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1. Preamble
There is no supplementary material for this section.

2. Introduction
2.1. Definitions | Acute coronary syndrome 
and myocardial infarction

2.2. Epidemiology of acute coronary 
syndromes
The incidence of acute coronary syndrome (ACS) increases with age. 
On average, ACS occurs 7–10 years earlier in men than in women.9,10

The risk of acute coronary events is increased with exposure to trad
itional cardiovascular (CV) risk factors and can be estimated using 
risk scores, such as the European Society of Cardiology Systemic 
Coronary Risk Evaluation (SCORE) system.10,11 The incidence of 
ST-elevation myocardial infarction (STEMI) has decreased relative to 
non-ST-elevation MI (NSTEMI) in recent years.12,13

There are considerable differences within European and global re
gions in the incidence and prevalence of ACS, alongside differences in 
case fatality rates.14,15 The increase in the relative incidence of 
NSTEMI is multifactorial (e.g. due to changes in diagnostic criteria and 
the emergence of high-sensitivity troponin assays). In Europe, there 
has been an overall trend toward a reduction in mortality due to 
ACS over the past three decades.16 Recent studies have highlighted a 
fall in both acute and long-term mortality following STEMI, in parallel 
with increasing use of reperfusion therapy, primary percutaneous cor
onary intervention (PPCI), modern antithrombotic therapy, and sec
ondary prevention therapies.14,17,18

Women tend to receive reperfusion therapy less frequently than 
men, and for high-risk groups, women less frequently receive reperfu
sion therapy within the recommended timeframes.19–21 One potential
ly relevant contributor to this observation is that women with ACS 
tend to present later than men.22–24 Women also have a higher risk 
of bleeding complications with percutaneous coronary intervention 
(PCI), which may influence treatment decisions.25 In patients who do 
not undergo invasive management, mortality is higher in women than 
in men. As such, it is important to maintain a high degree of awareness 
for MI in women with potential symptoms of ischaemia and to ensure 
that they do not receive lower rates of guideline-recommended inves
tigations and therapies.

3. Triage and diagnosis
3.1. Clinical presentation and physical 
examination
3.1.1. Clinical presentation
The relief of symptoms after nitroglycerine (glycerine trinitrate) admin
istration may increase the likelihood of ACS, but is not specific for ACS 
as it is also reported in other causes of non-cardiac chest pain, such as 
gastrointestinal disorders.26 In patients with a working diagnosis of 
STEMI, the administration of nitroglycerine can be misleading and is 
not recommended as a diagnostic manoeuvre.27,28 However, if symp
toms resolve after nitroglycerine administration, it is recommended 
to obtain another 12-lead electrocardiogram (ECG). Complete nor
malization of ST-segment elevation after nitroglycerine administration, 
along with complete relief of symptoms, is suggestive of coronary 
spasm, with or without associated myocardial infarction (MI).

Overall, the diagnostic performance of chest pain characteristics is 
limited in patients presenting to the emergency department (ED) 
with suspected ACS.26 There also appear to be more similarities than 

Table S1 Fourth universal definition of myocardial 
infarction

Universal definition of myocardial infarction 
A combination of criteria is required to meet the diagnosis of acute 

myocardial infarction, namely the detection of an increase and/or decrease 
of a cardiac biomarker, preferably high-sensitivity cardiac troponin T or I, 

with at least one value above the 99th percentile of the upper reference limit 

and at least one of the following: 
(i) Symptoms of myocardial ischaemia.

(ii) New ischaemic ECG changes.

(iii) Development of pathological Q waves on ECG.
(iv) Imaging evidence of loss of viable myocardium or new regional wall 

motion abnormality in a pattern consistent with an ischaemic 

aetiology (vascular bed distribution).
(v) Intracoronary thrombus detected on angiography or autopsy.

Different types of MI have been described on the basis of different underlying 

pathological conditions.

Type 1 

MI

Characterized by atherosclerotic plaque rupture, ulceration, 

fissure, or erosion with resulting intraluminal thrombus in one 

or more coronary arteries, leading to decreased myocardial 
blood flow and/or distal embolization and subsequent 

myocardial necrosis. 

Patients diagnosed with Type 1 MI will usually have underlying 
obstructive coronary artery disease (i.e. >50% diameter 

stenosis) but in ∼5–10% of cases there may be non-obstructive 

coronary atherosclerosis, particularly in women.1–5

Type 2 

MI

Myocardial necrosis in which a condition other than coronary 

plaque instability causes an imbalance between myocardial 
oxygen supply and demand.1,5 Mechanisms include 

hypotension, hypertension, tachyarrhythmias, 

bradyarrhythmias, anaemia, hypoxaemia, coronary artery 
spasm, spontaneous coronary artery dissection, coronary 

embolism, and coronary microvascular dysfunction.6–8

Type 3 

MI

MI resulting in cardiac death with symptoms suggestive of 

myocardial ischaemia when biomarkers are not available or MI 
is detected at autopsy.

Type 4 
MI

MI caused by percutaneous coronary intervention.5

Type 5 
MI

MI caused by coronary artery bypass grafting.5

©
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ECG, electrocardiogram; MI, myocardial infarction.

6                                                                                                                                                                                                 ESC Guidelines



differences between males and females in relation to symptoms asso
ciated with an ACS presentation.26,29 Older age, male sex, family his
tory of coronary artery disease (CAD), diabetes, hyperlipidaemia, 
smoking, hypertension, renal dysfunction, previous manifestation of 
CAD, and peripheral or carotid artery disease all increase the likelihood 
of ACS.30,31 In addition, some conditions may exacerbate or precipitate 
ACS, including: anaemia, infection, inflammation, fever, hypertensive 
crisis, emotional stress, and metabolic or endocrine (in particular thy
roid) disorders.

It is important for clinicians to be aware that the presentation of 
symptoms, the ability of the patient to express these symptoms, and 
the explanation of how the symptoms actually affect the individual 
may differ between men and women. However, it is also important 
to note that any differences in the sex-specific diagnostic performance 
of chest pain characteristics appear to be relatively minor and do not 
support the use of sex-specific chest pain characteristics for the early 
diagnosis of MI.22 In general, while some sex differences in symptoms 
exist, the symptoms experienced by men and women with confirmed 
ACS show substantial overlap, as demonstrated in Figure S1.22 What 
may be of more relevance to clinical presentation is that the interpret
ation of cardiac symptoms by physicians may be subject to gender bias 
and it is important for caregivers to be aware of this.32

Over 80% of women and men with ACS present with chest pain or 
pressure. Other common symptoms, like diaphoresis, shoulder/arm 
pain, and indigestion/epigastric pain, occur relatively commonly in 
both women and men with ACS. While some of the less common 
symptoms at presentation may be more common in women with 
ACS, these differences are minor and do not support the use of 
women-specific chest pain characteristics for the early diagnosis of MI.

As mentioned in the main text, chest pain can be classified as cardiac, 
possible cardiac, or non-cardiac. The term cardiac is used to describe 
chest pain occurring because of an underlying cardiac aetiology. This in
cludes classic chest discomfort based on quality, location, radiation, and 
provoking and relieving factors that make it more likely to be of cardiac 
ischaemic origin. The term ‘possible cardiac’ is used to refer to chest 
pain symptoms that suggest a cardiac origin. ‘Non-cardiac’ is a term 
used to refer to chest pain symptoms likely due to a non-cardiac cause 
in patients with persistent or recurring symptoms despite a negative 
stress test or anatomic cardiac evaluation, or a low-risk designation 
by a clinical decision pathway.33

3.1.2. Physical examination
Cardiac auscultation may reveal a systolic murmur due to ischaemic 
mitral regurgitation, which is associated with a poor prognosis.34

Alternatively, the murmur of aortic stenosis may be detected, which 
can mimic ACS presentations and may influence subsequent revascular
ization strategies. Rarely, a systolic murmur may indicate a mechanical 
complication (i.e. papillary muscle rupture or ventricular septal defect), 
particularly in patients who have presented late after MI and in whom 
revascularization has been delayed. A murmur consistent with aortic in
sufficiency should prompt consideration of acute aortic dissection asso
ciated with ACS. Physical examination may identify signs of 
non-coronary causes of chest pain (e.g. pulmonary embolism, acute 
aortic syndromes, myopericarditis, or aortic stenosis) or extracardiac 
pathologies (e.g. pneumothorax, pneumonia, or musculoskeletal dis
eases). In this setting, the presence of chest pain that can be reproduced 
by exerting pressure on the chest wall has a relatively high negative pre
dictive value for ACS.26 According to the clinical presentation, 

abdominal disorders (e.g. reflux disease, oesophageal spasm, oesopha
gitis, gastric ulcer, cholecystitis, or pancreatitis) may also be considered 
in the differential diagnosis. Differences in blood pressure between the 
upper and lower limbs or between the arms, irregular pulse, jugular vein 
distension, heart murmurs, friction rub, and pain reproduced by chest 
or abdominal palpation are findings suggestive of alternative diagnoses. 
Pallor, sweating, or tremor are often signs of stress related to MI but 
may also point towards precipitating conditions (i.e. anaemia or 
thyrotoxicosis).2

3.2. Diagnostic tools | Electrocardiogram
ECG criteria are based on changes in electrical currents of the heart 
(measured in millivolts). Standard calibration of the ECG is 10 mm/ 
mV—therefore 0.1 mV equals 1 mm square on the vertical axis. For 
simplicity, in this document ECG deviations are expressed in mm fol
lowing the standard calibration.

3.2.1. Acute coronary syndrome with persistent 
ST-segment elevation or other signs of acute vessel 
occlusion
In patients with left bundle branch block (LBBB), specific ECG criteria 
(Sgarbossa’s criteria) may help in the detection of candidates for imme
diate coronary angiography.35,36 It is important to recognize that the 
presence of LBBB is not suggestive of ongoing coronary artery occlu
sion in isolation. However, the presence of LBBB precludes the identi
fication of underlying ECG alterations that may indicate coronary artery 
occlusion. Therefore, patients with signs/symptoms that are highly sus
picious for ongoing myocardial ischaemia and who have LBBB on ECG 
(whether previously known or not) should undergo a reperfusion strat
egy. Patients with LBBB and other symptoms (e.g. non-persistent chest 
discomfort) who are haemodynamically stable only have a slightly high
er risk of having MI than patients without LBBB. In these patients, the 
result of the high-sensitivity cardiac troponin T or I (hs-cTn T/I) meas
urement at presentation should be integrated into decision-making re
garding triage for (and timing of) coronary angiography.36,37 It is also 
important to consider that more than 50% of patients presenting to 
the ED or chest pain unit with chest discomfort and LBBB will ultimately 
be found to have a diagnosis other than MI.36 In addition to the 
Sgarbossa criteria, some other novel algorithms to improve the identi
fication of acute MI in patients with LBBB have also been pro
posed.36,38–41

In patients with right bundle brunch block (RBBB), ST elevation is in
dicative of STEMI and ST-segment depression in leads I, aVL, and V5–6 
is indicative of non-ST-elevation ACS (NSTE-ACS).42 For the same rea
sons previously outlined for LBBB, patients with signs/symptoms that 
are highly suspicious for ongoing myocardial ischaemia and RBBB 
should be triaged for reperfusion therapy. In patients with a lower de
gree of clinical suspicion, the use of hs-cTn at presentation is recom
mended. Less than 40% of patients presenting to the ED with chest 
discomfort and RBBB will be found to have a final diagnosis of MI.37,42

Comparison of current and previous ECG tracings can be valuable in 
the setting of suspected ACS, particularly in patients with pre-existing 
ECG abnormalities. In cases of suspected ACS with persistent or recur
rent symptoms or in cases where there is diagnostic uncertainty, it is 
recommended to obtain serial 12-lead ECGs. Figure S2 demonstrates 
electrocardiographic abnormalities in patients with STEMI and some 
other ECG findings that may prompt triage for an immediate reperfu
sion therapy if present.
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Other symptoms, like diaphoresis,
indigestion/epigastric pain and
shoulder/arm pain occur commonly
in both women and men with ACS

of women and men with ACS 
present with chest pain or pressure

Some symptoms may be more common
in women with ACS, including:

Dizziness/Syncope
Nausea/Vomiting
Jaw/Neck pain
Shortness of breath
Pain between the shoulder blades
Palpitations
Fatigue

80%

Chest pain
or pressure

Diaphoresis Epigastric pain/
Indigestion

Shoulder/
Arm pain

Dizziness Nausea/
Vomiting

Jaw/Neck 
pain

Shortness 
of breath

Figure S1 Symptoms at presentation in acute coronary syndrome in women and men. ACS, acute coronary syndrome.
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ECG pattern Criteria Signifying Figure

Right bundle
branch block

vi

STEMI

i

Posterior
STEMI

ii

LCx occlusion/
right ventricular 

MI

iii

Multivessel 
ischaemia/
left main

obstruction

iv

Left bundle 
branch block/
paced rhythm

v

Ongoing acute coronary
artery occlusion

Posterior STEMI

ST-segment depression in leads
V1−V3, especially when the terminal
T-wave is positive (ST-segment
elevation equivalent), and 
concomitant ST-segment elevation
≥0.5 mm recorded in leads V7−V9

Left circumflex (LCX) artery
occlusion or right ventricular
MI

ST-segment elevation in V7−V9
and V3R and V4R, respectively

Multivessel ischaemia or left main
coronary artery obstruction,
particularly if the patient presents
with haemodynamic compromise

ST depression ≥1mm in six or
more surface leads (inferolateral
ST depression), coupled with
ST-segment elevation in aVR
and/or V1

Patients with a high clinical suspicion
of ongoing myocardial ischaemia
should be managed in a similar way
to STEMI patients

J point

R

R’

QRS duration greater than 120 ms
Absence of Q wave in leads I, 
V5 and V6
Monomorphic R wave in I, V5
and V6
ST and T wave displacement 
opposite to the major deflection 
of the QRS complex

New ST-elevation at the J-point in
≥ 2 contiguous leadsa

≥2.5 mm in men <40 years, ≥2 mm
in men ≥40 years, or ≥1.5 mm in
women regardless of age in leads 
V2−V3 and/or ≥1 mm in the other
leads (in the absence of LV
hypertrophy or left bundle branch
block)

aIncluding V3R and V4R

QRS duration greater than 120 ms
rsR’ “bunny ear” pattern in the
anterior precordial leads
(leads V1-V3)
Slurred S waves in leads I, aVL 
and frequently V5 and V6

V1-V3

V7-V9, V3R and V4R

Patients with a high clinical suspicion
of ongoing myocardial ischaemia
should be managed in a similar way
to STEMI patients

ST depression
≥ 1 mm in six or

more surface leads

ST elevation in 
aVR and/or V1

Figure S2 Electrocardiographic abnormalities in patients with STEMI and ECG findings that, if present, may prompt triage for immediate reperfusion ther
apy. ECG, electrocardiogram; STE-ACS, ST-elevation acute coronary syndrome; STEMI, ST-elevation myocardial infarction.
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3.2.2. Acute coronary syndrome without persistent 
ST-segment elevation or other signs of acute vessel 
occlusion
ST-segment depression is not only a qualitative, but also a quantitative 
marker of risk. Both the number of leads with ST-segment depression 
and the magnitude of ST-segment depression (either within a single 
lead or the sum of all leads) are indicative of the extent of ischaemia 
and correlate with prognosis.43–45 While the prognostic impact of 
ST-segment depression is indisputable, the evidence regarding the 
prognostic impact of isolated T wave inversion is conflicting. T wave 
inversion was only independently predictive for an adverse outcome 
when occurring in ≥5–6 leads, with no correlation found for T wave 
inversion occurring in fewer leads.46–50 Another relevant issue in this 
regard is that the interpretation of the prognostic value of T wave in
version may be hindered by inconsistent definitions. Overall, the prog
nostic value of T wave inversion certainly appears to be less than that 
of ST-segment depression, and the presence of concomitant T wave 
inversion does not alter the prognostic value of associated 
ST-segment depression.50 The presence of ST-segment depression 
>1 mm in ≥6 leads in conjunction with ST-segment elevation in 
aVR and/or V1 is suggestive of multivessel ischaemia or severe left 
main coronary artery stenosis, particularly if the patient presents 
with haemodynamic compromise.51–53

Beyond ST-segment deviation and T wave inversion, additional ECG 
patterns that may signify severe stenosis or even occlusion of the proximal 
left anterior descending (LAD) coronary artery have been described. 
However, the majority of these ECG patterns were identified in old, small, 
single-centre series. As a result, their true frequency and diagnostic yield 
remains uncertain. Up to a quarter of patients presenting with 
NSTE-ACS may have a totally occluded vessel on angiography, which is as
sociated with increased mortality.54,55 Therefore, the recognition of ECG 
patterns (in the absence of ST-segment elevation) that may be associated 
with a totally occluded vessel on angiography is potentially clinically im
portant. An abnormal ST-segment and T wave morphology, now known 
as Wellens’ syndrome, was described in the early 1980s (Figure S3).56 In a 
series of 1260 patients hospitalized for unstable angina (UA) between July 
1980 and December 1985, 204 (16%) had this ECG pattern.57 After ex
cluding patients with recent MI and missing data, 180 patients were further 
analysed. All of these patients had stenosis of ≥50% in the proximal LAD 
and 18% had a total occlusion. The type A pattern was present in 25% and 
the type B pattern in 75% of patients. In 2008, de Winter et al. reported 
another abnormal ST-segment and T wave morphology signifying prox
imal LAD occlusion.58 Figure S3 demonstrates some of the potential elec
trocardiographic abnormalities in patients with NSTE-ACS. Novel ECG 
algorithms using digital ECG data are in development and offer the poten
tial to improve diagnosis and risk stratification.59–62

<20min

ECG pattern Criteria Signifying Figure

T-wave inversion >1 mm in ≥5 
leads including I, II, aVL,
and V2–V6

Only mildly impaired prognosis

J point depressed by
≥0.5 mm in leads V2 and V3 or
≥1 mm in all other leads

followed by a horizontal or
downsloping ST-segment for
≥0.08 s in ≥1 leads (except aVR)

More severe ischaemia
≥ 1 leads

Transient
ST-segment
elevation

Only mildly impaired prognosis

≥ 1 leads

De Winter ST-T

1–3 mm upsloping ST-segment
depression at the J point in leads
V1–V6 that continue into tall,
positive, and symmetrical T waves

Proximal LAD occlusion/
severe stenosis

≥ 2 contiguous leads

I, II, aVL,or V2 to V6

Isoelectric or minimally elevated
J point (<1 mm)
+
biphasic T wave  in leads V2 and V3
(type A)
or
symmetric and deeply inverted T
waves in leads V2 and V3,
occasionally in leads V1, V4, V5, and
V6 (type B)

Proximal LAD occlusion/
severe stenosis

V1–V6

(V1-)V2-V3(-V4)

(V1-)V2-V3(-V4)

Isolated T-wave
inversion

a

ST-segment
depression

b

c

d

Wellens sign

e

type A

type B

ST segment elevation in ≥2 
contiguous leads of ≥2.5 mm in 
men <40 years, ≥2 mm in men ≥
40 years, or ≥1.5 mm in women 
regardless of age in leads V2−V3 
and/or ≥1 mm in the other leads 
lasting <20 min

Figure S3 Electrocardiographic abnormalities in patients with non-ST-segment elevation acute coronary syndrome. ECG, electrocardiogram; LAD, left 
anterior descending artery. This figure highlights some of the electrocardiographic abnormalities that may be present in patients with NSTE-ACS.
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3.3. Diagnostic tools | Biomarkers
3.3.1. High-sensitivity cardiac troponin

3.3.1.1 Reasons for high-sensitivity cardiac troponin elevations other 
than Type 1 myocardial infarction
Many cardiac pathologies other than Type 1 MI can also result in cardi
omyocyte injury and therefore cardiac troponin (cTn) elevations 
(Table S3). In these cases, myocardial injury can be related not only 
to acute myocardial ischaemia due to oxygen supply/demand imbalance 
related to coronary spasm, dissection, or micro-embolism, but also to 
tachy-/brady-arrhythmias, hypotension, or shock and respiratory failure 
(Type 2 MI). In addition, myocardial injury can be related to causes 
other than acute myocardial ischaemia. These causes include both car
diac (heart failure [HF], hypertensive emergencies, myocarditis, takot
subo syndrome, and valvular heart disease) and non-cardiac 
conditions (critical illness, chronic kidney disease, stroke, pulmonary 
embolism) (Table S3).5 Patients with suspected ACS therefore require 
careful clinical evaluation and consideration of these differential diagno
ses, which frequently require different treatments.

In patients with elevations in cTn without a specific diagnosis, these 
elevations should not be primarily attributed to impaired clearance and 
considered harmless. Cardiac conditions seem to be the most import
ant contributors to cTn elevation in this setting, including stable CAD, 
HF, and hypertensive heart disease.31,63 Other life-threatening condi
tions can present with chest pain and may result in elevated cTn 
concentrations, including aortic dissection and pulmonary embolism. 

