusion in the T-time trial also 
failed to reduce MVO measured using cardiac magnetic 
resonance imaging (CMRI) (44).
Hypothesis generating results were presented by the 
Microvascular Reperfusion Utilizing Sonothrombolysis 
in Acute Myocardial Infarction (MRUSMI) investigators 
(45). They randomized STEMI patients to either stand-
ard PCI or diagnostic ultrasound transducer guided 
high mechanical index impulses during an ultrasound 
agent transfusion prior to and following PCI. The ultra-
sounds high mechanical index impulses create micro-
bubble cavitation that induce shear forces, designed to 
dissolve intracoronary thrombi. The treatment cohort 
demonstrated higher recanalization (48% vs. 20%) and 
TIMI 3 flow rates (32% vs. 14%) within the infarcted 
vessel ST-segment resolution prior to primary PCI oc-
curred more frequently. Furthermore, infarct size as as-
sessed by MRI and TNT peak values was also reduced 
by the intervention. Optimizing reperfusion for patients 
with STEMI when there is lot of thrombus is challenging 
and these preliminary results hint at a possible alter-
nate approach.
Remote preconditioning in STEMI was studied in the 
CONDI-2/ERIC PPCI trial (46) which randomized 5401 
patients to standard treatment (including a sham sim-
ulated remote ischaemic conditioning at UK sites) or 
remote ischaemic conditioning (intermittent ischaemia 
and reperfusion applied to the arm through four cy-
cles of 5-min inflation and 5-min deflation of an auto-
mated cuff device) before primary PCI. Unfortunately, 
remote ischaemic conditioning did not improve clinical 
outcomes (cardiac death or hospitalization for heart 
failure) at 12 months. New approaches and therapies 
within this area are warranted if this experimentally 
well-documented concept should ever reach the clini-
cal applicability.

Outcomes
Quality of treatment and outcomes
In a cohort of 389 507 NSTEMI patients, optimal care, 
defined as the receipt of all eligible treatments, was in-
versely related to risk status (defined by the GRACE 

risk score), i.e. 25.6% in low, 18.6% in intermediate, and 
11.5% in high-risk patients. At the end of 2.3 years of 
follow-up, the association between the use of all eligi-
ble guideline-indicated treatments and improved sur-
vival remained only significant for high-risk NSTEMI 
(47). Thus, optimal use of guideline-indicated care for 
NSTEMI was associated with greater survival gains 
with increasing GRACE risk, but its use paradoxically 
decreased with increasing GRACE risk, thus leaving 
room for improvement.
In the SWEDHEART registry, outcomes of patients pre-
senting with NSTEMI followed over 20 years demon-
strated a substantial improvement in long-term survival 
and reduction in the risk of MACE (48). These improve-
ments were associated with the gradual uptake and 
widespread use of PCI and long-term use of evidence-
based medications, consistent with the anticipated ef-
fectiveness of their implementation as proposed in 
guidelines (Figure 5).
The value of a cardiac rehabilitation programme was 
compared in 839 patients who attended a planned pro-
gramme at discharge after ACS or surgical revascu-
larization, while 441 patients were discharged without it 
(49). At multivariable Cox proportional hazard analysis, 
the cardiac rehabilitation programme was an independ-
ent predictor of lower occurrence of MACE (hazard ratio 
0.55), while in a propensity-matched analysis patients 
attending the cardiac rehabilitation programme also ex-
perienced a lower total mortality (10% vs. 19%) and CV 
mortality (2% vs. 7%) compared to non-rehabilitated 
ones. Thus, the positive effects of ambulatory of cardiac 
rehabilitation are also notable in a real-world population.
Finally, in a cohort study of 123 780 consecutive PCIs 
from the Pan-London PCI Registry the outcomes pre- 
and post-public reporting in the UK were compared 
(50). After public reporting was introduced, patients 
were older and had more complex medical problems, 
while in-hospital MACE and MACCE and 30-day mor-
tality rates were significantly lower. These results prob-
ably reflect continued improvements in PCI outcomes 
concomitant with the introduction of public reporting, 
but the lower reported complication rate could also 
reflect a change in the documentation of risk factors 
and a change in operator behaviour. Reassuring, addi-
tional data from the UK registry also confirm continued 
temporal improvement in outcomes in ACS and nota-
bly demonstrate no difference in outcome depending 
on the times of day that treatment occurred. Patients 
treated as emergencies at night had similar outcomes 
to those treated within “office hours”.