As such, these conditions should also be considered as differential 
diagnoses.

While Type 1 MI is due to atherosclerotic CAD with plaque rupture/ 
erosion and either occlusive or non-occlusive thrombus, Type 2 MI is 
due to an oxygen supply/demand imbalance and can have multiple 
causes (see Section 12.1 in the main text). The observed incidence of 
Type 2 MI is increasing with the implementation of hs-cTn assays.8

Treatments differ substantially between Type 2 and Type 1 MI and their 
early and accurate non-invasive differentiation before angiography re
mains a gap in evidence. Recent studies have proposed different scores, 
including clinical parameters and biomarkers, to better differentiate 
these entities before angiography.7,8,64–66

Table S2 Clinical implications of high-sensitivity car
diac troponin assays

Compared with standard cardiac troponin assays, hs-cTn 
assays:

• Have a higher NPV for acute MI, especially for patients who present 

early.

• Reduce the ‘troponin-blind’ interval, leading to earlier detection of MI.

• Result in a ∼4% absolute and ∼20% relative increase in the detection 

of Type 1 MI and a corresponding decrease in the diagnosis of unstable 
angina.

• Are associated with a two-fold increase in the detection of Type 2 MI.

Levels of hs-cTn should be interpreted as quantitative 
markers of cardiomyocyte damage (i.e. the higher the level, 
the greater the likelihood of MI):

• The terms positive and negative troponin levels should be avoided: 
instead, elevated and non-elevated troponin levels are preferred.

• Elevations beyond five-fold the upper reference limit have high (>90%) 
PPV for acute Type 1 MI.

• Elevations up to three-fold the upper reference limit have only limited 
(50–60%) PPV for MI and may be associated with a broad spectrum of 

conditions.

• It is common to detect circulating levels of cTn in healthy individuals.

• Due to their high sensitivity, cTn levels can be elevated due to acute 

and chronic conditions other than MI.

Rising and/or falling cTn levels differentiate acute MI from 
chronic but not acute myocardial injury ©

ES
C

20
23

cTn, cardiac troponin; hs-cTn, high-sensitivity cardiac troponin; MI, myocardial infarction; 
NPV, negative predictive value; PPV, positive predictive value.

Table S3 Conditions other than acute Type 1 myocar
dial infarction associated with cardiomyocyte injury 
(i.e. cardiac troponin elevation)

Myocardial injury related to acute myocardial ischaemia 
because of oxygen supply/demand imbalance (Type 2 MI)

Reduced myocardial perfusion, e.g.:

• Coronary artery spasm, microvascular dysfunction

• Coronary embolism

• Non-atherosclerotic coronary artery dissection

• Sustained bradyarrhythmia

• Hypotension or shock

• Respiratory failure

• Severe anaemia

Increased myocardial oxygen demand, e.g.:

• Sustained tachyarrhythmia

• Severe hypertension with or without left ventricular hypertrophy

Other causes of myocardial injury

Cardiac conditions:

• Heart failure

• Myocarditisa

• Cardiomyopathy (any type)

• Takotsubo syndrome

• Cardiac contusion or cardiac procedures (CABG, PCI, valvular 

interventions, ablation, pacing, cardioversion, or endomyocardial 

biopsy)

Systemic conditions:

• Sepsis, infectious disease

• Chronic kidney disease

• Stroke, subarachnoid haemorrhage

• Pulmonary embolism, pulmonary hypertension

• Infiltrative diseases (e.g. amyloidosis, sarcoidosis, haemochromatosis, 
scleroderma)

• Myocardial drug toxicity or poisoning (e.g. doxorubicin, 5-fluorouracil, 

trastuzumab, snake venoms)

• Critically ill patients

• Hypo- and hyper-thyroidism

• Strenuous exercise

• Rhabdomyolysis ©
ES

C
20

23
CABG, coronary artery bypass grafting; MI, myocardial infarction; PCI, percutaneous 
coronary intervention. 
aIncludes myocardial extension of endocarditis or pericarditis.
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3.3.2. Rapid ‘rule-in’ and ‘rule-out’ algorithms
3.3.2.1. European Society of Cardiology 0 h/1 h and European 
Society of Cardiology 0 h/2 h algorithms
NSTEMI can be ruled out at presentation if the 0 h hs-cTn concentra
tion is very low and the chest pain onset was >3 h prior to the 0 h 
hs-cTn measurement. NSTEMI can also be ruled out by the combin
ation of low baseline levels of hs-cTn and the lack of a relevant increase 
within 1 h (no 1 hΔ). Patients have a high likelihood for NSTEMI if the 
hs-cTn concentration at presentation is at least moderately elevated 
or shows a clear rise within the first hour (1 hΔ).4,67–88,89–96 Cut-offs 
are assay-specific (see Table S4) and derived to meet pre-defined criteria 
for sensitivity and specificity for NSTEMI.

Recently, specific cut-offs for the patients assigned to the ‘observe 
zone’ using the hs-cTn T assay (combination of a 3 h hs-cTn T concen
tration <15 ng/L and a 0 h/3 h absolute change <4 ng/L) have been de
rived and validated as having acceptable safety and efficacy for further 
decision-making.97 Specific cut-offs for other hs-cTn I assays in the ob
serve zone are currently being developed.

3.3.2.2. Caveats of using rapid algorithms
When using any algorithm, six main caveats apply: 

(i) Algorithms should only be used in conjunction with all available 
clinical information, including detailed assessment of chest pain 
characteristics and ECGs, and should be applied only following ex
clusion of STEMI or other life-threatening conditions. Patients with 
a clear pattern of crescendo or UA should undergo further 
investigation.

(ii) The rapid algorithms should be used only in patients presenting 
with suspected ACS and should not be applied in an unselected 
ED population (i.e. in patients with stroke or sepsis).

(iii) The European Society of Cardiology (ESC) 0 h/1 h and 0 h/2 h al
gorithms apply to all patients irrespective of chest pain onset. This 
approach is very safe (negative predictive value [NPV] and sensitiv
ity >99%), including in the subgroup of patients presenting very 
early (e.g. <2 h).71 However, due to the time dependency of cTn 
release and the moderate number of patients presenting <1 h after 
chest pain onset in previous studies, obtaining an additional cTn 
concentration at 3 h in early presenters triaged towards rule-out 
should be considered.

(iv) As late increases in cTn have been described in ∼1% of patients, serial 
cTn testing should also be pursued if clinical suspicion remains high or 
if the patient develops recurrent chest pain.30,31,68,71–74

(v) Time to decision = time of blood draw + turnaround time. The use 
of the ESC 0 h/1 h algorithms is irrespective of the local turn
around time (time from blood draw to blood results); 0 h and 
1 h refer to the time points at which blood is taken. The second 
blood draw may need to be taken before the result from the first 
one is available (although the results should be available in most 
cases within 60 min of blood sampling), but this does not affect 
the interpretation of the algorithms. The clinical and economic 
benefit of the ESC 0 h/1 h algorithm compared with other algo
rithms where the second blood draw is later than 1 h is therefore 
independent of the local turnaround time.98

(vi) The ESC 0 h/1 h and 0 h/2 h algorithms are assay specific and can 
be used only for the suggested assays for which the algorithms have 
been validated. If none of these assays are available, an alternative 
strategy needs to be considered.

Table S4 Assay specific cut-off levels in ng/L within the 0 h/1 h and 0 h/2 h algorithms

0 h/1 h algorithm Very low Low No 1 hΔ High 1 hΔ

hs-cTnT (Elecsys; Roche) <5 <12 <3 ≥52 ≥5

hs-cTnI (Architect; Abbott) <4 <5 <2 ≥64 ≥6

hs-cTnI (Centaur; Siemens) <3 <6 <3 ≥120 ≥12

hs-cTnI (Access; Beckman Coulter) <4 <5 <4 ≥50 ≥15

hs-cTnI (Clarity; Singulex) <1 <2 <1 ≥30 ≥6

hs-cTnI (Vitros; Ortho-Clinical Diagnostics) <1 <2 <1 ≥40 ≥4

hs-cTnI (Pathfast; LSI Medience) <3 <4 <3 ≥90 ≥20

hs-cTnI (TriageTrue; Quidel) <4 <5 <3 ≥60 ≥8

hs-cTnI (Dimension EXL; Siemens) <9 <9 <5 ≥160 ≥100

0 h/2 h algorithm Very low Low No 2 hΔ High 2 hΔ
hs-cTnT (Elecsys; Roche) <5 <14 <4 ≥52 ≥10

hs-cTnI (Architect; Abbott) <4 <6 <2 ≥64 ≥15

hs-cTnI (Centaur; Siemens) <3 <8 <7 ≥120 ≥20

hs-cTnI (Access; Beckman Coulter) <4 <5 <5 ≥50 ≥20

hs-cTnI (Clarity; Singulex) <1 TBD TBD ≥30 TBD

hs-cTnI (Vitros; Ortho-Clinical Diagnostics) <1 <2 <3 ≥40 ≥5

hs-cTnI (Pathfast; LSI Medience) <3 <4 <4 ≥90 ≥55

hs-cTnI (TriageTrue; Quidel) <4 TBD TBD ≥60 TBD ©
ES

C
20

23

The cut-offs apply irrespective of age, sex, and renal function. Optimized cut-offs for patients above 75 years of age and patients with renal dysfunction have been evaluated, but not 
consistently shown to provide better balance between safety and efficacy as compared with these universal cut-offs.30,31 The algorithms for additional assays are in development: hs-cTn 
T on Elecsys (Roche), hs-cTn I on Architect (Abbott), hs-cTn I on Centaur (Siemens), hs-cTn I on Access (Beckman Coulter), hs-cTn I on Clarity (Singulex), hs-cTn I on Vitros (Clinical 
Diagnostics), hs-cTn I on Pathfast (LSI Medience), and hs-cTn I on TriageTrue (Quidel). 
hs-cTn, high-sensitivity cardiac troponin; TBD, to be determined.30,31,67–88b
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3.3.2.3. Practical guidance on how to implement the European 
Society of Cardiology 0 h/1 h algorithm
Documentation of the time of the 0 h blood draw allows exact determin
ation of the time window (±10 min) of the 1 h blood draw. If for what
ever reason the 1 h (±10 min) blood draw was not feasible, then blood 
should be drawn at 2 h and the ESC 0 h/2 h algorithm applied (if validated 
for the assay in use, please see Table S4 for further details).

3.3.3. Other biomarkers
Compared with cTn, the creatine kinase myocardial band isoenzyme 
shows a more rapid decline after MI and may provide added value 
for assessment of the timing of myocardial injury and for the detection 
of early re-infarction.4

Myosin-binding protein C is more abundant than cTn and may there
fore provide clinical value as an alternative to or in combination with 
cTn.99 Assessment of copeptin, the C-terminal part of the vasopressin 
pro-hormone, may quantify the endogenous stress level in multiple 
medical conditions, including MI. As the level of endogenous stress ap
pears to be high at the onset of MI in most patients, the added value of 
copeptin to lower-sensitivity cTn assays is substantial.100–102 Therefore, 
the routine use of copeptin as an additional biomarker for the early 
rule-out of MI may be most valuable in the increasingly uncommon set
ting where hs-cTn assays are not available. However, copeptin does not 
have relevant added value for institutions using one of the well-validated 
hs-cTn-based rapid protocols for the early diagnosis of MI.103–111

3.4. Diagnostic tools | Non-invasive 
imaging
3.4.1. Cardiac magnetic resonance imaging with or 
without stress testing
The CARMENTA (CARdiovascular Magnetic rEsoNance imaging and 
computed Tomography Angiography) trial compared a cardiac magnetic 
resonance (CMR)- or coronary computed tomography angiography 
(CCTA)-first strategy with a control strategy of routine clinical care in 
207 patients (age 64 years; 62% male patients) with acute chest pain, ele
vated hs-cTn T levels (>14 ng/L), and an inconclusive ECG.112 Follow-up 
invasive coronary angiography (ICA) was recommended if the initial CMR 
or CCTA suggested myocardial ischaemia, infarction, or obstructive CAD 
(≥70% stenosis). The CMR- and CCTA-first strategies reduced ICA 

compared with routine clinical care (87% [P = 0.001], 66% [P < 0.001], 
and 100%, respectively), with no differences in major adverse cardiac 
events (MACE) at 1 year. Obstructive CAD disclosed by ICA occurred 
in 61% of patients in the routine clinical care arm, in 69% in the 
CMR-first arm (P = 0.308 vs. routine), and in 85% in the CCTA-first 
arm (P = 0.006 vs. routine). In the non-CMR and non-CCTA arms, follow- 
up CMR and CCTA were performed in 67% and 13% of patients, leading 
to a new diagnosis in 33% and 3%, respectively (P < 0.001). CARMENTA 
found that implementing CMR or CCTA first in the diagnostic process for 
patients with NSTEMI safely reduces the need for ICA and is diagnostically 
useful for identifying alternative diagnoses as compared with management 
guided by CCTA or invasive angiography.

3.4.2. Single-photon emission computerized 
tomography perfusion imaging and stress 
echocardiography
In patients in the observe zone with a normal ECG and non-elevated 
hs-cTn levels and who have been pain free for several hours, stress echo
cardiography or single-photon emission computerized tomography 
(SPECT) imaging can be performed safely as an alternative to CCTA dur
ing hospitalization or shortly after discharge. A limitation of these techni
ques is that they do not detect non-obstructive plaque. Stress 
echocardiography or SPECT imaging are preferred over exercise ECG 
due to their greater diagnostic accuracy and prognostic value.113,114

Stress echocardiography can detect regional wall motion abnormalities 
associated with acute myocardial ischaemia. If the acoustic windows are 
not adequate to assess regional wall motion abnormalities, the use of 
echocardiographic contrast is recommended to improve the detection 
of wall motion abnormalities. Various studies have shown that normal ex
ercise, dobutamine or dipyridamole stress echocardiograms have high 
NPV for ischaemia and are associated with good patient outcomes.115,116

3.5. Differential diagnosis for acute chest 
pain
Some conditions that should be considered in the differential diagnosis 
of ACS are shown in Table S5. These include aortic dissection, pulmon
ary embolism, and tension pneumothorax. Takotsubo syndrome is an 
increasingly recognized differential diagnosis and usually requires ICA 
in order to rule out ACS.117

Table S5 Differential diagnoses of acute coronary syndrome in the setting of acute chest pain

Cardiac Pulmonary Vascular Gastrointestinal Orthopaedic Other

Myocarditis/pericarditis, 

cardiomyopathiesa

Pulmonary embolism Aortic dissection Oesophagitis, reflux, or 

spasm

Musculoskeletal 

disorders

Anxiety 

disorders

Tachyarrhythmias (Tension) 

Pneumothorax

Symptomatic aortic 

aneurysm

Peptic ulcer, gastritis Chest trauma Herpes zoster

Acute heart failure Bronchitis, 

pneumonia

Stroke Pancreatitis Muscle injury/ 

inflammation

Anaemia

Hypertensive emergencies Pleuritis Cholecystitis Costochondritis

Aortic valve stenosis Cervical spine 

pathologies

Takotsubo syndrome

Coronary spasm

Cardiac trauma ©
ES
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aDilated, hypertrophic, and restrictive cardiomyopathies may cause angina or chest discomfort.
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Chest X-ray is recommended in all patients in whom NSTE-ACS is 
considered unlikely in order to detect/exclude potential differential 
diagnoses, including pneumonia, pneumothorax, rib fractures, or 
other thoracic disorders. Stroke may be accompanied by ECG 
changes, myocardial wall motion abnormalities, and cardiomyocyte in
jury (resulting in an increase in cTn concentrations). The majority of 
patients presenting to the ED with acute chest pain have non-cardiac 
conditions causing the chest discomfort.30,31,68,70,71,118–123 In many 
instances the pain is musculoskeletal, and this is generally benign, self- 
limiting, and does not require hospitalization. Chest pain characteris
tics may help to some extent in the early identification of these 
patients.

4. Initial measures for patients 
presenting with suspected acute 
coronary syndrome | Initial 
treatment
4.1. Pre-hospital logistics of care
Some special considerations may be relevant when making decisions 
about invasive management. This includes decisions regarding inva
sive assessment in severely frail patients with comorbid conditions 
(e.g. advanced cognitive impairment or advanced cancer), in whom 
the invasive procedure may be more likely to lead to harm than 
benefit. Considerations for end-of-life care have crucial importance 
in the pre-hospital setting and should involve a multidisciplinary 
decision-making process, taking account of patient and carer 
preferences.

4.1.1. Organization of ST-elevation myocardial 
infarction treatment in networks

To maximize staff experience, PCI centres should perform invasive 
management acutely on a 24/7 basis for all ACS patients. Other models, 
although not ideal, may include weekly or daily rotation of PPCI centres 
or multiple acute centres in the same region. Hospitals that cannot offer 
a 24/7 service for PCI should be allowed to perform urgent invasive 
management (angiography and PCI if needed) in patients already admit
ted for another reason who develop ACS during their hospital stay. All 
of these hospitals should comply with contemporary guidelines for pro
viding emergency medical services (EMS) for STEMI and NSTE-ACS. 
Since urgent or emergency coronary artery bypass grafting (CABG) 
may be indicated, the organizational network should designate one or 
more centres for acute cardiac surgery.

Hospitals should be discouraged from initiating a service limited to 
daytime- or within-hours acute ACS PCI, as this may generate confu
sion with EMS operators and affect both the ACS diagnosis- 
to-revascularization time and the quality of intervention at a focused 
24/7 PPCI centre.

5. Acute-phase management of 
patients with acute coronary 
syndrome
5.1. Acute coronary syndrome managed 
with invasive strategy
In several trials, a pre-specified subgroup analysis of patients with a 
Global Registry of Acute Coronary Events (GRACE) risk score >140 
showed that they benefitted from an early invasive strategy as opposed 
to those with a GRACE risk score <140 (TIMACS [Timing of 
Intervention in Acute Coronary Syndromes] trial: hazard ratio (HR) 
0.65, 95% confidence interval (CI), 0.48–0.89 vs. HR 1.12, 95% CI, 
0.81–1.56; Pinteraction = 0.01; VERDICT [Very EaRly vs. Deferred 
Invasive evaluation using Computerized Tomography] trial: HR, 0.81, 
95% CI, 0.67–1.00 vs. HR 1.21, 95% CI, 0.92–1.60; Pinteraction =  
0.02).124,125 A significant interaction was found between timing of inva
sive angiography and GRACE score in terms of the risk of death: a trend 
toward decreased risk of all-cause mortality was seen with an early in
vasive strategy in patients with a GRACE score risk >140 (HR 0.83, 95% 
CI, 0.63–1.10), with a higher risk of all-cause mortality in patients with a 
GRACE risk score ≤140 (HR 2.04, 95% CI, 1.16–3.59).126 In addition, 
an early invasive strategy reduced the risk of all-cause mortality in pa
tients with dynamic ECG changes, higher heart rate, and lower systolic 
blood pressure (SBP).126 It should be highlighted that both randomized 
controlled trials (RCTs) calculated the original GRACE risk score for 
in-hospital death.127 Due to different weighting of variables, scores 
other than GRACE may be considerably different for the same patient, 
possibly leading to different treatment decisions.126 Elevated cardiac 
biomarkers are part of the GRACE risk score, and therefore, there 
are some cases in which a patient can present with elevated troponin 
but a low GRACE score (i.e. <140). The evidence supporting the clinical 
benefit of routine early invasive strategy in these patients is less robust. 
Most recent trials in this area enrolled a large proportion of patients 
(around 80%) with elevated troponin, making the evaluation of this is
sue more complex. In a recent analysis of the VERDICT trial (which ex
cluded patients with transient ST-segment elevation), a significant 
interaction between timing of ICA and GRACE score, with regard to 
the risk of death, was found but not with raised troponin.126

Another important point is that the GRACE risk score may overesti
mate risk in ethnic minorities with NSTEMI.128

Table S6 Key features of networks of care for the pre- 
hospital management of STEMI

• Clear definition of geographic areas of responsibility.

• Shared protocols, based on risk stratification and transportation by a 

trained physician, nurse, or paramedic staff in appropriately equipped 
ambulances or helicopters.

• Pre-hospital triage of patients with a STEMI working diagnosis, 
according to risk stratification (ECG and symptoms), to the 

appropriate centre, bypassing non-PCI hospitals or hospitals without a 

24/7 service.

• On arrival at the appropriate hospital, the patient with suspected 

STEMI should be immediately taken to the catheterization laboratory, 
bypassing the ED and other ward areas.

• Patients presenting to a non-PCI-capable hospital and awaiting 
transportation for primary/rescue PCI must be attended to in an 

appropriately monitored and staffed area.

• If the working diagnosis of STEMI has not been made by the ambulance 

crew and the ambulance arrives at a non-PCI-capable hospital, the 

ambulance should wait for the diagnosis and, if a working diagnosis of 
STEMI is made, should continue to a PCI-capable hospital. ©
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ECG, electrocardiogram; ED, emergency department; PCI, percutaneous coronary 
intervention; STEMI, ST-elevation myocardial infarction.

14                                                                                                                                                                                               ESC Guidelines



5.2. Patients not undergoing reperfusion
ACS patients not receiving reperfusion/revascularization treatment re
present a heterogenous group, which includes patients not undergoing 
coronary angiography, patients with extensive CAD not amenable to 
revascularization, and patients without obstructive CAD.

5.2.1. Patients who are not candidates for invasive 
coronary angiography
These patients represent a small subgroup for which data indicating a 
hypothetical advantage of an invasive strategy are scarce. Advanced 
age, female sex, chronic kidney disease (CKD), diabetes mellitus, prior 
HF/revascularization, history of cancer, and frailty are commonly re
ported reasons for not performing diagnostic angiography in these pa
tients.129–132 These features largely overlap with the predictors of 
bleeding and ischaemic adverse events and this may explain the poor 
prognosis of this population.

Medical management without invasive assessment should only be 
chosen after careful risk assessment, bearing in mind that coronary angi
ography using the radial approach is a relatively low-risk procedure, that 
impaired left ventricular (LV) function increases mortality risk, and that 
knowledge of the coronary anatomy may impact on both risk stratifica
tion and the choice of pharmacological therapy. Advanced age or fe
male sex alone, in the absence of severe comorbidities or frailty, 
should not be considered sufficient reasons not to perform ICA and, 
likewise, ICA should not be denied for logistical reasons.133

5.2.2. Patients with coronary artery disease not 
amenable to revascularization
Patients diagnosed with severe CAD who are not amenable to any type 
of revascularization are at very high risk of recurrent ischaemic 
events.134 These patients are frequently female, elderly, and/or suffering 
from severe CKD, have multivessel CAD, and a history of prior MI/re
vascularization. The decision not to perform PCI is an independent pre
dictor of increased CV mortality, both in hospital and long-term.131,135

Accordingly, the decision not to perform revascularization should only 
be made in very selected patients, when there is a consensus that the 
risk of revascularization outweighs the benefit for clinical or anatomical 
reasons. These patients should undergo an aggressive secondary pre
vention treatment with potent antiplatelet therapy and anti-anginal 
agents, taking their comorbidities into account.136

6. Antithrombotic therapy
6.1. Long-term treatment
A strategy consisting of Factor Xa inhibition with a very low dose of riv
aroxaban (2.5 mg b.i.d. [bis in die, twice a day]) plus dual antiplatelet 
therapy (DAPT; aspirin plus clopidogrel) was studied in the ATLAS 
ACS 2-TIMI 51 (Anti-Xa Therapy to Lower Cardiovascular Events in 
Addition to Standard Therapy in Subjects With Acute Coronary 
Syndrome ACS 2-Thrombolysis In Myocardial Infarction 51) trial on a 
background of clopidogrel treatment.137 The study showed a reduction 

of ischaemic events and CV mortality along with a higher risk of major 
and intracranial bleeding. However, data are lacking regarding this strat
egy on a background of ticagrelor or prasugrel treatment. Therefore, it 
is difficult to extrapolate these trial results to contemporary practice 
with the use of potent P2Y12 receptor inhibitors. A similar approach 
was investigated in the APPRAISE-2 (Apixaban for Prevention of 
Acute Ischemic Events 2) trial in patients with recent ACS and at least 
two additional risk factors for recurrent ischaemic events. In this study, 
apixaban at a dose of 5 mg b.i.d. (mostly in combination with DAPT) 
was not associated with a lower risk of CV death, MI, or ischaemic 
stroke but was associated with a more than two-fold increase in major 
bleeding risk.138

6.1.1. Prolonging antithrombotic therapy beyond 12 
months
Prolonging DAPT: based on the results of the Dual Antiplatelet 
Therapy (DAPT) and PrEvention with TicaGrelor of SecondAry 
Thrombotic Events in High-RiSk Patients with Prior AcUte Coronary 
Syndrome—Thrombolysis In Myocardial Infarction Study Group 
(PEGASUS-TIMI) 54 trials, a prolonged DAPT course >12 months 
should be considered in those with high thrombotic risk and without 
an increased risk of major or life-threatening bleeding, and may be con
sidered in ACS patients with moderately elevated thrombotic risk who 
have tolerated DAPT without a bleeding complication (see Figure S4; 
Table S7 and S8).139,140 Of note, the 60 mg b.i.d. dose for ticagrelor 
was associated with reduced bleeding compared with the 90 mg b.i.d. 
dose and should be preferred for extended therapy >12 months.141,142

Dual antithrombotic therapy: based on the Cardiovascular 
Outcomes for People Using Anticoagulation Strategies (COMPASS) 
trial in chronic coronary syndrome (CCS) patients (62% with a history 
of MI), a strategy of dual antithrombotic therapy (DAT)—consisting of 
Factor Xa inhibition with a very low dose of rivaroxaban (2.5 mg b.i.d.) 
in combination with aspirin—should be considered as an option for 
maintenance treatment beyond 12 months post-ACS in patients at 
high thrombotic risk and without an increased risk of major or life- 
threatening bleeding, and may be considered in patients with moderate
ly elevated thrombotic risk.143,144

In the COMPASS trial, 27 395 stable CAD patients were randomized 
(62% with a history of MI, 7.1 years before enrolment) to one of three 
arms: a very low dose of rivaroxaban (2.5 mg b.i.d.) plus aspirin, rivarox
aban (5 mg b.i.d.) plus an aspirin-matched placebo, or aspirin alone. The 
combination of rivaroxaban 2.5 mg b.i.d. plus aspirin resulted in a signifi
cant reduction in the risk of the combined ischaemic endpoint, overall 
mortality (without reaching the threshold P-value according to the 
Hochberg procedure), and CV mortality alone, but increased the risk 
of major bleeding complications without a significant increase in the 
risk of fatal, intracranial, or critical organ bleeding events. Rivaroxaban 
5 mg b.i.d. did not result in improved CV outcomes in comparison to as
pirin monotherapy but did result in an increase in bleeding events.

The available evidence for DAT in ACS-CABG patients comes from 
subgroup analyses of ACS trials that had results consistent with the 
overall findings.130,145,146
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Figure S4 Antithrombotic strategies beyond the first 12 months after ACS. ACS, acute coronary syndrome; DAPT, dual antiplatelet therapy; DAT, dual 
antithrombotic therapy; HBR, high bleeding risk; MD, maintenance dose; o.d., once a day.

Table S7 Treatment options for extended dual antithrombotic or antiplatelet therapies

Drug Dose Indication NNT 
(ischaemic 
outcomes)

NNH 
(bleeding 

outcomes)

DAT regimens for extended treatment (including aspirin 75–100 mg o.d.)

Rivaroxaban 
(COMPASS trial)

2.5 mg b.i.d. Patients with CAD or symptomatic PAD at 
high risk of ischaemic events

77 84

DAPT regimens for extended treatment (including aspirin 75–100 mg o.d.)

Clopidogrel (DAPT trial) 75 mg/d Post-MI in patients who have tolerated DAPT 

for 1 year

63 105

Prasugrel (DAPT trial) 10 mg/d (5 mg/d if body weight 

<60 kg or age >75 years)

Post-PCI for MI in patients who have 

tolerated DAPT for 1 year

63 105

Ticagrelor 
(PEGASUS-TIMI 54)

60/90 mg b.i.d.a Post-MI in patients who have tolerated DAPT 
for 1 year

84 81

©
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Drugs (in addition to aspirin 75–100 mg/d) for extended DAPT treatment options are in alphabetical order. NNT refers to the primary ischaemic endpoints of the respective trials and NNH 
refers to the key safety (bleeding) endpoints. NNT and NNH numbers from the DAPT trial are pooled numbers for clopidogrel and prasugrel. 
b.i.d., bis in die (twice a day); CAD, coronary artery disease; COMPASS, Cardiovascular OutcoMes for People using Anticoagulation StrategieS; DAPT, dual antiplatelet therapy; DAT, dual 
antithrombotic therapy; MI, myocardial infarction; NNH, number needed to harm; NNT, number needed to treat; o.d., once a day; PAD, peripheral arterial disease; PCI, percutaneous 
coronary intervention; PEGASUS-TIMI 54, Prevention of Cardiovascular Events in Patients With Prior Heart Attack Using Ticagrelor Compared to Placebo on a Background of 
Aspirin-Thrombolysis In Myocardial Infarction 54. 
aThe 60 mg b.i.d. dose for ticagrelor was associated with reduced bleeding compared with the 90 mg b.i.d. dose and should be preferred for extended therapy >12 months.
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6.2. Antiplatelet therapy in patients 
requiring oral anticoagulation
Dual therapy with an oral anticoagulant (OAC) and one antiplate
let agent (aspirin or clopidogrel) may be considered beyond 1 year 
in patients at very high risk of coronary events, as defined in 
Table S9.

6.2.1. Acute coronary syndrome patients with atrial 
fibrillation
Single antiplatelet therapy with clopidogrel was first evaluated in the 
WOEST (What is the Optimal antiplatElet and Anticoagulant 
Therapy in Patients With Oral Anticoagulation and Coronary 
StenTing) trial, where 573 patients were randomized to DAT with 
an oral anticoagulant (OAC) and clopidogrel or to TAT with an 
OAC, clopidogrel, and aspirin 80–100 mg/day.147 Treatment was 
continued for 1 month after bare-metal stenting (35% of patients) 
and for 1 year after drug-eluting stent (DES) placement (65% of pa
tients). PCI was performed while on vitamin K antagonist (VKA) in 
half of the patients and one-third of patients presented with 
NSTE-ACS. Femoral access was used in the majority of patients 
(74%). The primary endpoint of any TIMI (Thrombolysis In 
Myocardial Infarction) bleeding was significantly reduced in the 
DAT arm compared with the TAT arm, while no significant differ
ences were observed in major bleeding. The rates of MI, stroke, tar
get vessel revascularization (TVR), and stent thrombosis were 
comparable between the two groups, but all-cause mortality was 
lower in the DAT group at 1 year.

In the ISAR-TRIPLE (Triple Therapy in Patients on Oral 
Anticoagulation After Drug Eluting Stent Implantation) trial, 614 pa
tients (one-third of whom presented with ACS) undergoing stenting 
and requiring OAC were randomly assigned to either 6 weeks or 6 
months of clopidogrel therapy in addition to aspirin and a VKA.148

The primary endpoint of death, MI, stent thrombosis, ischaemic 
stroke, or TIMI major bleeding at 9 months did not differ between 
the 6-week and 6-month TAT groups. The same was true for the 
combined incidence of death, MI, stent thrombosis, and ischaemic 
stroke. Furthermore, no significant difference in TIMI major bleeding 
was observed. Of note, 10% of patients in the WOEST trial and 7% 
of patients in the ISAR-TRIPLE trial had prosthetic heart valves. The 
subgroup analysis of WOEST showed that patients with prosthetic 
heart valves on DAT appeared to derive a similar benefit to the gen
eral population.

In PIONEER AF-PCI (A Study Exploring Two Strategies of 
Rivaroxaban and One of Oral Vitamin K Antagonist in Patients 
With Atrial Fibrillation Who Undergo Percutaneous Coronary 
Intervention), 2124 patients with atrial fibrillation (AF; [50% with 
ACS]) recently treated with stenting were randomized to rivaroxa
ban 15 mg once a day plus a P2Y12 receptor inhibitor for 12 months 

Table S8 Risk criteria for extended treatment with a 
second antithrombotic agent

High thrombotic risk (Class IIa) Moderate thrombotic 
risk (Class IIb)

Complex CAD and at least one criterion Non-complex CAD and at 
least one criterion

Risk enhancers

Diabetes mellitus requiring medication 

History of recurrent MI 
Any multivessel CAD 

Premature (<45 years) or accelerated (new 

lesion within a 2-year timeframe) CAD 
Concomitant systemic inflammatory 

disease (e.g. human immunodeficiency virus, 

systemic lupus erythematosus, chronic 
arthritis) 

Polyvascular disease (CAD plus PAD) 

CKD with eGFR 15–59 mL/min/1.73 m2

Diabetes mellitus requiring 

medication 
History of recurrent MI 

Polyvascular disease (CAD 

plus PAD) 
CKD with eGFR 15–59 mL/ 

min/1.73 m2

Technical aspects

At least three stents implanted 

At least three lesions treated 

Total stent length >60 mm 
History of complex revascularization (left main, bifurcation stenting with ≥2 

stents implanted, chronic total occlusion, stenting of last patent vessel) 

History of stent thrombosis on antiplatelet treatment ©
ES
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CAD, coronary artery disease; CKD, chronic kidney disease; eGFR, estimated glomerular 
filtration rate; MI, myocardial infarction; PAD, peripheral arterial disease. 
In line with guideline recommendations, CAD patients are stratified into two different risk 
groups (high vs. moderately increased thrombotic or ischaemic risk). Stratification of 
patients towards complex vs. non-complex CAD is based on individual clinical judgment 
with knowledge of the patient’s cardiovascular history and/or coronary anatomy. 
Selection and composition of risk-enhancing factors are based on the combined 
evidence of clinical trials on extended antithrombotic treatment in CAD patients and on 
data from related registries.141

Table S9 High-risk features of stent-driven recurrent 
ischaemic events

Prior stent thrombosis on adequate antiplatelet therapy

Stenting of the last remaining patent coronary artery

Diffuse multivessel disease, especially in patients with diabetes

Chronic kidney disease (i.e. creatinine clearance <60 mL/min)

At least three stents implanted

At least three lesions treated

Bifurcation with two stents implanted

Total stent length >60 mm

Treatment of a chronic total occlusion ©
ES
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(group 1), rivaroxaban 2.5 mg twice a day plus DAPT for 1, 6, or 12 
months (group 2), or standard therapy, consisting of a VKA plus 
DAPT for 1, 6, or 12 months (group 3).149 The P2Y12 receptor in
hibitor used most frequently was clopidogrel and DAPT was contin
ued for up to 12 months in 49% of patients. The primary endpoint of 
clinically significant bleeding events was significantly lower in the two 
groups receiving rivaroxaban than in the group receiving standard 
therapy. In ACS patients, the trend towards a reduced rate of clin
ically significant bleeding events was stronger in patients in group 
2 than in group 1. The rates of death from CV causes, MI, or stroke 
were similar in the three groups. All-cause death or re- 
hospitalization was significantly reduced at 1 year in the two groups 
who received rivaroxaban compared with the group who received 
standard therapy.

The RE-DUAL PCI (Randomized Evaluation of Dual Antithrombotic 
Therapy with Dabigatran versus Triple Therapy with Warfarin in 
Patients with Nonvalvular Atrial Fibrillation Undergoing Percutaneous 
Coronary Intervention) trial studied 2725 patients (50% with ACS) 
recently treated with stenting.150 Patients were randomized to 
TAT with VKA plus a P2Y12 receptor inhibitor and aspirin (for 1–3 
months) or DAT with dabigatran (110 mg or 150 mg b.i.d.) plus a 
P2Y12 receptor inhibitor (no aspirin). The P2Y12 receptor inhibitors 
used were primarily clopidogrel and ticagrelor (in 87% and 12% of pa
tients, respectively). The primary endpoint of major or clinically rele
vant non-major bleeding occurred in 15.4% of the 110 mg DAT 
group compared with 26.9% of the TAT group, and 20.2% of the 
150 mg DAT group compared with 25.7% of the corresponding 
TAT group. The trial also tested for the non-inferiority of DAT 
with dabigatran (both doses combined) to TAT with respect to the 
incidence of a composite efficacy endpoint of thrombo-embolic 
events (MI, stroke, or systemic embolism), death, or unplanned re
vascularization. The incidence of the composite efficacy endpoint 
was 13.7% in the two DAT groups combined compared with 
13.4% in the TAT group. However, RE-DUAL PCI was underpow
ered for individual ischaemic endpoints, such as stent thrombosis, 
which occurred twice as often in the 110 mg DAT group compared 
with the TAT group, albeit at low absolute incidences.

AUGUSTUS (An Open-Label, 2 × 2 Factorial, Randomized 
Controlled, Clinical Trial to Evaluate the Safety of Apixaban Versus 
Vitamin K Antagonist and Aspirin Versus Aspirin Placebo in Patients 
With Atrial Fibrillation and Acute Coronary Syndrome or 
Percutaneous Coronary Intervention) randomized 4614 patients 
with AF recently treated with PCI or presenting with ACS to either 
apixaban (5 mg b.i.d.) or a VKA.151 The trial had a two-by-two factor
ial design, with a P2Y12 receptor inhibitor administered to all patients 
for up to 6 months, while patients allotted to the apixaban or VKA 
groups were further randomized to either aspirin or placebo. The pri
mary outcome of major or clinically relevant non-major bleeding oc
curred in 10.5% of the patients receiving apixaban, compared with 
14.7% of those receiving a VKA, and in 16.1% of patients receiving as
pirin, compared with 9.0% of those receiving placebo. Secondary out
comes included death or hospitalization and a composite of ischaemic 
events. Patients in the apixaban group had a lower incidence of death 
or hospitalization than those in the VKA group (23.5 vs. 27.4%), which 
was mostly driven by reduced hospitalization, and a similar incidence 
of death or ischaemic events. Patients in the aspirin group had a similar 
incidence of death or hospitalization and of death or ischaemic events 
in comparison to the placebo group. However, there was a trend to
wards lower rates of MI and stent thrombosis in the aspirin group 
(2.9% vs. 3.6% and 0.5% vs. 0.9%, respectively).

The ENTRUST-AF PCI (Edoxaban Treatment Versus Vitamin K 
Antagonist in Patients With Atrial Fibrillation Undergoing 
Percutaneous Coronary Intervention) trial randomized 1506 pa
tients with AF successfully treated with PCI (50% presenting with 
ACS) to either edoxaban 60 mg daily plus a P2Y12 receptor inhibi
tor or a VKA plus DAPT with a P2Y12 receptor inhibitor and aspirin 
(for 1–12 months).152 The primary endpoint of major or clinically 
relevant non-major bleeding occurred in 17% of patients in the 
DAT group vs. 20% in the TAT group. The study showed non- 
inferiority for the primary endpoint but, in contrast to the other 
trials, the DAT strategy with edoxaban did not meet the criteria 
for superiority. Combined ischaemic events (CV death, stroke, sys
temic embolism, MI, or stent thrombosis) were not significantly dif
ferent between the groups (7% vs. 6%).
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6.3. Fibrinolysis and pharmaco-invasive strategy

Table S10 Doses of fibrinolytic agents and antithrombotic co-therapies

Drug Initial treatment Specific contraindications

Streptokinase 1.5 million units over 30–60 min i.v. Previous treatment with 
streptokinase or anistreplase

Alteplase (tPA) 15 mg i.v. bolus 
0.75 mg/kg i.v. over 30 min (up to 50 mg) 

then 0.5 mg/kg i.v. over 60 min (up to 35 mg)

Reteplase (rPA) 10 units + 10 units i.v. bolus given 30 min apart

Tenecteplase (TNK-tPA) Single i.v. bolus: 
30 mg (6000 U) if <60 kg 

35 mg (7000 U) if 60 to <70 kg 

40 mg (8000 U) if 70 to <80 kg 
45 mg (9000 U) if 80 to <90 kg 

50 mg (10 000 U) if ≥90 kg 

It is recommended to reduce to half dose in patients ≥75 years of age.153

Doses of antiplatelet co-therapies

Aspirin Starting dose of 150–300 mg orally (or 75–250 mg i.v. if oral ingestion is not possible), 

followed by a maintenance dose of 75–100 mg/day

Clopidogrel Loading dose of 300 mg orally, followed by a maintenance dose of 75 mg/day. 

In patients >75 years of age: loading dose of 75 mg, followed by a maintenance dose of 

75 mg/day.

Doses of anti-thrombin binding anticoagulant co-therapies

Enoxaparin In patients <75 years of age: 

30 mg i.v. bolus followed 15 min later by 1 mg/kg s.c. every 12 h until revascularization or 
hospital discharge for a maximum of 8 days. The first two s.c. doses should not exceed 

100 mg per injection. 

In patients >75 years of age: 
no i.v. bolus; start with first s.c. dose of 0.75 mg/kg with a maximum of 75 mg per injection 

for the first two s.c. doses. 

In patients with eGFR <30 mL/min, regardless of age, the s.c. doses are given once every 24 h.

Unfractionated heparin 60 U/kg i.v. bolus with a maximum of 4000 U followed by an i.v. infusion of 12 U/kg with a 

maximum of 1000 U/h for 24–48 h. Target aPTT: 50–70 s or 1.5 to 2.0 times that of 
control to be monitored at 3, 6, 12, and 24 h.