Modes of death after non-ST-segment  
elevation myocardial infarction
In 66 252 patients with NSTEMI enrolled in 14 TIMI tri-
als, baseline characteristics and modes and timing of 
death were examined. Of the 2606 patients with known 
modes of death, 75.1% were related to MACE, 3.0% 
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were related to a bleeding event (including intracrani-
al haemorrhage) and 21.8% were related to a non-CV/
non-bleeding event (51). The most common modes of 
CV death were sudden death and recurrent AMI (36.4% 
and 23.4%, respectively). The proportion of CV deaths 
related to recurrent AMI was higher in the first 30 days 
than it was after 30 days following NSTEMI (30.6% vs. 
18.7%), whereas the proportion of sudden death was 
lower in the first 30 days than after 30 days (21.6% vs. 
46.2%). Thus, sudden death represented the largest 
proportion of CV deaths after 30 days. Further investi-
gations aimed at defining management approaches to 
reduce sudden death following NSTEMI may be critical 
to reducing late mortality.

Outcomes of in-hospital acute coronary  
syndromes
In a cohort study of 1.3 million patients hospitalized in 
US Veterans Health Administration facilities, an inci-
dence of in-hospital AMI of 4.27 per 1000 admissions 
and risk factors associated with in-hospital AMI such 
as history of IHD, elevated heart rate, low hemoglobin 
level, and elevated white blood cell count were reported 
(52). Compared with matched controls, mortality was 
significantly higher for in-hospital AMI. Thus, in-hospi-
tal AMI is common and associated with common CV 
risk factors and markers of acute illness and with high 
mortality approaching 60% at 1 year. Further studies 
of in-hospital AMI may yield opportunities to reduce in-
hospital AMI risk and improve patient outcomes.

Outcomes of atypical acute coronary  
syndromes

Spontaneous coronary artery dissection
Spontaneous coronary artery dissection (SCAD) is an 
underdiagnosed and poorly understood condition and 
an important cause of AMI in young women (3). In the 
Canadian multicentre, prospective, observational study 
of 750 patients, predisposing conditions included fibro-
muscular dysplasia in 31.1%, systemic inflammatory 
diseases in 4.7%, peripartum in 4.5%, and connective 
tissue disorders in 3.6% were noted (53). Most were 
treated conservatively, while 14% underwent PCI and 
a few coronary artery bypass surgery. In-hospital com-
posite MACE was 8.8%, but higher in peripartum SCAD 
(20.6% vs. 8.2%). Overall 30-day MACE was 8.8% with 
peripartum SCAD and connective tissue disease being 
independent predictors of 30-day MACE.

Takotsubo syndrome
Two different studies of the InterTak Registry including 
over 1500 patients with takotsubo syndrome found that 
both in-hospital cardiac arrest (4.9 of patients) (54) or 
the presence of an associated malignancy (16.6% of 
patients)(55) were associated with worse long-term out-
come. Of note, patients with cardiac arrest were more 
likely to be younger, male, and have apical takotsubo, 
atrial fibrillation, neurologic comorbidities, physical trig-
gers, longer corrected QT-interval, and lower LVEF, 
while those with malignancy were older and more likely 

FIGURE 5. (A and B) Kaplan–Meier estimates of the cumulative incidence of the first coprimary outcome (death from cardio-
vascular causes or new myocardial infarction) and the second coprimary outcome (death from cardiovascular causes, new 
myocardial infarction, or ischaemia-driven revascularization), respectively. Insets show the same data on an enlarged y axis. PCI, 
percutaneous coronary intervention. Reprinted with permission from Ref. 48
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to have physical triggers, but less likely to have emo-
tional triggers.