Fondaparinux (only with 
streptokinase)

2.5 mg i.v. bolus followed by an s.c. dose of 2.5 mg once daily for up to 8 days or until 
hospital discharge. ©

ES
C

20
23

aPTT, activated partial thromboplastin time; eGFR, estimated glomerular filtration rate; i.v., intravenous; rPA, recombinant plasminogen activator; s.c., subcutaneous; tPA, tissue plasminogen 
activator. 
Table adapted from 2017 Guidelines on management of acute myocardial infarction in patients presenting with ST-segment elevation.
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6.3.1. Comparison of fibrinolytic agents
A fibrin-specific agent is preferred.154 A single bolus of weight-adjusted 
tenecteplase tissue plasminogen activator (tPA) is equivalent to acceler
ated tPA in reducing 30-day mortality, but is safer in preventing non- 
cerebral bleeds and blood transfusion, in addition to being easier to 
use in the pre-hospital setting.155

6.3.2. Hazards of fibrinolysis and contraindications
Fibrinolytic therapy is associated with a small but significant excess of 
strokes, largely attributable to cerebral haemorrhage, with the excess haz
ard appearing on the first day after treatment.156 Advanced age, lower 
weight, female sex, previous cerebrovascular disease, being from a Black 
population, prior history of stroke, and systolic and diastolic hypertension 
on admission are significant predictors of intracranial haemorrhage.157

Advanced age is also associated with rupture of the LV free wall. In the latest 
trials, intracranial bleeding occurred in 0.9–1.0% of the total population 
studied.155,158,159 In the STREAM (Strategic Reperfusion Early After 
Myocardial Infarction) trial, the initial excess of intracranial haemorrhage 
in patients 75 years and older was reduced after a protocol amendment 
to reduce the dose of tenecteplase by 50%. Data from a number of studies 
suggest that major non-cerebral bleeds occurred in 4–13% of the patients 
treated.154,155,158,159 The most common site of spontaneous bleeding is the 
gastrointestinal tract. The risk of moderate to severe bleeding appears to be 
greater in women than in men. Administration of streptokinase may be as
sociated with hypotension, but severe allergic reactions are rare. 
Re-administration of streptokinase should be avoided, both because anti
bodies can impair its activity and due to the risk of allergic reactions. 
Short, successful resuscitation does not contraindicate fibrinolytic therapy. 
In patients with refractory cardiac arrest, lytic therapy is not effective, in
creases the risk of bleeding, and is not recommended. Prolonged/traumatic 
but successful resuscitation increases bleeding risk and is a relative contra
indication to fibrinolysis.160

6.4. Antithrombotic therapy in patients 
not undergoing reperfusion
Among ACS patients who are medically managed without revasculari
zation, the combination of aspirin and clopidogrel reduces the risk of 
CV death, MI, or stroke but increases the risk of major bleeding com
pared with aspirin alone.145 The combination of ticagrelor and aspirin 
has been associated with a lower risk of CV death, MI, or stroke com
pared with aspirin and clopidogrel in the overall PLATO (PLATelet in
hibition and patient Outcomes) trial, which was consistent in the 
medically managed population and across all ages.129,161,162 Overall 
bleeding risks did not differ between ticagrelor and clopidogrel in med
ically managed ACS patients, although observational data have sug
gested that ticagrelor should be used cautiously in patients aged 
≥80.161,163 In ACS patients ≥70 years, especially if higher bleeding 
risk, clopidogrel may provide a favourable alternative to ticagrelor.164

7. Acute coronary syndrome with 
unstable presentation
7.1. Out-of-hospital cardiac arrest in acute 
coronary syndrome
7.1.1. Healthcare systems and systems of care
Cardiac arrest centres should offer immediate multispecialty primary 
patient survey and stabilization with airway control and ventilatory op
timization, early targeted temperature management, urgent invasive 
cardiology for angiography and possible haemodynamic support, 
streamlined delivery of critical care services, cardiac electrophysiology, 
24-hour radiology including computed tomography and magnetic res
onance imaging, and specialist neurology services for neurological prog
nostication, as well as allied health specialties and access to 
rehabilitation services.165 Systematic reviews suggest that there is a 
lack of randomized clinical trial data supporting the use of cardiac arrest 
centres, though a large number of observational studies have reported 
improved outcomes with care in specialized centres.112,166 Some ana
lyses of registry data have reported that provision of care in specialized 
centres with capability for PCI for patients with resuscitated 
out-of-hospital cardiac arrest is associated with improved survival to 
hospital discharge and lower mortality at 1 year, although the evidence 
in this regard is mixed.167–170

8. Management of acute coronary 
syndrome during hospitalization
8.1. Coronary care unit/intensive cardiac 
care unit
Intensive cardiac care units (ICCUs) provide a higher degree of care in re
lation to other cardiology units, up to a telemetry cardiovascular ward. 
ACS presentations are heterogenous and associated with different levels 
of acuity and requirements for care.171 ACS and HF are common principal 
diagnoses in patients admitted to modern critical care or equivalent units, 
where continuous monitoring and specialized care can be provided.172,173

8.2. In-hospital care
8.2.1. Duration of hospital stay
A short hospital stay may result in limited time for proper patient edu
cation and up-titration of secondary prevention treatments. 

Table S11 Contraindications to fibrinolytic therapy

Absolute

Previous intracranial haemorrhage or stroke of unknown origin at any time

Ischaemic stroke in the preceding 6 months

Central nervous system damage or neoplasms, or arteriovenous 

malformation

Recent major trauma/surgery/head injury (within the preceding month)

Gastrointestinal bleeding within the past month

Known bleeding disorder (excluding menstrual)

Aortic dissection

Non-compressible punctures in the past 24 h (e.g. liver biopsy, lumbar 

puncture)

Relative

Transient ischaemic attack in the preceding 6 months

Oral anticoagulant therapy

Pregnancy or within 1-week post-partum

Refractory hypertension (systolic blood pressure >180 mmHg and/or 

diastolic blood pressure >110 mmHg)

Advanced liver disease

Infective endocarditis

Active peptic ulcer

Prolonged or traumatic resuscitation ©
ES
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Table adapted from 2017 STEMI Guidelines.
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Consequently, these patients should have early post-discharge consul
tations with a cardiologist, primary care physician, or specialized nurse 
scheduled and be rapidly enrolled into a formal rehabilitation pro
gramme, either in hospital or on an outpatient basis.174 Shorter lengths 
of stay do not appear to adversely affect adherence to discharge quality 
of care measures.175

8.2.2. Risk assessment
8.2.2.1. Clinical risk assessment
It is important to recognize that there are several GRACE risk scores, 
and each refers to different patient groups and predicts different out
comes.127,176–178 The GRACE risk score models have been externally 
validated using observational data.179 Online risk calculators are avail
able for other GRACE risk scores (i.e. www.outcomes-umassmed. 
org/risk_models_grace_orig.aspx for the GRACE risk score 1.0 and 
www.outcomes-umassmed.org/grace/acs_risk2/index.html for the 
GRACE risk score 2.0).

Given that the GRACE risk score predicts clinical outcomes, it en
ables stratification of patients according to their estimated risk of fu
ture ischaemic events. A GRACE risk score-based risk assessment has 
been found to be superior to subjective physician assessment for the 
occurrence of death or MI.180,181 Moreover, it is well recognized that 
the delivery of guideline-directed care is inversely related to the esti
mated risk of the patient with NSTE-ACS—the so-called risk–treat
ment paradox.182–184 This means that patients at highest risk often 
receive guideline-directed care less frequently. Guideline-directed 
care is associated with proportionally greater survival gains among 
those with higher baseline risk, therefore objective risk assessment 
may help to identify ACS patients who would most benefit from risk- 
determined care interventions.183,184 The Australian GRACE Risk 
score Intervention Study (AGRIS) and the ongoing UK GRACE Risk 
score Intervention Study (UKGRIS) have—or are for the first time 
—investigating the impact of the utilization of the GRACE risk score 
on outcomes of patients with NSTE-ACS in a randomized man
ner.185,186 The AGRIS cluster-randomized trial failed to demonstrate 
any add-on value, especially for the guideline-directed treatments, 
with routine implementation of the GRACE risk score.187 This was 
largely explained by better than expected performance of the control 
hospitals. Given temporal improvements in early mortality from ACS, 
the prediction of long-term risk is important.188 Deaths in the early 
phase following NSTE-ACS are more attributable to ischaemia/ 
thrombosis-related events, whereas in the later phase they are 
more likely to be associated with the progression of atherosclerosis 
and non-CV causes.189–192

Originally, the GRACE risk score was developed to estimate the risk 
of in-hospital death.127 In essence, all GRACE risk score models calcu
lated at hospital presentation use the same eight variables (four con
tinuous variables: age, SBP, pulse rate, and serum creatinine; three 
binary variables: cardiac arrest at admission, elevated cardiac biomar
kers, and ST-segment deviation; and one categorical variable: Killip class 
at presentation) for risk prediction. The weighting of these variables, 
however, differs according to the model version. Continuous variables 
have to be entered as a range rather than exact numerical values in 
GRACE risk score calculators (i.e. printable charts, web calculators, 
and mobile phone applications). GRACE risk score calculators then 
use midpoints of the selected ranges for risk estimation. For the 
GRACE risk score 2.0, a modified score can be calculated by 

substituting renal failure and use of diuretics for Killip class or serum 
creatinine values, respectively, if these are not available.193 Notably, 
the variables used by the GRACE risk score to predict post-discharge 
risk are different.176 The initially developed GRACE risk score for pre
dicting the risk of in-hospital death can be calculated using a paper 
sheet.127 Based on the results of a small study, utilization of an 
hs-cTn T assay—compared with a conventional assay—does not alter 
the discriminatory ability of the GRACE risk score.194 Notably, the 
GRACE risk score model versions 1.0 and 2.0 (each derived from po
pulations enrolled more than 10 years ago) likely overestimate risk, but 
discrimination into low and high risk remains good.181,195,196 The 
GRACE 3.0 score has recently been developed and is suggested to re
duce sex inequalities in risk stratification.197

8.2.2.2. Biomarkers for risk assessment
Quantifying the presence and severity of haemodynamic stress and HF 
using brain natriuretic peptide (BNP) or N-terminal pro B-type natri
uretic peptide (NT-pro BNP) concentrations in patients with left 
main CAD or three-vessel CAD without ACS may help the Heart 
Team decide whether to use PCI or CABG as the revascularization 
strategy of choice.198–201 However, this needs confirmation in RCTs 
and has not been tested in ACS patients so far. Similarly, natriuretic 
peptides provide prognostic information in addition to cTn.202–204

Other biomarkers, such as high-sensitivity C-reactive protein, mid- 
regional pro-adrenomedullin, growth differentiation factor 15, heart- 
type fatty acid-binding protein, and copeptin may also have some prog
nostic value.101,205–210 However, the assessment of these markers has 
not been shown to improve patient management, and their added value 
in risk assessment on top of the GRACE risk calculation and/or BNP/ 
NT-pro BNP levels appears to be marginal. Therefore, the routine 
use of these biomarkers for prognostic purposes is not recommended 
at present.

8.2.2.3. Bleeding risk assessment
In order to estimate bleeding risk, scores such as the Can Rapid risk 
stratification of Unstable angina patients Suppress ADverse outcomes 
with Early implementation of the American College of Cardiology/ 
American Heart Association guidelines (CRUSADE [in hospital]; 
www.mdcalc.com/crusade-score-post-mi-bleeding-risk) and the 
Acute Catheterization and Urgent Intervention Triage strategY 
(ACUITY) (30 day) bleeding risk scores have been developed. Both 
of these scores have reasonable predictive value for short-term major 
bleeding in ACS patients undergoing coronary angiography, with 
CRUSADE being the most discriminatory.211–213 Changes in interven
tional practice, such as the use of radial access for coronary angiography 
and PCI, as well as in antithrombotic treatment, may modify the pre
dictive value of risk scores. In addition, the predictive value of these 
scores has not been established in medically treated patients or in pa
tients on OACs. Given these limitations, the use of the CRUSADE 
bleeding risk score may be considered in patients undergoing coronary 
angiography to quantify in-hospital bleeding risk.

The assessment of bleeding risk according to the Academic 
Research Consortium for High Bleeding Risk (ARC-HBR) criteria is 
a valuable alternative to these risk scores.214–216 This consensus def
inition of patients at high bleeding risk (HBR) was developed to pro
vide consistency for clinical trials evaluating the safety and 
effectiveness of devices and drug regimens for patients undergoing 
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PCI.217 The ARC-HBR assessment represents a pragmatic approach 
that includes the most recent trials performed in HBR patients, 
who were previously excluded from clinical trials of DAPT duration 
or intensity.218–220 However, bleeding risk assessment based on 
ARC-HBR criteria may be difficult to apply in routine clinical practice 
as several of the criteria are quite detailed (Table S12).

8.2.2.4. Integrating ischaemic and bleeding risks
The DAPT and PREdicting bleeding Complications In patients undergo
ing Stent implantation and subsEquent Dual Anti Platelet Therapy 
(PRECISE-DAPT) scores have been designed to guide and inform 
decision-making on DAPT duration.221,222 The applicability of the 
PRECISE-DAPT score is at patient discharge, while the DAPT score 
is a bleeding risk estimation that is calculated at 1 year from the index 
event. The usefulness of the PRECISE-DAPT score was retrospectively 
assessed within patients randomized to different DAPT durations (n =  
10 081) to identify the effect on bleeding and ischaemia of a long (12–24 
months) or short (3–6 months) treatment duration in relation to base
line bleeding risk.222 Among HBR patients based on PRECISE-DAPT 
(i.e. PRECISE-DAPT score ≥25), prolonged DAPT was associated 
with no ischaemic benefit but an increase in the risk of bleeding 
events.222 Conversely, longer treatment in patients without HBR (i.e. 
PRECISE-DAPT score <25) was not associated with an increase in 
bleeding but was associated with a significant reduction in the compos
ite ischaemic endpoint of MI, definite stent thrombosis, stroke, and 
TVR. The findings remained valid in analyses restricted to ACS. 
However, for the majority of patients in the study, DAPT consisted 
of aspirin and clopidogrel. An external validation of the 
PRECISE-DAPT score in 4424 ACS patients undergoing PCI and trea
ted with prasugrel or ticagrelor showed a modest predictive value for 
major bleeding at a median follow-up of 14 months (c-statistic =  
0.65).223 The value of these risk prediction models in improving patient 
outcomes has not been established. The DAPT bleeding score has been 
less well validated, with a retrospective analysis in 1970 patients and a 
score calculation at a different time point (6 vs. 12 months) than in the 
derivation cohort used to generate the score.224

8.2.2.4. Evaluation of long-term risk before discharge
All patients should also have an evaluation of their long-term risk before 
discharge. This should include left ventricular ejection fraction (LVEF), 
complexity of CAD, completeness of coronary revascularization, re
sidual ischaemia, occurrence of complications during hospitalization, 
and levels of metabolic risk markers (including total cholesterol, 
low-density lipoprotein-cholesterol [LDL-C], high-density 
lipoprotein-cholesterol [HDL-C], fasting triglycerides, and plasma glu
cose, as well as renal function). As LDL-C levels tend to decrease during 
the first days after MI, they should be measured as soon as possible after 
admission. Patients who do not undergo successful reperfusion are at 
higher risk of early complications and death.225 These patients should 
have an assessment of the presence of residual ischaemia and, if appro
priate, myocardial viability.

9. Technical aspects of invasive 
strategies
9.1. Percutaneous coronary intervention
9.1.1. Intravascular imaging/physiology of the 
infarct-related artery
9.1.1.1. Intravascular imaging
The largest RCTs comparing intravascular ultrasound (IVUS)-guided PCI 
vs. angiography-guided PCI are the Impact of Intravascular Ultrasound 
Guidance on Outcomes of Xience Prime Stents in Long Lesions 
(IVUS-XPL) trial and the Intravascular Ultrasound Guided Drug Eluting 
Stents Implantation in ‘All-Comers’ Coronary Lesions (ULTIMATE) 
trial.226,227 The IVUS-XPL trial demonstrated, in 1400 patients (49% 

Table S12 Major and minor criteria for high bleeding 
risk according to the Academic Research Consortium 
for High Bleeding Risk at the time of percutaneous cor
onary intervention

Major criteria Minor criteria

Age >75 years

Anticipated use of long-term oral 

anticoagulationa

Severe or end-stage CKD (eGFR 

<30 mL/min)

Moderate CKD (eGFR 30–59 mL/ 

min)

Haemoglobin <11 g/dL Haemoglobin 11–12.9 g/dL for 

men and 11–11.9 g/dL for women

Spontaneous bleeding requiring 

hospitalization or transfusion in the 
past 6 months or at any time, if 

recurrent

Spontaneous bleeding requiring 

hospitalization or transfusion 
within the past 12 months not 

meeting the major criterion

Moderate or severe baseline 

thrombocytopeniab (platelet count 

<100 × 109/L)

Chronic bleeding diathesis

Liver cirrhosis with portal 

hypertension

Long-term use of oral 

non-steroidal anti-inflammatory 
drugs or steroids

Active malignancyc (excluding 
non-melanoma skin cancer) within 

the past 12 months

Previous spontaneous ICH (at any 

time) 

Previous traumatic ICH within the 
past 12 months 

Presence of a brain arteriovenous 

malformation 
Moderate or severe ischaemic 

stroked within the past 6 months

Any ischaemic stroke at any time 

not meeting the major criterion

Non-deferrable major surgery on 

dual antiplatelet therapy

Recent major surgery or major 

trauma within 30 days before 

percutaneous coronary intervention ©
ES
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CKD, chronic kidney disease; eGFR, estimated glomerular filtration rate; ICH, intracranial 
haemorrhage. 
Bleeding risk is high if at least one major criterion or two minor criteria are met. 
aThis excludes vascular protection doses.143

bBaseline thrombocytopenia is defined as thrombocytopenia before PCI. 
cActive malignancy is defined as diagnosis within 12 months and/or ongoing requirement 
for treatment (including surgery, chemotherapy, or radiotherapy). 
dNational Institutes of Health Stroke Scale score >5.
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with ACS) with long coronary lesions, a lower rate of MACE at 1 year for 
IVUS-guided than angiography-guided stent implantation (HR 0.48, 95% 
CI, 0.28–0.83; P = 0.007). The difference was attributable to a lower risk 
of ischaemia-driven target lesion revascularization (HR 0.51, 95% CI, 
0.28–0.91; P  = 0.02). A pre-specified subgroup analysis confirmed the 
MACE reduction (HR 0.35, 95% CI, 0.16–0.75) in ACS patients, with 
no significant interaction compared with non-ACS patients (P = 0.20). 
In 1448 all-comer patients (66% with UA and 12% with MI), the 
ULTIMATE trial showed significantly lower 12-month target vessel fail
ure (TVF) in the IVUS-guided group (HR 0.530, 95% CI, 0.312–0.901). 
A pre-specified subgroup analysis in ACS patients showed a significant 
TVR reduction (HR 0.56, 95% CI, 0.32–0.99), with no significant inter
action compared with non-ACS patients (P = 0.737). These findings 
were confirmed at 3 years, with a sustained lower TVF rate in the 
IVUS-guided group, driven mainly by the decrease in clinically driven 
TVR (4.5% vs. 6.9%; P = 0.05), especially in patients achieving 
IVUS-defined optimal procedural criteria.228

Two small RCTs have investigated the impact of optical coherence 
tomography (OCT) guidance vs. angiography guidance on surrogate 
endpoints. The Does Optical Coherence Tomography Optimize 
Results of Stenting (DOCTORS) study, randomizing 240 NSTE-ACS 
patients to OCT-guided PCI vs. angiography-guided PCI, reported a sig
nificant PCI functional result as suggested by higher post-PCI fractional 
flow reserve (FFR) with OCT guidance.229 Kala et al. randomized 201 
patients with suspected STEMI to either angiography-guided PPCI or 
PPCI with OCT guidance. OCT guidance led to post-PCI optimization 
in 29% of the cases (59% for malapposition and 41% for dissections); at 
9 months, OCT analysis showed significantly lower in-segment area 
stenosis in the OCT-guided group, with no difference in MACE.230

Two RCTs showed non-inferiority of OCT-guided PCI in comparison 
to IVUS-guided PCI. ILUMIEN III: OPTMIZE PCI (OCT compared to 
Intravascular Ultrasound and Angiography to Guide Coronary Stent 
Implantation: a Multicenter Randomized Trial in PCI) demonstrated simi
lar post-PCI minimum stent area between the OCT- and IVUS-guided 
PCI arms in 450 patients.231 At 12 months follow-up, target lesion failure 
and MACE were also not significantly different between the study 
arms.232 The OPtical frequency domain imaging vs. INtravascular ultra
sound in percutaneous coronary interventiON (OPINION) trial demon
strated similar TVF rates at 12 months with optical frequency domain 
imaging (OFDI)-guided PCI and angiography-guided PCI.233

9.1.1.2. Intravascular physiology
In ACS, the infarct-related artery (IRA) is affected to a variable extent 
by microvascular obstruction. Intracoronary physiology has been used 
in small observational studies to assess the success of myocardial reper
fusion by evaluating the degree of microcirculatory resistance. In ACS 
patients undergoing PPCI, the index of microvascular resistance 
(IMR) has been correlated with the extent of microvascular obstruction 
(MVO) and infarct size.234 IMR has also been correlated with LV re- 
modelling at follow-up and the extent of myocardial salvage.235 An 
IMR >40 (odds ratio [OR] 4.36, 95% CI, 2.10–9.06; P < 0.001) was 
an independent predictor of all-cause death or HF.236 Also, in patients 
with NSTE-ACS, post-PCI IMR in the IRA was the only independent 
predictor of MACE (HR 1.03, 95% CI, 1.01–1.05; P = 0.001).237 IMR 
is increasingly being used as a tool for risk stratification and/or as a sur
rogate endpoint to assess myocardial perfusion in phase II RCTs and has 
the potential to inform approaches to target microvascular dysfunction 
and reperfusion injury in ACS.238–240

9.1.2. Embolic protection and microvascular salvage 
strategies
9.1.2.1. Interventions to protect the microcirculation
Recent studies in animal models reported that mechanical unloading of 
the left ventricle before coronary reperfusion during acute MI (AMI) 
may reduce infarct size and activate a cardioprotective process.241–243

However, these findings were not confirmed in high-risk patients (with
out shock) presenting with STEMI.244 There are no data about the po
tential benefits of different types of mechanical circulatory support 
(MCS) in high-risk AMI patients. It remains unclear if a protective strat
egy would provide superior clinical benefits in patients with high-risk 
AMI compared with a door-to-balloon strategy.245

Experimental studies have reported that hypothermia induced prior 
to reperfusion significantly reduces infarct size and is more effective if 
initiated soon after acute coronary occlusion.246 However, RCTs using 
different methods of systemic hypothermia, such as cold saline infusion, 
endovascular cooling catheters, surface cooling, and peritoneal lavage 
alone or in different combinations, have so far failed to show significant 
reductions in infarct size beyond the salvage observed with PPCI.247–251

Selective intracoronary hypothermia is currently being investigated 
in the ongoing EURO-ICE (European Intracoronary Cooling 
Evaluation in Patients With ST-Elevation Myocardial Infarction) RCT 
(NCT03447834).

In pre-clinical and small-scale clinical trials, different strategies, such as 
coronary post-conditioning, remote ischaemic conditioning, early intra
venous (i.v.) metoprolol, glycoprotein (GP) IIb/IIIa inhibitors, drugs tar
geting mitochondrial integrity or nitric oxide pathways, adenosine, 
glucose modulators, hypothermia, and others, have been shown to 
be beneficial.252,253 However, no therapeutic intervention designed 
to limit reperfusion injury has translated into improved clinical out
comes. Early administration of the beta-blocker metoprolol has been 
shown to reduce the presence and extent of MVO in patients with an
terior STEMI in the METOCARD-CNIC (Effect of METOprolol in 
CARDioproteCtioN during an acute myocardial InfarCtion) trial.254

In this small trial (n = 270), early i.v. metoprolol was associated with 
smaller myocardial infarct size and improved long-term LVEF.255,256

The larger EARLY-BAMI (Early-Beta blocker Administration before re
perfusion primary PCI in patients with ST-elevation Myocardial 
Infarction) trial did not confirm the infarct-limiting effect of metopro
lol.257 Metoprolol was well tolerated in both trials and reduced the in
cidence of ventricular fibrillation. Differences in the timing of 
administration of metoprolol may explain the differences between 
trials.258 In animal models, metoprolol seems to reduce the time- 
dependent progression of infarction and therefore, it may make sense 
for it to be administered immediately after STEMI diagnosis in order to 
exert its cardio-protective effects.259 Recent data show that the pro
tective effect of metoprolol is not shared by all beta-blockers.260

Deferred stenting in PPCI has been investigated as an option to pre
vent MVO and preserve LVEF. Clinical trials have focused either on pa
tients with risk factors for no-reflow, such as heavy thrombus burden 
within the IRA, or a less selective approach involving all-comers with 
STEMI.261 In DEFER-STEMI (Deferred Stent Trial in STEMI), involving 
patients with risk factors for no-reflow, a strategy of minimal-touch bal
loon angioplasty, parenteral antithrombotic therapy and deferral of 
stenting for 12–48 hours reduced angiographic no-reflow and intrapro
cedural thrombotic events.262 In a less selected population (consisting 
of 1215 STEMI patients), the DANish Study of Optimal Acute 
Treatment of Patients with ST-segment Elevation Myocardial 
Infarction—Deferred versus conventional stent implantation in 
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patients with ST-segment elevation myocardial infarction (DANAMI-3– 
DEFER) reported that routine deferred stenting (at 48 h after the index 
procedure) had no effect on the primary clinical outcome (all-cause 
mortality, hospital admission for HF, recurrent MI, or unplanned revas
cularization of the IRA) or on microvascular function or infarct size at 3 
months.263,264 These findings were consistent with other trials with a 
broadly similar design and a meta-analysis.261,265,266 Routine deferred 
stenting was also associated with a higher need for acute TVR due to 
re-occlusion of the IRA.264 There are no RCTs of CABG in this setting. 
Based on these findings, routine deferral of stenting in STEMI is not re
commended. A deferred strategy may be useful in selected cases when 
the likelihood and clinical significance of no-reflow (e.g. heavy thrombus 
burden) are considered to be dominant.

9.2. Ongoing major trials
ILUMIEN IV: OPTIMAL PCI (OPtical Coherence Tomography Guided 
Coronary Stent IMplantation Compared to Angiography: a Multicenter 
Randomized TriaL in PCI) is a large, multicentre RCT that is currently 
enrolling. The sample size is approximately 3000 patients. The main ob
jective is to assess whether OCT-guided PCI improves clinical out
comes in patients with high-risk clinical characteristics, compared 
with standard angiography-guided PCI.267

Primary Unloading and Delayed Reperfusion in ST-Elevation 
Myocardial Infarction: The STEMI-DTU Trial (DTU-STEMI) is currently 
enrolling patients (NCT03947619; DTU = Door to Unload).

Selective intracoronary hypothermia is a novel treatment designed 
to reduce myocardial reperfusion injury and is currently being investi
gated in the ongoing EURO-ICE trial (NCT03447834).

10. Management of patients with 
multivessel disease
There is no supplementary material for this section.

11. Myocardial infarction with 
non-obstructive coronary arteries
11.1. Characteristics, prognosis, and 
symptoms at presentation
Compared with patients with obstructive CAD, ACS patients diag
nosed with MINOCA (myocardial infarction with non-obstructive cor
onary arteries) are more likely to be younger and female, and less likely 
to be diabetic, hypertensive, and dyslipidaemic. This suggests a predom
inant role of non-atherosclerotic-related aetiologies and a less promin
ent role of recognized CV risk factors.268–270

Contemporary studies of MINOCA patients report a 12-month all- 
cause mortality of 4.7%.272 Approximately 25% of patients with 
MINOCA will experience angina in the subsequent 12 months, which 
is similar to the frequency reported in patients with AMI and obstruct
ive CAD.273

In order to correctly diagnose and manage a patient with MINOCA, 
patient symptoms should be investigated thoroughly, along with the pa
tient’s full history (past and present) of potentially related health issues 
and assessment of risk factors (Table S13).

11.2. Invasive coronary angiography
The coronary angiogram enables an immediate detailed assessment of 
coronary anatomy and helps to clarify a final diagnosis. Coronary angiog
raphy reveals CAD and visually enables plaque characterization (erosion, 
rupture), including distribution, length, calcification, dissection, and 
thrombosis. The angiogram also reveals coronary artery blood flow 
and perfusion, which can be evaluated using standard criteria such as 
TIMI flow grade, TIMI frame count, and TIMI myocardial perfusion 
grade.274,275 Intracoronary administration of vasoactive medications 
such as glyceryl trinitrate or verapamil with repeated angiography can 
be diagnostically useful in patients with coronary spasm, allowing direct 
visualization of the response to therapy. Coronary angiography is also 
the reference method for the diagnosis of spontaneous coronary artery 
dissection (SCAD).276 Myocardial bridges, a commonly overlooked cause 
of angina in patients without obstructive CAD, and which can also pre
sent as ACS, are also readily visualized with coronary angiography.277

11.3. Functional coronary angiography
If coronary angiography fails to clarify the aetiology in patients with a work
ing diagnosis of MINOCA then adjunctive tests should be considered. 
Functional coronary angiography involves the combination of angiography 
with adjunctive diagnostic techniques, including intravascular imaging and 
physiological tests. The methodology for invasive testing of coronary vas
cular function has been extensively reviewed, notably by the Coronary 
Vasomotion Disorders International Study Group (COVADIS) and also 
in a recent consensus document in the context of CCS.278,279

Intracoronary acetylcholine or ergonovine testing may be performed 
when coronary or microvascular spasm is suspected.280,281

11.4. Intravascular imaging (intravascular 
ultrasound/optical coherence 
tomography)
Intracoronary imaging with IVUS or OCT can also be valuable for the 
detection of unrecognized causes of ACS during coronary angiography, 
especially when thrombus, plaque rupture or erosion, or SCAD are 
suspected.282,283 In addition, intravascular imaging provides information 
on plaque composition, burden and outward re-modelling that is not 
possible to appreciate using coronary angiography and is particularly 
helpful to clarify ambiguous coronary lesions.284

11.5. Left ventricular angiography, 
pressure, and function
Based on the initial working diagnosis, initial assessment of LV wall mo
tion should be promptly performed in the acute setting using LV angi
ography and/or echocardiography, depending on the renal function. 
Regional wall motion abnormalities may help confirm a final diagnosis 
of MI or indicate another specific underlying cause, such as takotsubo 
cardiomyopathy. A raised LV end-diastolic pressure (LVEDP; upper 
limit of normal is 12 mmHg) points to haemodynamic compromise 
due to impairment of systolic and/or diastolic dysfunction. Detecting 
a raised LVEDP may help to detect HF with preserved ejection fraction.

11.6. Non-invasive evaluation
Besides echocardiography and CMR, a computed tomography (CT) 
scan can be useful and can identify relevant findings in some cases 
(e.g. aortic dissection, pneumonia). Pulmonary embolism should also 
be considered as an alternative diagnosis in some cases and may be ex
cluded with additional D-dimer/BNP testing and/or CT pulmonary angi
ography as appropriate.285
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11.7. Management of myocardial infarction 
with non-obstructive coronary arteries

Table S13 Common manifestations of myocardial ischaemia symptoms in patients with MINOCA

Presentation of symptoms

MINOCA 
presenting as  
STEMI

Patients present more often with central chest pain 

Classically retrosternal, crushing, heavy, severe, and diffuse in nature 
Might be described by the patient as ‘pressing’ or ‘squeezing’ 

May occur at rest or on activity 

May be constant or intermittent, or wax and wane in intensity 
Sometimes radiating to the left arm, neck, or jaw

Associated symptoms

Nausea 

Vomiting 
Dyspnoea 

Light-headedness 

Palpitations 
Syncope 

Anxiety and or/ impending sense of doom

Be aware of patient groups who are more likely to present with other symptoms

Women, older patients, and patients with diabetes are more likely to present with less common symptoms 

Less common presentations may include descriptions of chest pain as burning, throbbing, tight, or a feeling like trapped wind 

The patient may describe indigestion rather than chest pain 
In the absence of chest pain, there may be epigastric pain, back (interscapular) pain, neck or jaw pain, or arm pain (typically left-sided) 

Patients may present with breathlessness, sweating, palpitations, dizziness, nausea, or vomiting but no chest pain.

MINOCA patients with common symptoms present more frequently with NSTEMI than STEMI

MINOCA  
presenting as  
NSTEMI

Prolonged (>20 min) chest discomfort at rest characterized by a retrosternal sensation of pain, pressure, or heaviness (‘angina’) radiating 
to the left arm, the right arm, both arms, the neck, or the jaw, which may be intermittent (usually lasting several minutes) or persistent 

New-onset (de novo) (<3 months) angina (Class II or III of the Canadian Cardiovascular Society classification) 

Recent destabilization of previously stable angina with at least Canadian Cardiovascular Society Class III angina 
characteristics (crescendo angina) 

Post-myocardial infarction angina

Additional symptoms may be present

Sweating 
Nausea/epigastric pain 

Dyspnoea 

Syncope

Less common presentations of symptoms are more often observed in the older patient, in women, and in patients with diabetes, chronic 

renal disease, or dementia.

Uncommon symptoms at presentation can be present

Isolated epigastric pain 

Fatigue 

Indigestion-like symptoms 
Dyspnoea ©
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MINOCA, myocardial infarction with non-obstructive coronary arteries; NSTEMI, non-ST elevation myocardial infarction; STEMI, ST-elevation myocardial infarction.
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12. Special situations
12.1. Complications
12.1.1. Heart failure
12.1.1.1. Mechanical complications

Table S14 Mechanical complications

Aspects to 
consider

Ventricular septal rupture Papillary muscle rupture Free-wall rupture

Onset Onset: 3–7 days from AMI Onset: 3–7 days from AMI Onset: 3–7 days from AMI

Clinical scenario New acute chest pain episode, cardiogenic 
shock, pulmonary congestion, right heart 

failure signs and symptoms.

New acute chest pain episode, cardiogenic 
shock, acute pulmonary oedema.

New acute chest pain episode, 
cardiogenic shock, cardiac arrest, signs 

of cardiac tamponade.

Diagnosis/ workup New cardiac murmur, echocardiographic 

evidence of ventricular septal defect, 
left-to-right ventricular shunt.

New cardiac murmur, echocardiographic 

evidence of mitral regurgitation with 
complete or partial rupture of PM 

(prolapse or flail of MV leaflet). Pulmonary 

hypertension. Hyperdynamic left ventricle.

Signs of cardiac tamponade, 

echocardiographic evidence of 
pericardial effusion, clots, contained 

rupture.

Management strategy Haemodynamic stabilization (vasodilator, 

diuretics, IABP, inotropes). 
If possible, delayed surgical repair (beyond 

7 days from diagnosis) with non-invasive or 

invasive systems like veno-arterial ECMO 
or other temporary percutaneous 

circulatory assist devices. 

Prompt surgery if refractory shock 
persistent or unresponsive right 

ventricular dysfunction develops.

Haemodynamic stabilization (vasodilator, 

diuretics, IABP, inotropes). 
If possible, delayed surgical repair (beyond 

7 days from diagnosis) with non-invasive or 

invasive systems like veno-arterial ECMO 
or other temporary percutaneous 

circulatory assist devices. 

Prompt surgery if refractory shock 
persistent or unresponsive right 

ventricular dysfunction develops.

Immediate surgery.

Surgical treatment Interventricular patch application. 

Prophylactic MCS in cases of left, right, or 

biventricular compromise and dysfunction. 
Heart transplant can be considered in 

patients with unsuccessful surgical repair 

and VSR recurrence with criteria for such a 
therapy and likely unsuccessful 

re-operation for VSR re-closure.

MV replacement (with rest of the native 

valve preserved besides resection of the 

involved PM and leaflet). 
In selected candidates (partial PM rupture), 

MV repair and PM reconstruction has been 

described.

Immediate surgery. 

Sutureless technique suggested if no 

large rupture present. 
Peri-operative support for reduced 

LVEDP

MCS as bridge to 

decision or surgery and 

peri-operative support

The use of MCS can improve 

compromised pre-operative patient 

conditions and/or help delay surgical repair 
to favour successful closure. 

The use of MCS, however, may have a 

substantial impact on underlying 
pathophysiology and septal shunt, 

potentially increasing the left-to-right 

shunt or even reversing the direction of 
blood flow, depending on the device and 

extent of circulatory support. 

MCS may also be prophylactically used to 
support the delicate peri-operative period 

and reduce the risk of patch dehiscence 

and VSR recurrence.

IABP to reduce MV regurgitant flow. MCS might be useful in the 

pre-operative and peri-operative phases 

to reduce LVEDP after repair to reduce 
the risk of rupture recurrence.

Continued 
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12.1.2. Post-acute coronary syndrome pericarditis
Early infarct-associated pericarditis (within the first 4 days after AMI, most
ly transient), late pericarditis or post-cardiac injury (Dressler) syndrome 
(typically 1–2 weeks after AMI) and pericardial effusion have become infre
quent in the era of PPCI and occur mostly with late/failed reperfusion or 
larger infarct size.286 Early pericarditis develops after AMI, with transmural 
necrosis causing inflammation of the adjacent pericardium. The patho
physiological mechanism in Dressler syndrome probably involves a hyper
sensitivity immune reaction in genetically predisposed individuals following 
the release of cardiac antigens during AMI.287

Diagnostic criteria do not differ from those for acute pericarditis and 
should include two of the following: (i) pleuritic chest pain (>80%); (ii) peri
cardial friction rub (>60%); (iii) suggestive ECG changes; and (iv) new or 
worsening pericardial effusion (>70%).288 The expected diffuse ST eleva
tion and PR depression on ECG may be overshadowed by changes due 
to AMI, but persistent upright T waves and new-onset positive T waves 
may be seen.286,289,290 Inflammatory markers may rise (>80% of cases), 
while troponin levels may increase due to epicardial involvement. 
Echocardiography may show pericardial effusion while CMR can show peri
cardial inflammation and explore the possibility of subacute myocardial rup
ture in patients with significant pericardial effusion (>10 mm) post-MI.289

Early post-infarction pericarditis is generally self-limiting. Treatment 
includes aspirin 500 mg every 8–12 hours, according to the clinical 
case. Prolonged treatment beyond 5–7 days is usually not required.286

In late pericarditis, first-line therapy includes aspirin (500–1000 mg 
every 6–8 hours until symptomatic improvement and then taper by 
250–500 mg every 2 weeks) and, as an adjunct, colchicine (0.5 mg every 
12 hours) for 3 months. Although pericarditis is associated with a larger 
infarct size, it does not carry independent prognostic significance.286

The use of antithrombotics and/or anticoagulants (in the presence of LV 
thrombus, AF, or other indications) in patients with post-infarction peri
carditis with or without pericardial effusion appears to be safe.291

12.1.3. Bleeding
12.1.3.1. Management of bleeding
12.1.3.1.1. Bleeding events on antiplatelet agents. Treatment op
tions in patients with ongoing bleeding while on antiplatelet therapy 
are limited. Platelet transfusion has been used extensively to improve 
platelet function in this setting, with different outcomes based on the 
type of antiplatelet therapy. Aspirin-inhibited platelet aggregation can 
be restored after transfusion of 2–5 units of platelets, whereas 
prasugrel- or clopidogrel-treated patients may need 4–6 h to restore 
platelet function after the last drug intake, and patients on ticagrelor 
may take ≥24 h to regain haemostatic competence.292–294

12.1.3.1.2. Bleeding events on vitamin K antagonists. The risk of 
bleeding events for patients on VKAs increases markedly when the 

international normalized ratio (INR) exceeds 4.5. Four RCTs have com
pared vitamin K1 with placebo in patients with an INR of 4.5–10 in the ab
sence of ongoing bleeding, though they have only showed benefit on the 
surrogate outcome of reversing supratherapeutic INRs more rapidly, with
out evidence of benefit for hard clinical outcomes.295,296 Vitamin K1 ad
ministration can be used in the absence of ongoing haemorrhage in 
patients with an INR >10, as the risk of bleeds may be substantial. In the 
presence of a major or life-threatening bleed on a VKA, a combination 
of vitamin K1 with a rapid reversal agent (i.e. prothrombin complex con
centrate, fresh frozen plasma, or recombinant activated Factor VII) should 
be considered.297

12.1.3.2. Bleeding events on non-vitamin K antagonist oral 
anticoagulants
After cessation of non-VKA oral anticoagulants (NOACs), improvement 
in haemostasis is to be expected within 12–24 h, unless patients have re
duced renal function. Intracerebral haemorrhage or bleeding involving a 
critical organ, such as the eye, warrants immediate attempts to neutralize 
the anticoagulant effect of the NOAC. The first-line reversal agent to con
sider is the specific dabigatran antidote idarucizumab, which has been ef
fectively tested in an uncontrolled phase III trial at a dose of 5 g i.v. in 
patients with uncontrollable overt bleeds or in patients requiring sur
gery.298,299 Prothrombin complex concentrates or activated prothrombin 
complex concentrates (i.e. with the addition of activated Factor VII) can be 
considered as second-line treatments when idarucizumab is not avail
able.299,300 Based on studies with prothrombin complex concentrates in 
pre-clinical models and in healthy volunteers, an initial dose of 25 U/kg is 
suggested, with repeat dosing if clinically indicated. Activated prothrombin 
complex concentrates (50 IE/kg, with a maximum of 200 IE/kg/day) may be 
considered if available. Although product information for some of the 
NOACs mentions the use of fresh frozen plasma to help control bleeding, 
it seems unlikely that this would counteract drug effects.297 Thus, plasma 
should be administered only for major or life-threatening bleeds with add
itional dilutional coagulopathy. Neither vitamin K1 nor protamine have a 
role in the management of NOAC-associated bleeds.