Myocardial infarction with non-obstructed 
coronary arteries
The long-term outcome of MINOCA was investigated 
in a large US Registry of 286 780 AMI admissions of 
which 5.9% had MINOCA (56). Following risk-adjust-
ment, MINOCA patients had a 43% lower risk of MACE 
over 12 months compared to those with AMI and coro-
nary artery disease. This pattern was similar for adjust-
ed risks of the MACE components. Thus, MINOCA has 
an unfavourable prognosis in elderly patients with one 
in five suffering a major adverse event over 12 months.

Women vs. men
The impact of gender was assessed in 13 451 NSTE-
MI and STEMI patients undergoing PCI in the Victorian 
Cardiac Outcomes Registry in Australia (57). Women 
with STEMI had significant delays in presentation and 
revascularization with a higher 30-day mortality com-

pared with men, while women with NSTEMI had no 
delay in presentation or revascularization, with mortal-
ity comparable to men. Thus, public awareness cam-
paigns might be needed to address women’s recogni-
tion and early action for STEMI.
In a Swiss population of 4360 patients with STEMI is-
chaemic time in women remained greater than that in 
men due to persistently greater patient delays (58). In 
contrast to men, clinical signs of ongoing chest discom-
fort did not predict delays in women, suggesting that fe-
male STEMI patients were less likely to attribute symp-
toms to a condition requiring urgent treatment.
In a Chinese population of 82 196 patients women hos-
pitalized for ACS less frequently received acute treat-
ments and strategies for secondary prevention than 
men (59). The observed sex differences in in-hospital 
mortality were mainly due to worse clinical profiles and 
fewer evidence-based acute treatments provided to 
women with ACS.
Finally, Vicent et al. (60) in an octogenarian Spanish 
population of 535 patients with STEMI found that fe-

TAKE HOME FIGURE. The spectrum of acute coronary syndromes encompasses plaque rupture and erosion (=Type 1 myocar-
dial infarction), Type 2 myocardial infarction, epicardial and microvascular coronary spasm, coronary embolism, acute myocar-
ditis, takotsubo syndrome, and coronary dissection.
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male sex was independently associated with death and 
hospitalization at 6-month follow-up.

Medicaid beneficiaries vs. privately insured 
individuals
In 42 645 and 171 545 STEMIs receiving Medicaid or 
private insurance, respectively (61), in unadjusted anal-
yses, Medicaid beneficiaries had lower rates of coro-
nary revascularization and higher rates of in-hospital 
mortality compared with privately insured individuals. 
Similar results were found in a propensity-matched co-
horts. Further studies are needed to identify and under-
stand the causes of the variation in STEMI outcomes by 
insurance status.

Black vs. White patients
In a US cohort of 6402 patients, self-identified black 
and white patients differed in several clinical and so-
cioeconomic characteristics (62). The higher the preva-
lence of characteristics associated with being black, the 
higher the 5-year mortality rate, but no differences were 
observed between black and white patients with similar 
characteristics. Thus, a greater prevalence of charac-
teristics associated with black race, but not race itself, 
was associated with higher mortality risk after AMI.

Conclusions

Important data from large randomized trials have aug-
mented the management of patients presenting with 
ACS. Importantly, recognition of the clinical spectrum of 
ACS has expanded in recent years and atypical forms, 
besides the classical STEMI and NSTEMI, such as ta-
kotsubo syndrome, coronary dissection, MINOCA, and 
myocarditis have been increasingly recognized, charac-
terized and their causes and mechanisms defined. The 
management of these novel forms of ACS is still not ev-
idence-based, but significant progress has been made 
recently. Furthermore, disparities in the implementation 
of guideline-based therapies are increasingly addressed 
to the benefit of the patient population at large.
The opinions expressed in this article are not necessar-
ily those of the Editors of the European Heart Journal or 
of the European Society of Cardiology.
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