With patients treated with Factor Xa (FXa) inhibitors (apixaban, edox
aban, rivaroxaban), prothrombin complex concentrate should be the 
first-line treatment.299 A specific antidote for FXa inhibitors, 
andexanet alfa, has been tested in patients with acute major bleeding as
sociated with FXa inhibitors. At a dose of 400 mg bolus, followed by 
480 mg infusion over 2 h, andexanet alfa significantly reduced anti-FXa ac
tivity, with effective haemostasis occurring in 79% of patients.301,302

12.1.3.3. Bleeding events related to percutaneous coronary 
intervention
A pooled analysis of seven RCTs, including a total of 14 180 patients (with 
both stable CAD and NSTE-ACS), has shown that peri-procedural bleeds 

Non-surgical 

treatment

Intraseptal closure device (case report 

evidence), particularly in the presence of 

prohibitive surgical risk.

Edge-to-edge MV repair in selected 

candidates (case report evidence) 

particularly in the presence of prohibitive 
surgical risk.

Very few cases of transventricular 

closure have been described. Extremely 

difficult procedure with risk of 
deterioration and sudden cardiac arrest.

Palliative care Palliative care in the presence of very large 
VSR, not amenable to percutaneous 

closure attempt, and prohibitive risk of 

surgical approach.

Palliative care in the presence of 
prohibitive risk of surgical approach and 

unfeasibility of percutaneous procedure.

Palliative care (blood pressure control, 
aiming at chronicization and 

pseudoaneurysm formation) for 

delayed re-assessment. ©
ES
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AMI, acute myocardial infarction; ECMO, extracorporeal membrane oxygenation; IABP, intra-aortic balloon pump; LVEDP, left ventricular end-diastolic pressure; MCS, mechanical 
circulatory support; MV, mitral valve; PM, papillary muscle; VSR, ventricular septal rupture.
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are associated with a five-fold increase in 30-day mortality.303 Access site 
bleeding complications comprise ∼40–60% of peri-procedural 
bleeds.304,305 In a pooled patient-level analysis of seven RCTs, 1-year mor
tality was significantly higher in patients with access site bleeds compared 
with those without peri-procedural bleeds.305 Modifications of the peri- 
procedural antithrombotic regimen have been efficacious in reducing 
peri-procedural bleeds.306 The radial approach for coronary angiography 
and PCI has been shown to be superior to the femoral one in patients with 
ACS. The Minimizing Adverse Haemorrhagic Events by TRansradial 
Access Site and Systemic Implementation of angioX (MATRIX) trial 
showed a significant reduction in major bleeds, as well as all-cause mortal
ity, in patients allocated to the radial compared with the femoral ap
proach.307 In the randomized Instrumental Sealing of ARterial puncture 
site CLOSURE device versus manual compression (ISAR-CLOSURE) trial 
in 4524 patients undergoing diagnostic catheterization, the incidence of 
vascular site complications including bleeds was 6.9% after the use of vas
cular closure devices and 7.9% after manual compression.308 Even in the 
context of intensified antithrombotic therapy in ACS, the use of vascular 
closure devices was not associated with a reduction in bleeding complica
tions.304 Therefore, routine use of vascular closure devices with the goal 
of reducing peri-procedural bleeding complications cannot be 
recommended.

12.1.3.4. Bleeding events related to coronary artery bypass surgery
Bleeding events occur frequently during CABG in NSTE-ACS patients and 
are associated with the time elapsed between DAPT discontinuation and 
surgery.309 Bleeding events, as well as blood transfusions during CABG, 
have been associated with increased rates of morbidity and mortal
ity.310,311 Severe CABG-associated bleeds in patients on DAPT should 
be managed with platelet concentrates. Recombinant Factor VIIa should 
only be used for rescue therapy in patients with uncontrollable bleeding 
events in whom other correctable causes have been managed (e.g. hypo
thermia, coagulation factor deficiencies, fibrinogen deficiency) because of 
concerns regarding an increased risk of graft thrombosis.312

12.1.3.5. Transfusion therapy
Regardless of bleeding complications, the need for blood transfusion is 
associated with an approximately four-fold increase in early mortality 
and a three-fold increase in death or MI in ACS patients.313–315 The na
dir haemoglobin cut-off value mandating transfusion is not standardized 
and varies across hospitals.314,316,317 In the majority of studies investi
gating different transfusion protocols, a liberal blood transfusion strat
egy has been defined as any red blood cell transfusion at a haemoglobin 
level <9.0 g/dL, while a restrictive blood transfusion strategy has been 
defined as any transfusion at a haemoglobin level <7.0 g/dL.316,318,319 A 
meta-analysis of 10 studies totalling 203 665 patients (nine observation
al studies and one RCT with 45 patients) with ACS (both STEMI and 
NSTE-ACS) has reported that blood transfusion or a liberal transfusion 
strategy was associated with increased risk of all-cause mortality (18.2 
vs. 10.2%, relative risk [RR] 2.91, 95% CI, 2.46–3.44; P < 0.001) com
pared with no blood transfusion or a restrictive transfusion strategy.318

However, a transfusion or liberal transfusion strategy seemed to be as
sociated with a significantly higher risk of 30-day death only at a nadir 
haematocrit >25%.314,318 Observations from the CRUSADE initiative 
in 44 242 patients with NSTE-ACS reported that, among patients 
with haematocrit ≤24%, transfusions were associated with a trend to
wards a reduction in in-hospital mortality in comparison to no transfu
sion (11.8 vs. 15.0%, adjusted OR 0.68, 95% CI, 0.45–1.02). In patients 
with haematocrit between 25 and 30%, transfusions had a neutral 

effect, while in those with haematocrit >30%, a significant increase in 
mortality was observed.320 A meta-analysis of 31, largely unblinded, 
RCTs totalling 9813 patients (only a minority with NSTE-ACS) found 
no significant difference in primary clinical outcomes for a liberal vs. a 
restrictive blood transfusion strategy.321 An RCT (reported in 2015) 
was conducted in 2007 largely stable patients after cardiac surgery.322

The study found no significant difference between a liberal vs. a restrict
ive transfusion strategy for the primary outcome of 90-day morbidity, 
whereas the secondary outcome of total mortality was significantly in
creased in the restrictive strategy arm. Based on inconsistent study re
sults and the lack of adequately powered RCTs in the setting of 
NSTE-ACS, a restrictive policy of transfusion in anaemic patients may 
be considered. The effect of erythropoiesis-stimulating agents on the 
outcomes of ACS patients with anaemia has not been investigated. 
However, the accumulated evidence of these compounds in patients 
with congestive HF strongly suggested that they have no beneficial ef
fects on mortality rates and may be harmful due to an increased risk 
of thrombo-embolism and hypertension.316

12.2. Comorbid conditions
12.2.1. Patients at high bleeding risk and with blood 
disorders (anaemia and thrombocytopenia)
12.2.1.1. Thrombocytopenia following GP IIb/IIIa inhibitor therapy
Thrombocytopenia may occur during the course of therapy with GP IIb/ 
IIIa inhibitors.323 Therefore, in patients treated with GP IIb/IIIa inhibitors, 
the platelet count should be assessed within 8–12 h of the first drug ad
ministration, at the time of any bleeding complications, and again after 
24 h. GP IIb/IIIa inhibitor infusion must be discontinued if clinically relevant 
thrombocytopenia occurs. Platelet transfusions are recommended when 
there is active bleeding associated with profound thrombocytopenia, de
fined as a platelet count <20 000/mL.324 Platelet transfusion may be inef
fective while reversibly binding GP IIb/IIIa inhibitors (eptifibatide or 
tirofiban) remain in circulation (half-life is 2 h for both drugs). In patients 
with ongoing major bleeding, fibrinogen supplementation with fresh fro
zen plasma or cryoprecipitate may be considered, and other supportive 
measures may include i.v. immunoglobulins and corticosteroids. 
Patients who have experienced thrombocytopenia while on GP IIb/IIIa in
hibitors should avoid subsequent exposure.325–327

12.2.1.2. Heparin-induced thrombocytopenia
Non-immune-mediated mild thrombocytopenia (platelet count <100 000/ 
mL) presents within 48–72 h of the onset of unfractionated heparin (UFH) 
therapy, and generally resolves without complications despite continued 
UFH use. By contrast, immune-mediated heparin-induced thrombocyto
penia (HIT) is a potentially fatal prothrombotic disorder occurring in 0.5– 
3% of patients who receive either UFH, a low-molecular-weight heparin, 
or other heparin products. HIT should be suspected when the platelet 
count drops to <100 000/mL (although it does not usually drop <10  
000–20 000/mL). HIT usually occurs 5–10 days after a first UFH exposure, 
or within hours if a patient has previously received heparin. In the absence 
of heparin-dependent antibodies, re-exposure does not necessarily cause a 
relapse of HIT.328–330 Once HIT is suspected, all types of exposure to hep
arin (including flushes, coated catheters, etc.) must be discontinued. 
Prophylaxis against thrombosis with alternative antithrombotic therapy 
using non-heparin anticoagulants (e.g. argatroban, danaparoid) is indicated. 
Although not specifically approved for HIT, fondaparinux and bivalirudin 
are alternative antithrombotic agents. Bivalirudin is the recommended al
ternative to UFH for patients presenting with ACS who have a history of 
HIT. Platelet transfusions are not recommended.325–331
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12.2.2. Chronic kidney disease

12.2.3. Older adults with frailty and multimorbidity
12.2.3.1. The older person
The clinical characteristics of the older adult population are heteroge
neous, with factors like frailty, comorbidity, cognitive function, and 
health-related quality of life playing important roles in guiding clinical 
care.332,333 Older age is also associated with a greater risk of ischaemic 
and bleeding events in ACS.334 The clinical presentation of ACS in the old
er person is more often atypical.335 Among the atypical presentations, 
dyspnoea is the leading symptom, while syncope, malaise, and confusion 
are less frequently encountered. Older patients with STEMI are more like
ly to experience delays between symptom onset and hospital admission, 
partly due to atypical presentations and delays in seeking help.336

In the context of ACS, electrocardiographic ST elevation is less fre
quently present in older than in younger patients.337 Hs-cTn assays 
have an excellent diagnostic performance for diagnosing early MI in 
the older person, but the specificity of the test is lower than in younger 
patients, and elevated troponin levels are more commonly associated 
with conditions other than ACS.338

12.2.3.2. Frailty and multimorbidity
Frailty and multimorbidity may impact on the degree of benefit derived 
from an invasive approach. Frailty assessment tools focus on either 
phenotype or cumulative deficit models with physicians’ scaled judg
ment of activity, comorbidity impact, and dependency.

The number and severity of comorbidities are inversely related to 
rates of coronary angiography and PCI in patients with ACS. 
Comorbidity burden, as measured by the Charlson Comorbidity 
Index, predicts in-hospital and 1-year mortality in patients with ACS 
and is independently associated with adverse short-, medium-, and 
long-term outcomes after PCI.339,340

12.2.3.3. Pharmacotherapy in older and frail patients
There is no reason to withhold standard medical treatment strategies in 
older patients. Older patients have been enrolled in the study populations 
of many contemporary RCTs investigating CV pharmacotherapy, in which 
sub-analyses showed comparable results, to varying degrees, for older and 

Table S15 Recommended doses of antithrombotic agents in the acute care of patients with chronic kidney disease

Agent Normal renal function and stage 1–3 CKD  
(eGFR ≥30 mL/min/1.73 m2)

Stage 4 CKD (eGFR  
15–29 mL/min/1.73 m2)

Stage 5 CKD (eGFR 
<15 mL/min/1.73 m2)

Aspirin Loading dose of 150–300 mg orally followed by a maintenance dose 

of 75–100 mg/day

No dose adjustment No dose adjustment

Clopidogrel Loading dose of 300–600 mg orally followed by 75 mg/day No dose adjustment No information available

Ticagrelor Loading dose of 180 mg orally followed by 90 mg twice a day No dose adjustment Not recommended

Prasugrel Loading dose of 60 mg orally followed by 10 mg/day No dose adjustment Not recommended

Enoxaparin 1 mg/kg s.c. twice a day 

0.75 mg/kg s.c. twice daily in patients >75 years old

1 mg/kg s.c. once a day Not recommended

Unfractionated 
heparin

Before coronary angiography: 

bolus 60–70 IU/kg i.v. (maximum 5000 IU) and infusion (12–15 IU/ 

kg/h, maximum 1000 IU/h), target activated partial thromboplastin 

time 1.5–2.5 × control 
During PCI: 

According to activated clotting time or 70–100 IU/kg i.v. in patients 

not anticoagulated (50–70 IU/kg if concomitant with GP IIb/IIIa 
inhibitors)

No dose adjustment No dose adjustment

Fondaparinux 2.5 mg s.c. once a day Not recommended if eGFR <20 
mL/min/1.73 m2 or patient on 

dialysis

Not recommended

Bivalirudin Bolus 0.75 mg/kg i.v., infusion 1.75 mg/kg/h. 

If eGFR ≥30 and ≤60 mL/min/1.73 m2 reduce infusion dose to 1.4 mg/ 

kg/h

Not recommended Not recommended

Eptifibatide Bolus of 180 μg/kg i.v. followed by an infusion of 2.0 μg/kg/min for 

up to 18 h. 
If eGFR <50 mL/min/1.73 m2 reduce infusion dose to 1.0 μg/kg/min

Not recommended Not recommended

Tirofiban Bolus 25 μg/kg i.v. followed by 0.15 μg/kg/min Reduce infusion rate to 50% if eGFR 
<30 mL/min/1.73 m2

Not recommended
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Adapted from 2017 ESC Guidelines on management of acute myocardial infarction in patients presenting with ST-segment elevation. 
CKD, chronic kidney disease; eGFR, estimated glomerular filtration rate; GP, glycoprotein; i.v., intravenous; PCI, percutaneous coronary intervention; s.c., subcutaneous.
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younger patients. Therefore, in general, it is recommended that the same 
medical treatment strategies are applied in older ACS patients as in young
er patients. Very old patients were excluded in the majority of RCTs, and 
therefore caution should be exercised when extrapolating trial results to 
this patient population. Pharmacotherapy in the acute setting and in sec
ondary prevention should be adapted to renal function, comorbidities, co- 
medications, frailty, and specific contraindications.

In the secondary prevention of ACS, lipid-lowering strategies play an 
important role. There is evidence that lipid-lowering treatment in gen
eral (and especially with statins) leads to prognostic benefits in older pa
tients.341,342 Therefore, high-intensity lipid-lowering treatment is 
indicated for secondary prevention in older patients with ACS.

Antithrombotic treatment is mandatory in ACS patients, regardless 
of whether they undergo invasive management. Older patients are at 
particular risk of bleeding and other complications from acute as well 
as long-term antithrombotic therapies. This may partly be explained 
by the fact that renal function decreases with age and the prevalence 
of comorbidities is increased. Peri-procedural antithrombotic treat
ment is not different in older patients undergoing PCI but particular at
tention to proper dosing of antithrombotic therapies in this setting 
should be applied.343 Observational studies have reported frequent ex
cess dosing of antithrombotic therapies in older patients.344

For older patients who are at HBR, different strategies with regard to 
antiplatelet treatment can be applied to reduce bleeding events. DAPT 
duration can be shortened (<12 months) or treatment intensity modi
fied by de-escalating DAPT. Several RCTs have specifically enrolled old
er patients. The SENIOR (Short Duration of Dual antiplatElet Therapy 
With SyNergy II Stent in Patients Older Than 75 Years Undergoing 
Percutaneous Coronary Revascularization) trial (mean age 81 years, 
47% ACS) reported that 6 months of DAPT after DES implantation 
was safe with respect to ischaemic events in the ACS patient cohort.220

In another cohort of HBR patients (mean age 76 years, 49% ACS), a re
cent trial showed no negative impact on ischaemic events and a reduc
tion in bleeding risk with 1 month vs. up to 6 months of DAPT (the 
P2Y12 receptor inhibitor used was mostly clopidogrel) after implant
ation of a specific biodegradable-polymer sirolimus-eluting stent.345

Two ACS trials have investigated the benefit of a reduced prasugrel 
dose. In medically managed NSTE-ACS patients >75 years and in 
ACS patients treated with PCI (mean age 80 years), no reduction of is
chaemic endpoints was achieved with prasugrel 5 mg per day vs. clopi
dogrel, and the bleeding risk was numerically higher in ACS-PCI patients 
treated with prasugrel.346,347 Of note, the current Summary of Product 
Characteristics of prasugrel recommends a dose reduction from 10 mg 
to 5 mg per day in patients ≥75 years. An aspirin-free concept with ti
cagrelor monotherapy after 3 months of DAPT with aspirin and tica
grelor demonstrated a reduced bleeding risk without a signal of 
increased ischaemic risk compared with continued DAPT regardless 
of age.348,349 Importantly, the same treatment effects were seen in a 
subgroup of patients meeting the ARC-HBR criteria, which included pa
tients who were older and had a higher burden of comorbidities.350 In a 
sub-analysis of 2878 ACS patients aged over 75 years enrolled in the 
PLATO trial, the reduction of ischaemic events and overall safety of ti
cagrelor compared with clopidogrel was not found to be age depend
ent. Recent data from the SWEDEHEART (Swedish Web-System for 
Enhancement and Development of Evidence-Based Care in Heart 
Disease Evaluated According to Recommended Therapies) registry of 
14 005 patients with MI aged over 80 years discharged on DAPT 
with aspirin and clopidogrel or ticagrelor showed that ticagrelor treat
ment was associated with a higher risk of bleeding and death than clo
pidogrel.162,163 In the recent POPular AGE (Ticagrelor or Prasugrel 

Versus Clopidogrel in Elderly Patients With an Acute Coronary 
Syndrome and a High Bleeding Risk: Optimization of Antiplatelet 
Treatment in High-risk Elderly) trial with 1002 NSTE-ACS patients old
er than 70 years (mean age 77 years, 90% invasive management, 47% 
PCI, 17% CABG), DAPT with aspirin and clopidogrel vs. DAPT with as
pirin and a potent P2Y12 receptor inhibitor (ticagrelor 95%, prasugrel 
5%) for 12 months was compared.164 DAPT with clopidogrel led to 
fewer major and minor bleeding events and a trend towards a reduced 
rate of the combined net clinical benefit endpoint of all-cause death, MI, 
stroke, and bleeding, without an increase in MACE (CV death, MI, 
stroke). The discontinuation rate was twice as high with ticagrelor 
than with clopidogrel.

In patients with AF and ACS/PCI, DAT with a NOAC and a single anti
platelet drug reduces the risk of major and clinically relevant non-major 
bleeding events compared with TAT, especially with a VKA, without sig
nificantly increasing MACE.149–152,351 Therefore, DAT with a NOAC at 
the recommended dose for stroke prevention and single antiplatelet 
therapy (preferably with clopidogrel) for up to 12 months after a short 
period (up to 1 week) of TAT (with NOAC and DAPT with aspirin and 
clopidogrel) is recommended as the default strategy. In older patients 
with HBR, DAT should be shortened to 6 months by withdrawing the 
antiplatelet therapy and may be shortened further in older patients 
with very HBR, by clinical judgment; in older patients with high coronary 
ischaemic risk, TAT should be prolonged for up to 1 month, followed by 
DAT for up to 12 months. In ACS patients managed medically, available 
RCT data support DAT over TAT, with a single antiplatelet agent (most 
commonly clopidogrel) for at least 6 months.151

To summarize, the choice of antithrombotic agents and treatment 
strategy in the older ACS patient needs to be individualized, according 
to the patient’s specific ischaemic and bleeding risk, the occurrence of 
adverse events, presence of comorbidities, frailty, cognitive function, 
and co-medications. Appropriate dosing, particularly in relation to renal 
function and other pharmacological factors, needs to be ensured. 
Proton pump inhibitors should be used in patients on DAPT, DAT, 
or TAT who are at increased risk of gastrointestinal bleeding. There 
are no specific RCTs regarding ACS-related pharmacotherapy, espe
cially antithrombotic treatment, in frail patients.

12.2.4. Pregnancy
Cardiovascular disease in pregnancy is an increasingly important cause 
of maternal morbidity and mortality.352–355 AMI in pregnancy is asso
ciated with poor maternal and foetal outcomes, and the mortality 
rate is twice as high in cases where AMI occurred during the peri- 
partum period.356 Overall, the incidence of AMI is higher in multigravi
das and during the third trimester. In addition to traditional CV risk 
factors, other risk factors specific to pregnancy include pre-eclampsia, 
the presence of prosthetic valves, anaemia, and thrombophilia. 
Despite the increased risk of AMI in pregnancy, only 45% of cases 
are reported to undergo cardiac catheterization.355,357

Pregnant women with SCAD can have a more severe clinical presen
tation (i.e. acute HF and multivessel dissections) in comparison to 
patients with non-pregnancy-associated SCAD. Additionally, SCAD 
has high rates of recurrence (∼10% at 3-year follow-up) and 
MACE.358,359 Therefore, women of childbearing age with a history of 
SCAD should be carefully counselled regarding the risk of recurrent 
events. Pregnant women with SCAD can present with STEMI, and 
may also present with more serious conditions, such as cardiogenic 
shock. Clinical symptoms of SCAD include chest pain, dyspnoea, dia
phoresis, nausea, vomiting, and a ‘popping’ or ‘clicking’ sensation in 
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the chest. Coronary angiography is the first-line diagnostic imaging 
method in SCAD due to its wide availability. When there is diagnostic 
uncertainty, intracoronary imaging using OCT and IVUS can be used to 
allow detailed visualization of the arterial wall. In the majority of cases, 
arteries affected by SCAD heal spontaneously, and studies have sug
gested that revascularization is associated with high rates of failure.360

In patients with ongoing or recurrent ischaemia, haemodynamic in
stability or isolated left main dissection, it has been suggested that 
PCI should be performed if the anatomy is suitable.

Coronary vasospasm in pregnancy may present as ACS as a result of 
enhanced vascular reactivity to angiotensin II and noradrenaline, renin re
lease and angiotensin production due to decreased uterine perfusion in 
the supine position, and use of ergot derivatives to control 
pregnancy-related haemorrhage. The treatment is pharmacological, 
with vasodilators such as calcium channel blockers and nitroglycerine.361

The highest risks of ionizing radiation exposure to the foetus occur 
during organogenesis and the early foetal period, while the risk de
creases as pregnancy progresses from the second trimester. The re
commended mean radiation exposure to the unshielded abdomen is 
1.5 mGy, where <20% reaches the foetus, and procedures should fol
low the ‘as low as reasonably achievable’ radiation dose principle. 
Iodinated contrast material has not been reported to cause teratogenic 
effects. With regard to the pharmacological treatment of ACS, low- 
dose aspirin appears to be safe, but clopidogrel should only be used 
when essential and for the shortest duration of time.362

12.2.5. Drug abuse
Drug use in society is more prevalent in younger adults. Correspondingly, 
ACS occurring in an individual under the influence of psychotropic drugs is 
more common in younger individuals.363 Alcohol toxicity may occur with 
both acute and chronic excess intake. In the US National Inpatient Sample 
of patients hospitalized with AMI between 2005 and 2017, the proportion 
of cases associated with alcohol and illicit drug use exhibited generally in
creasing trends, with the exception of cocaine use.364

12.2.5.1. Acute coronary syndrome associated with alcohol 
dependence and illicit drug use
An ACS presentation can be caused by the CV effects of a toxic sub
stance or, alternatively, reflect the natural history of ACS in an individ
ual with atherosclerosis risk factors who at the time of the ACS is under 
the influence of alcohol and/or drug misuse. The complicating drug ef
fects may manifest in the nature of the ACS presentation and also 
through the behaviour of the individual. This may be especially relevant 
in relation to non-compliance with an invasive procedure.

Alcohol has cardio-depressant effects, which can lead to hypotension. 
Alcohol toxicity may also cause arrhythmias, in part due to associated 
electrolyte disturbances. Alcohol and drug misuse can also be associated 
with non-cardiac, multisystem problems complicating ACS, including 
subarachnoid haemorrhage, pancreatitis, trauma, and infection.

12.2.5.2. Acute coronary syndrome associated with illicit drug use
Amphetamines, cocaine, and 3,4-methylenedioxymethamphetamine 
(MDMA) have chronotropic and vasopressor effects, while benzodiaze
pines, codeine, and opiates have respiratory depressant effects. 
Cannabis use is associated with a rising trend for CV hospitalization, 
in particular, for arrhythmias and, to a lesser extent, acute MI.365

Drugs that have vasopressor effects can be associated with Type 1 MI 
secondary to coronary artery plaque rupture. In addition, the use of il
licit drugs with vasopressor effects may lead to atherothrombosis 

through systemic hypertension, haemodynamic stress, and shear effects 
on coronary artery plaque. Acute myocardial injury and Type 2 MI may 
occur as a consequence of tachyarrhythmias, leading to a blood supply/ 
demand mismatch. Illicit drugs with pressor effects can also induce cor
onary vasospasm. Sudden cardiac death is a recognized association.366

In a contemporary hospital registry with data from 2001 to 2015, 6.8% 
of ACS patients ≤50 years old presented with ACS associated with co
caine consumption.367 Compared with ACS patients without cocaine 
consumption, ACS patients with cocaine consumption exhibited a high
er incidence of in-hospital ventricular tachycardia and a higher risk of 
recurrent MI and CV death during follow-up of up to 5 years.367

Patients who have presented with ACS associated with alcohol and 
drug misuse have an increased likelihood of re-hospitalization and an ad
verse prognosis in the longer term.367 Identifying and targeting athero
sclerosis risk factors such as cigarette smoking is important. These 
individuals are likely to have sociodemographic factors that need to be 
addressed with social support and rehabilitation. Cardiac rehabilitation 
is particularly relevant to support compliance with secondary prevention. 
Clinical audit of social and cardiac rehabilitation is recommended. 
Systems for data collection should be in place in order to identify unwar
ranted variations in referral and adherence to rehabilitation programmes.

12.2.6. Patients with cancer
Cancer and its treatment are highly associated with CAD. Advances 
in therapies for cancer have resulted in a decline in mortality, thereby 
increasing life expectancy in cancer survivors. A substantial propor
tion of patients with active cancer or a history of cancer will present 
with CV disease, which is the leading cause of death in cancer 
survivors.368

Importantly, patients with active cancer have been excluded from 
RCTs for ACS. Cancer has additionally been omitted from all available 
risk stratification scores for the definition of ischaemic and bleeding 
risks. Moreover, most available studies have not differentiated between 
current vs. old cancer diagnoses, the type of cancer, and the presence/ 
absence of metastases.

Due to the under-representation of cancer patients in prospective 
randomized trials, recommendations concerning patients with cancer 
presenting with ACS are mainly provided by expert consensus 
papers.369,370

Table S16 Cancer treatment-related acute coronary 
syndrome

Accelerated atherosclerosis 

and plaque rupture

Androgen-deprivation therapies (GnRH 

agonists) 

Nilotinib, ponatinib, VEGF-TKIs, ICIs 
Radiation therapy

Vasospasm Fluoropyrimidines, nitrogen mustards, 
taxanes, vinca alkaloids, bleomycin, VEGF 

inhibitors, ICIs

Coronary thrombosis Alkylating agents (cisplatin, 

cyclophosphamide), VEGF-TKI, 

immunomodulatory drugs (lenalidomide, 
thalidomide), platinum chemotherapy, 

nilotinib, ponatinib, monoclonal antibodies 

(anti-VEGF, anti-CD20), proteasome 
inhibitors, ICIs ©
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GnRH, gonadotropin-releasing hormone; ICI, immune checkpoint inhibitor; TKI, tyrosine 
kinase inhibitor; VEGF, vascular endothelial growth factor.
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12.2.6.1. Pathophysiology
Cancer and CAD share several risk factors, with cancer patients being 
older and having traditional risk factors like smoking, obesity, diabetes, 
hypertension, hyperlipidaemia, and physical inactivity.368,369

In addition to the known effects on cardiac function, cancer chemo
therapy agents may affect the vascular system, including the coronary 
arteries. The mechanisms include coronary vasospasm, plaque rupture, 
or acute coronary thrombosis caused by endothelial damage 
(Table S16).369 Radiation therapy directly affects endothelial cells, lead
ing to a variety of manifestations ranging from accelerated atheroscler
osis to fibro-intimal thickening and thrombotic occlusion.370–372

Furthermore, cancer itself induces a pro-inflammatory and pro- 
thrombotic state associated with increased platelet activity and aggreg
ability.369 Rarely, primary cardiac tumours may cause coronary 
embolism or external coronary compression, leading to ACS.

12.2.6.2. Clinical presentation
Diagnosis and definitions of ACS in cancer patients are based, to date, 
on the same principles as in the general population. Clinical presenta
tion may be similar to that in patients without cancer; however, symp
toms of ischaemia may be atypical or masked by cancer or 
therapy-related side effects, and often a high index of suspicion is re
quired in order to secure an early diagnosis.

12.2.6.3. Initial management and acute multidisciplinary approach
Cancer patients presenting with ACS may be unstable and require 
multidisciplinary care in a specialized acute cardiology department 
with level 2 care and monitoring. A rapid diagnosis and differentiation 
between primary ACS and a complication secondary to cancer treat
ment are essential for the sometimes urgent discussion and decision 
about appropriate management, which may involve possible de- 
escalation of cancer therapy. The patient should be involved in the 
decision-making process as much as possible, especially with regard 
to changes to or interruption of cancer therapy, cardiac interventions, 
and strategic decisions about future cancer therapy.

12.2.6.4. Invasive strategy
Evidence-based management strategies are limited as cancer patients 
have been excluded from randomized trials and prospective studies. 
Observational data have reported differences in survival between pa
tients with active and previous cancer diagnoses as well as in patients 
with and without metastases. Moreover, no prospective RCT has eval
uated the risks and benefits of conservative vs. invasive strategies in pa
tients with cancer who present with ACS. Registry data show that 
patients with current cancer and ACS have at least a 50% increased 
risk of major adverse cardiovascular and cerebrovascular events 
(MACCE), bleeding complications, and in-hospital mortality in compari
son to patients without cancer. On the other hand, patients with a his
tory of cancer seem to bear no increased risk of adverse outcomes, 
with the exception of bleeding. Furthermore, current cancer is more 
often associated with a more conservative management strategy than 
those used in patients with no cancer or history of cancer.368,373

Lung cancer is associated with the highest mortality and MACCE, 
while colon cancer is associated with the highest bleeding risk, with 

breast and prostate cancer patients having fewer complications. In pa
tients with metastatic cancer and ACS, PCI is not associated with a 
mortality benefit in comparison to conservative treatment.374

Patients with high-risk ACS should always be evaluated for invasive 
management since PCI is associated with lower mortality in such pa
tients. On the contrary, a conservative approach may be appropriate 
in non-high-risk ACS patients who have a poor cancer prognosis and/ 
or HBR.369

12.2.6.5. Antithrombotic treatment
Patients with a history of cancer should be treated in the same way as all 
other ACS patients. For patients with active cancer, treatment should be 
individualized according to the type and treatment of cancer, the type of 
ACS management, the need for further cancer treatment after ACS, the 
level of pro-coagulant state, anaemia, and thrombocytopenia.369

According to the ARC-HBR criteria, patients with an active cancer 
diagnosed in the past 12 months are regarded as having HBR. In such 
patients the combination of aspirin (300 mg loading dose [LD]/75– 
100 mg maintenance dose [MD]) and clopidogrel (300–600 mg LD 
/75 mg MD) can be recommended if the platelet count is >10 000/μL 
for aspirin and >30 000/μL for the combination. Ticagrelor and prasu
grel should not be used because of the HBR and the paucity of data in 
patients with active cancer, but they could be discussed in patients with 
previous stent thrombosis while taking aspirin and clopidogrel, with 
strict surveillance of bleeding risk.369

12.2.6.6. Thrombocytopenia and cancer
About 10–25% of cancer patients have thrombocytopenia (platelet 
count <100 000/μL). Although bleeding is more frequent in ACS patients 
with thrombocytopenia, aspirin use is not associated with a higher bleed
ing risk and is associated with a survival advantage.375,376 It is therefore 
recommended by experts that aspirin should be given to all patients 
with a platelet count >10 000/μL.369,370 Thrombocytopenia should not 
exclude patients from an invasive approach, which is associated with im
proved outcome after ACS in cancer patients.377,378

12.2.6.7. Cancer treatment
Interdisciplinary discussion is necessary for patients with a direct rela
tion of cancer treatment to the generation of ACS, and in these patients 
an alternative cancer treatment should be considered. In cases of cor
onary vasospasm due to cancer therapy that cannot be changed, a re- 
challenge with the same treatment under close monitoring is negotiable 
when underlying CAD has been excluded or treated. The concomitant 
use of a calcium antagonist in combination with a long-acting nitrate and 
aspirin can be prescribed, although it is not unequivocally effective.369

12.2.7. Coronavirus disease (COVID-19)
Cardiovascular comorbidities are common in patients with coronavirus 
disease 2019 (COVID-19), and the presence of CVD is associated with 
severe COVID-19 and higher mortality. Cardiac manifestations are as
sociated with worse outcomes of COVID-19.

Evidence of acute cardiac injury with raised troponin levels appears in 
COVID-19 patients several days after initiation of fever, suggesting 
myocardial damage associated with viral infection. Mechanisms of 
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SARS-CoV-2-induced myocardial injury remain elusive, but it may be 
secondary to a direct effect of the virus on the myocardium, hypoxia, 
and/or myocardial inflammation in the context of a systemic immune 
response.379,380

Chest pain and breathlessness are frequent symptoms in patients di
agnosed with COVID-19. The same ECG diagnostic criteria for cardiac 
conditions apply in patients affected by SARS-CoV-2 infection and in 
the general population.

In patients hospitalized with COVID-19, mild elevations in cTn are in 
general the result of pre-existing cardiac disease and/or the acute injury/ 
stress related to COVID-19.

SARS-CoV-2 infection is associated with an increased thrombotic 
burden.381,382 However, COVID-19 does not change the management 
(including organized networks) of patients with ACS.383 A PPCI strat
egy remains the treatment of choice for STEMI patients.384

Fibrinolysis is indicated (always within the first 12 h of MI) only in those 
in whom PCI-mediated reperfusion is not anticipated to occur within 
120 min of STEMI diagnosis.

Reports have highlighted the unfavourable prognosis of ACS patients 
with concomitant COVID-19 disease.385,386 Therefore, appropriate 
vaccination against COVID-19 is recommended for ACS patients.

13. Long-term treatment

13.1. Lifestyle management
13.1.1. Nutrition and alcohol

13.1.2. Resumption of activities
Resuming prior activities, including returning to work, engaging in per
sonal and social activities, driving and travelling are important compo
nents of recovery after ACS. Returning to work is an important 
indicator of recovery. A recent review of observational data showed 
that male, younger, educated, non-manual workers or those who 
owned their own business, patients who evaluated their general and 
mental health highly, and those with shorter hospitalization, and fewer 
comorbidities and complications were more likely to return to work 

after an MI.387 Offering adequate psychosocial and vocational support 
as required is an important part of comprehensive cardiac 
rehabilitation.11,388

In 2013, the European Union issued standards on driving and CVD. 
However, laws can vary between countries and local regulations 
should always be consulted before advising patients. An aircraft envir
onment generally does not pose a significant threat to CV health and 
is safe in revascularized post-ACS patients with stable symptoms and 
no HF.389 Patients who have suffered ACS with complications, espe
cially with accompanying low LVEF (<40%) or who have undergone 
CABG, should postpone air travel until their condition is more 
stable.389 Further, patients should always be advised to consult their 
insurance company and airline as rules and regulations for air travel 
for patients with chronic conditions may vary considerably.

13.1.2.1. Sexual activity
Counselling and advice from healthcare providers about sexual activity 
should be offered. Resumption of sexual activity is important to pa
tients, and they often worry if it is going to harm them. Information 
on when they can resume activity according to their physical ability 
should be given. Information should be provided regarding a low risk 
of sudden death or AMI when sexual activity is with a stable partner 
in a familiar environment, and that they should avoid large meals and 
alcohol beforehand. Reassure the patient that if they can climb two 
flights of stairs this is the equivalent to the amount of expended energy 
needed during sexual activities. People who are physically active have 
less of a risk of adverse events during sexual activity.2 In patients with 
a recent intake of a phosphodiesterase 5 inhibitor (within 24 h for sil
denafil or vardenafil and 48 h for tadalafil), nitrates should not be 
administered.

13.1.2.2. Environmental factors
Air pollutants have been estimated to be one of the 10 leading risk fac
tors for global mortality.390 Exposure to air pollution increases the risk 
of MI as well as hospitalization and death from HF, stroke, and arrhyth
mia.391,392 Patients with CCS should avoid strenuous outdoor exercise 
in heavily polluted areas (for instance in heavily traffic-congested 
areas).393 Air purifiers with high-efficiency particulate air filters reduce 
indoor pollution, and wearing N95 respirator face masks in heavily pol
luted areas has been shown to be protective.394,395 Studies have also 
shown that environmental noise increases the risk of CVD.396

Policies and regulations that reduce air pollution and environmental 
noise should be supported, and patients should be advised regarding 
these risks.

13.2. Pharmacological treatment
13.2.1. Lipid-lowering therapy
Given the extensive RCT evidence of prognostic benefits, statins 
are the first choice for pharmacological LDL-C lowering.397 The higher 
the patient’s CV risk and the greater the achieved LDL-C reduction, the 
greater the absolute risk reduction by statin-mediated LDL-C lower
ing.398 In the ACS setting, the routine early use of high-intensity statin 
therapy is associated with rapid and sustained clinical benefits.399 It is 
therefore recommended that high-intensity statin therapy (e.g. with 
atorvastatin or rosuvastatin) is initiated as early as possible, during 
the first 1–4 days of hospitalization for the index ACS, and prescribed 
up to the highest tolerated dose in order to reach the LDL-C goals.400

The intensity of statin therapy should be increased in patients receiving 
low- or moderate-intensity statin treatment at presentation. If the

Table S17 Characteristics of a healthy diet

Adopt a more plant-based and less animal-based food pattern

Increase consumption of fruit to ≥200 g per day

Increase consumption of vegetables to ≥200 g per day

35–45 g of fibre per day, preferably from whole grains

30 g unsalted nuts daily

1–2 servings of fish per week (one to be oily fish)

Limited lean meat, low-fat dairy products, and liquid vegetable oils

Red meat should be reduced to a maximum of 300–500 g a week; 

processed meat should be minimized

Saturated fats to account for <10% of total energy intake; replace with 

polyunsaturated fats

Trans-unsaturated fats as low as possible; preferably no intake from 

processed food, and <1% of total energy intake

≤5 g of salt per day

If alcohol is consumed, limit intake to two glasses (20 g) daily for men and 
one glass for women (10 g), or a total of 100 g per week

Avoid energy-dense foods such as sugar and sweetened soft drinks11
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LDL-C goals are not achieved with the maximum tolerated dose of a 
statin after 4–6 weeks following the ACS event, combination with eze
timibe is recommended.400 Efficacy in terms of CV event reduction and 
the safety of ezetimibe treatment have been demonstrated in post-ACS 
patients.401

Proprotein convertase subtilisin/kexin type 9 (PCSK9) inhibitors (the 
monoclonal antibodies evolocumab and alirocumab) are very effective 
in reducing LDL-C, regardless of baseline LDL-C and baseline 
lipid-lowering therapy, with ∼50–60% lowering of LDL-C. Of note, 
PCSK9 inhibitor treatment also reduces lipoprotein(a) levels by ap
proximately 25%.402 In large outcome trials, both evolocumab and alir
ocumab led to a significant reduction in CV events in patients with 
stable atherosclerotic cardiovascular disease (ASCVD) including 
CAD, and in post-ACS patients, respectively, with a good safety profile 
and no apparent negative effects on liver, muscles, glucose metabolism, 
kidneys, and cognitive function, but also no impact on mortality during 
trial follow-up.403–406 Patients with a higher absolute CV risk, such as 
those with recent or multiple ACS events, or concomitant peripheral 
arterial or polyvascular disease, experience greater absolute risk reduc
tions with PCSK9 inhibitor treatment (‘highest risk, highest bene
fit’).407–409 Sub-analyses showed that patients who achieved the 
lowest LDL-C values with PCSK9 inhibitor treatment also had the low
est risk of future MACE.410 Very low levels of LDL-C (below 40 mg/dL) 
were generally well tolerated in the outcome trials using ezetimibe and 
PCSK9 inhibitors, and LDL-C lowering to these levels was associated 

with even lower CV event rates.410–413 Data from the FOURIER 
(Further Cardiovascular Outcomes Research with PCSK9 Inhibition 
in Subjects with Elevated Risk) trial with evolocumab showed a consist
ent linear relationship between the achieved LDL-C level and major CV 
outcomes down to LDL-C concentrations of <0.2 mmol/L, without 
safety concerns around these very low LDL-C levels.410 For secondary 
prevention, in patients with ACS not achieving their LDL-C goal on a 
maximum tolerated dose of a statin and ezetimibe, combination ther
apy with a PCSK9 inhibitor is recommended.400 The optimal timing 
of PCSK9 inhibitor treatment initiation remains to be determined. 
Post-hoc analyses of the outcome trials indicate that early initiation 
may be beneficial. A recent trial investigating PCSK9 inhibitor treatment 
initiation in the acute phase of ACS showed that evolocumab added to 
high-intensity statin therapy was well tolerated and resulted in early 
substantial reduction of LDL-C levels, with >95% of patients achieving 
the currently recommended LDL-C goals within 4–8 weeks.414 The ini
tiation of PCSK9 inhibitor treatment is recommended in patients with 
ACS who do not reach their LDL-C goal after 4–6 weeks of maximum 
tolerated statin and ezetimibe therapy. In patients who present with 
ACS and whose LDL-C levels are not at goal despite already taking a 
maximally tolerated statin dose and ezetimibe prior to the event, the 
addition of a PCSK9 inhibitor early after the event (during hospitaliza
tion for the ACS event if possible) should be considered. In 
statin-intolerant patients, first ezetimibe and secondly PCSK9 inhibitors 
should be used to achieve LDL-C goals.

How can I improve my heart health after an acute coronary syndrome?

If you smoke, discuss with
your doctor or nurse how

they can support you to stop

Don’t smoke

Try to eat a balanced
Mediterranean-type diet, with 

lots of fruit and vegetables

﻿Eat healthily

Not drinking alcohol is best.
 If you do drink, discuss with 
your doctor or nurse how to 

cut down

﻿Avoid alcohol

Try to exercise to the  point
of breathlessness, aiming for 

150 min a week,
spread over 5 days

Exercise regularly

Make sure to see 
your doctor regularly

to get a check-up

﻿See your doctor

Take the medications that
your doctor has 

prescribed for you

﻿Take your medications

Make sure to get your
flu vaccine each year

﻿Get your �u vaccine

Know your BMI, LDL (bad) 
cholesterol and blood pressure. 
Discuss with your doctor/nurse 

how to reach your goals

﻿Know your numbers

If you are feeling stressed, 
discuss with your doctor 

how you can try to manage this

﻿Manage your stress

Figure S5 Information for patients on how to optimize their ‘heart health’ after an acute coronary syndrome. BMI, body mass index; LDL, low-density 
lipoprotein.
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The recent REDUCE-IT (Reduction of Cardiovascular Events With 
Icosapent Ethyl–Intervention Trial) trial with 8179 patients (70% with 
established CV disease) on statin therapy and with elevated triglycer
ides demonstrated a beneficial effect of icosapent ethyl, a highly purified 
and stable eicosapentaenoic acid ethyl ester, given at a high dose of 2 g 
twice a day, on a composite of CV death, MI, stroke, coronary revascu
larization, or UA compared with placebo.415 MACE (CV death, MI, or 
stroke) and CV death were significantly reduced as well. Therefore, ico
sapent ethyl, at a dose of 2 g b.i.d., may be considered in combination 
with a statin in patients with ACS and triglyceride levels of 1.5– 
5.6 mmol/L (135–499 mg/dL) despite statin treatment.400

Recently, new compounds have become available for the treatment 
of hypercholesterolaemia. Bempedoic acid is a novel, first-in-class, oral 
small molecule that inhibits cholesterol synthesis by inhibiting the action 
of ATP citrate lyase, an enzyme upstream of HMG-CoA reductase. In a 
phase III trial in 2230 ASCVD patients on maximally tolerated statin 
therapy and a mean LDL-C level of 103 mg/dL, treatment with bempe
doic acid 180 mg per day lowered LDL-C by ∼18% vs. placebo.416

Interestingly, high-sensitivity C-reactive protein was also significantly 
lowered, and there was no effect on muscle-related symptoms. 
Bempedoic acid was also tested in statin-intolerant patients and in com
bination with ezetimibe.417 An alternative approach targeting PCSK9 
uses RNA interference. The small interfering RNA molecule inclisiran 
is an injectable compound with long-lasting effects on PCSK9 synthesis 
and is administered subcutaneously every 6 months. Inclisiran was 
tested in two phase III trials in patients with ASCVD on maximally tol
erated statin therapy, with or without other LDL-C-lowering agents.418

A meta-analysis combining these two RCTs with a trial in patients with 
heterozygous familial hypercholesterolaemia, including a total of 3660 
patients, demonstrated that inclisiran treatment reduced LDL-C by 
∼50% over a time course of 18 months, with stable effects on 
LDL-C for ≥6 months after each injection. A high percentage of pa
tients achieved LDL-C reductions ≥50% and an LDL-C threshold 
<50 mg/dL.419 No specific serious adverse events were observed. 
There are no outcome data available yet; a large CV outcomes trial is 
currently comparing inclisiran against placebo in patients with prior 
MI or stroke. New therapeutic options with alternative targets, espe
cially those using RNA-based technologies (among others targeting 
lipoprotein(a), ANGPTL3, and ApoCIII), are currently being investi
gated and are at various stages of clinical development.420

13.2.2. Hormone replacement therapy
The risk of ACS increases in post-menopausal women. With observation
al study data implying a potential cardio-protective benefit of hormone re
placement therapy (HRT) with oestrogen and progestin, several large 
trials were initiated in the 1990s to further test the hypothesis.421,422

However, the results showed that HRT actually increased CVD risk. 
Therefore, HRT should not be prescribed for cardio-protective purposes 
in post-menopausal women. Whether ongoing HRT in women 

presenting with ACS should be discontinued is less well established.423,424

Individual evaluation, taking the indication for HRT, the patient’s symp
toms, patient’s preferences, and overall CVD risk into account, should 
precede any decision on HRT discontinuation post-ACS.

14. Patient perspectives
Increased patient participation in their healthcare improves patient self- 
efficacy, health outcomes, and quality of life.425 Collaborative manage
ment using the best available evidence leads to better treatment 
compliance, better self-care, improved health literacy, better medica
tion adherence, decreased anxiety and depression, and fewer 
hospitalizations.426

14.1. Patient-centred care
Using a shared decision-making approach allows patients’ needs, pre
ferences, and decisions to be established.

Explicitly asking the question ‘What matters most to you?’, and espe
cially ‘Why does this matter most?’, will provide a more holistic picture 
and assist with the design of a personalized ACS care plan. This provides 
crucial information, which is necessary to deliver patient-centred care.

Patient-centred care improves patients’ ability to handle information 
and have a better understanding of shared documentation. This ap
proach particularly benefits those patients with lower levels of educa
tion.427,428 Actively involving family and friends (according to the 
patient’s wishes) in the care process means their contribution to pa
tient recovery is augmented through person-centred care.427 These 
models allow patients to feel included and heard, which improves the 
quality of care received and positively affects patient satisfaction. This 
ultimately improves patient health outcomes and enhances their quality 
of life by delivering care more appropriate to their own health needs.

14.2. Informed consent
The ‘teach back’ method (Figure S6) confirms that the patient has 
understood the clinical information provided. The simple question 
‘Do you understand?’ does not confirm actual understanding. 
Similarly, the closed question ‘Do you understand what I have told 
you?’ does not allow the clinician to assess if the patient/family member 
has understood what has been said to them. To assess understanding of 
informed consent an open-ended question such as ‘Can you tell me 
what risks from the procedure make you more concerned?’ is 
preferable.

Informed consent is an ethical and legal obligation for medical practi
tioners and is required before any invasive procedure. The patient must 
be competent and have the capacity to make a voluntary decision. 
Informed consent should preferably be part of a process and should in
clude the components listed in Table S18.429,430
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Providing written information before the procedure, in an 
easy-to-understand format, prepares the patient and family for a struc
tured conversation.

Patients with ACS may have difficulty adhering to healthy lifestyles and 
medication regimens, which may be caused by false or poor comprehen
sion of the informed consent process. Informed consent is not just a sig
nature—it also relates to patient education and patient understanding in 
relation to what is being done and why.431 Information given to patients 
undergoing PCI is heterogeneous, varies in the amount and quality, risks 
are forgotten, benefits overestimated, and alternative treatments not al
ways considered.430 It is essential to make sure the patient understands 
what has been discussed during the consenting process.

It has been reported that patients do not always remember or 
understand the information given to them.430,432 Using decision aides 
and educational interventions can improve recall of the decision-making 
process by improving patient knowledge. The use of decision aids when 
discussing risk can also improve risk perception.430

Information should be provided in a simple, clear, and unbiased for
mat. Between 27% and 48% of patients in Europe have inadequate 
health literacy, which impacts on the ability of patients to manage their 
own care.433 Health literacy refers not only to the patient’s knowledge 
of health information, but also their ability to understand, access, ap
praise, and apply information to make informed decisions after judging 
all available material.434

Ask the patient
to explain the
concept back

to you

Explain a
new concept 

(i.e. a procedure)

Ask the patient
to explain the

concept back again

Review the points
missed or incorrectly

interpreted

The ‘teach back’ technique

Figure S6 Informed consent process using the ‘teach back’ technique.
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14.3. Research participation and consent in 
the acute setting
The main aspect of informed consent for a clinical trial is to allow 
the patient or their surrogate to decide to participate or decline en
rolment, and to inform the patient of the key aspects of the 
study.432 The Declaration of Helsinki permits waiving consent for 
clinical trials for acute conditions when patients are unconscious 
and surrogates cannot provide consent within an appropriate time
frame.435 When the patient is unconscious a surrogate can act on 
the patient’s behalf for making the decisions for participation in 
trials. It has been reported that when patients were asked about 
which approach to informed consent was most appropriate, a ma
jority were happy that they were asked to be in a study, whereas 
some would prefer that the cardiologist makes the decision and 
asks for consent later.432

Patients who are conscious and not mentally impaired should be in
volved in enrolment decisions. It has been reported that when wit
nessed verbal consent was used for STEMI patients, the majority of 
patients had recall of being included in the study and a positive opinion 
about being asked to participate. The majority of patients also stated 

that they did not want more comprehensive information during the 
initial informed consent discussion.436 It is important to have contact 
with the patient after the intervention, as many patients and surro
gates may have poor understanding or forget the information that 
was given to them, even when assessed shortly after consenting.432

Patients view post-hoc consent negatively, therefore medical staff 
should help facilitate the patient’s expectations and preferences, as 
most patients want to be involved in the enrolment process.432,436,437

It has been reported that decisional regret was low and patients felt 
they were given enough information for deciding to participate in 
studies (written consent).432 To avoid the risk of including a patient 
unwillingly in a trial, communication between the physician and pa
tient/surrogate, allowing the patient/surrogate the chance to decline 
participation, is crucial. Using a short verbal informed consent pro
cess, followed by complementary written information after the acute 
phase, is seen as adequate from the patient’s point of view. 
Improvement in the written format of the consent form, making it 
short, simple, and clear in language, can improve the process for 
both research purposes and normal care.

The consent process for ACS patients and patients participating in 
trials can differ according to presentation and the need for acute inter
vention. The standard process may need to be shortened due to time 
constraints. It is recommended to use a shortened verbal informed 
consent process in patients undergoing emergency invasive angiog
raphy, and when including patients in trials in the emergency setting, 
written consent should be considered after the acute phase.

14.4. Patient-reported outcome measures 
and patient-reported experience 
measures
Patient-reported outcome measures (PROMs) are standardized, vali
dated tools used to measure the patient’s reported status of their 
health condition, coming directly from the patient without interpret
ation. PROMs can be used for generic purposes or for a specific condi
tion, and when chosen should be a reliable and validated tool for the 
condition under evaluation. They measure the patient’s perception of 
their quality of life, status of disease, and general health. PROMs are 
used in the pursuit of improving care and can help determine the cost- 
effectiveness of clinical interventions.438

Patient-reported experience measures (PREMs) report the patient’s 
perception of care given to them by assessing the following domains 
that impact patients’ perception of safe, effective, patient-centred, 
timely, efficient, and equitable care.439,440

PROMs and PREMs can be used to assess the quality of care for ACS 
patients during their patient journey. The quality of care of ACS pa
tients should be measured during the patient’s journey from initial pres
entation until discharge.441 PREMs are usually gathered in a survey 
format and differ from satisfaction surveys in that they do not allow 
subjective views or comments.440 Training of staff in the correct use 
of PROMs and PREMs, and how to apply and use the information cor
rectly, is needed for proper evaluation.

Patient perception and expectations of care are built on interperson
al interactions, quality of clinical interactions, delivery of care, and the 
administrative management of care. Each ACS patient has individual 
ideas and perceptions about how they should be treated and what con
stitutes the best possible care. Therefore, patient-centred care is im
portant as it recognizes and incorporates the values and wishes of 
the patient when providing the healthcare needed.

Table S18 Components needed for informed consent

Components of discussion Needed information

The nature of the procedure • What the procedure entails

• Aim of procedure

• Condition warranting the 

procedure

• Procedure itself

• X-ray exposure and the C-arm

• Access site

• Personnel in room

• Medication given during 

procedure

• Position on table

• Possibility of discomfort or pain 

from the procedure

Risks and benefits of the procedure • Complications that can occur

• Outcome to expect

Reasonable alternatives • Coronary artery bypass grafting 
vs. stenting

• Medical therapy only

• No treatment

Risk and benefits of alternatives • What could happen if they decide 

to have no treatment

• Complications that can occur 

from alternative treatment

• Expected outcomes of the 

alternative treatment

Assessment of the patient’s 

understanding of information given

• Use ‘teach back’ technique to 

evaluate patient’s understanding ©
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14.5. Preparation for discharge
There is a need for a different approach to communicating with ACS 
patients at the time of discharge. Patient-centred care that allows per
sonal narratives to emerge may enable healthcare professionals to offer 
an individualized care plan, with guidance for ACS patients that will help 
them cope with the everyday challenges they experience after 
discharge.442

Upon hospital discharge the patient should receive a copy of their 
discharge letter/document, including therapeutic targets and informa
tion on follow-up care.443–446 In addition, patient information leaflets 
are also helpful, but should use plain language, avoid medical terms 
and abbreviations, highlight important information, and use pictures 
and a large font size.430,443–447

All aspects of self-care should be reviewed with the patient before 
discharge to help the patient’s understanding. This may help improve

Table S19 Patient expectations and clear communica
tion for patients with acute coronary syndrome

Components of clear communication for patients with ACS

Clear communication is 
required in…

✓ Interpersonal interactions

✓ Clinical quality interactions

✓ Care delivery interactions

✓ Administrative interactions

Patient expectations How patient expectations 
can be met

To be able to recognize my 
symptoms of ACS

✓ Awareness/understanding of risk 

factors: both ‘traditional’ risk 
factors and other, e.g. 

female-specific and ethnicity risk 

factors

✓ Know how/where/when to seek 

appropriate help

Right care at the right time ✓ All symptoms to be taken 

seriously

✓ Help in articulation of symptoms

✓ Appropriate questions asked 

and a detailed/full history taken

✓ Timely care to all-comers, 

irrespective of age, sex, ethnicity, 
body habitus, or social 

background

High-quality, effective and 
safe care delivered by 
professionals

✓ Healthcare staff to be highly 

skilled/trained

✓ Healthcare staff to have 

excellent interpersonal/ 

communication skills

✓ Protocols and guidelines are 

adhered to

✓ Care without judgment/bias

✓ Information flow—keep patient 

updated

Clear, comprehensible 
information and health 
literacy taken into account

✓ Awareness of levels of patient 

health literacy

✓ Explanations/information given 

in simple terms

✓ Use every encounter as an 

opportunity for patient 
education

✓ Check for understanding using, 
e.g. teach back technique

✓ Check for understanding of 
medication regimen and side 

effects of medications

✓ Check for understanding of 

treatment/care plan

✓ Check for understanding of 

long-term lifestyle and risk 

management

Continued 

✓ Check for understanding of 

potential intervention plan in the 

event of re-occurrence of new/ 
related symptoms

Consider not only physical, but 
mental and emotional 
well-being

✓ Emotional support, empathy, 
and respect

✓ Adequate psychological and 
emotional insights into the 

patient’s priorities

✓ Awareness of cognitive impact in 

relation to presentation/ 

circumstance

✓ Reassurance

Shared decision-making and 
respect for preferences

✓ Ask patients: ‘What matters to 

you?’ ‘Why?’

✓ Personalized care plan that 

includes all dimensions

✓ Precision medicine with 

person-centred care

Consideration/involvement 
of, and support for, family and 
carers

✓ Take a biopsychosocial 

perspective

Readiness for discharge ✓ Support for self-care

✓ Realistic conversations

✓ Information on disease, 

treatment plan, medication, pain 

control, secondary prevention

✓ Information provided orally and 
in written form

✓ Check for understanding

✓ Copies of patient discharge 

letter and other relevant 
documents

Continuity of care ✓ Within hospital

✓ Transition to primary care/ 

onward care/referral

✓ Cardiac rehabilitation
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medication adherence and decrease the risk of complications, including 
re-admission.430,448

The patient’s priorities about what they want to know are not always 
correctly perceived by the healthcare professional, and the priority of 
the patient’s needs with regard to information change from the time 
of admission through to, and after, discharge.

When teaching patients, it is important to appreciate that the 
level of health literacy for each individual is different: many patients 
have low health literacy, so it may be useful to provide information 
in portions and check for understanding after each piece is 
provided.447

There are many new medications and recommendations for changes 
in lifestyle that a patient receives upon discharge—using the teach back 
method or motivational interviewing is recommended as an approach 
to educating the patient and/or surrogate.

Patient concerns and educational needs throughout their ACS jour
ney are summarized in Figure S7.

Table S20 Preparation for discharge

Patient discharge plan 
Instructions/information

Primary care provider 
Discharge summary

Discharge information 
(verbal and written) 
should include:

Discharge letter to primary 
care provider should include:

1 • Educate the patient: lifestyle 

changes (tailored to patient 

profile)
• Diet

• Smoking cessation

• Body weight
• Exercise

Risk factors and history 

Cardiovascular risk factors and 

history

2 Educate the patient:
• Reason for hospitalization

• Diagnosis

• Medications
• Procedures and test results

• Warning symptoms, and 

what to do and who to call 
if problems arise

• Knowing risks with delaying 

treatment

Reason for admission (symptoms, 
electrocardiogram changes, 

troponin) 

• Main diagnosis (Dx) (ST-elevation 
myocardial infarction [STEMI], 

non-ST-elevation myocardial 

infarction [NSTEMI], unstable 
angina [UA])

• Additional Dx (heart failure, 

diabetes mellitus, arrhythmia)

3 Invasive Angiography extent of 

disease, culprit lesion, was complete 
revascularization performed or is 

further revascularization planned?

4 Left ventricular ejection fraction at 

discharge (%)

5 Results of laboratory values 

and need to follow up pending 

results

Main lab values 

• Estimated glomerular filtration 

rate
• Peak troponin

• Glycosylated haemoglobin 

(HbA1c)
• Low-density 

lipoprotein-cholesterol (LDL-C) 

(admission)

6 Medications: 

• Confirm correct 
medications at discharge 

(emphasizing any changes 

from admission)
• Inform and educate patient 

regarding the purpose of 

the medications, how to 
take them correctly, 

Discharge treatment: 

Aspirin(dose) 
P2Y12 inhibitor (reason for choice) 

Beta-blocker 

Angiotensin-converting enzyme 
(ACE) inhibitor 

Lipid-lowering drug 

Proton pump inhibitor 
Specific: 

• Hypertension

Continued 

potential adverse side 

effects, and doses

• Check for understanding of 
the medicine regimen

• Provide an up-to-date 

written medication list
• Instruct patient how to 

obtain medications

• Additional lipid lowering

• Heart failure

• Anticoagulant
• Anti-arrhythmic treatment

• Implanted cardioverter 

defibrillator or life vest

7 Need for cardiac rehab and 

follow-up

Therapeutic targets (for patient 

profile) 

• LDL-C (reason for adding 
ezetimibe)

• HbA1c reason for increase/ 

change in treatment
• Duration of dual antiplatelet 

therapy: 

• Type and duration
• Mention of high bleeding or 

high ischaemic risk

• Strategy if using chronic 
anticoagulation 

Other risk factors of lifestyle 

(tailored to patient profile)
• Diet

• Smoking cessation

• Body weight
• Exercise

8 Contact information of 
primary care provider 

Appointments for follow-up 

care 
Outpatient services and 

medical equipment

Structured follow-up: 
• Time of first cardiology visit

• Time of first cardiac rehabilitation 

visit
• Time of other tests
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15. Gaps in evidence
Some of the gaps in evidence reported are addressed by the following 
ongoing trials.

DROP-Asian is an international stepped-wedge cluster randomized 
clinical trial investigating the implementation of the 0 h/1 h ESC algorithm 
in patients with suspected NSTE-ACS in Asia (Umin Id: UMIN000042461).

PRECISE1MI is a multicentre, prospective stepped-wedge cluster 
randomized clinical trial aiming to evaluate the clinical implementation 
of the ESC 0 h/1 h algorithm and its safety and efficacy for the diagnosis 
of AMI compared with the current algorithm, in nine different countries 
worldwide (NCT05649384).

CODE-MI (hs-cTn-Optimizing the Diagnosis of Acute 
Myocardial Infarction/Injury in Women) is a multicentre, stepped- 
wedge, cluster randomized trial that aims to assess the impact of 
using the women-specific 99th percentile cut-off for high hs-cTn, 
compared with uniform 99th percentile cut-offs, on the diagnosis, 
treatment, and outcomes of women presenting to the ED with sus
pected ACS.449

Results from the ongoing SENIOR-RITA (The older patients 
Randomised Interventional Trial in Acute non-ST elevation myocar
dial infarction) (NCT03052036) RCT comparing conservative and 
invasive management strategies in the context of NSTEMI are 
awaited.

Pre-hospital

Identification
of source of
symptoms

Alleviation of 
symptoms

Need for
 emergency care Survival

Understanding
 the event

Management 
of symptoms

Impact of ACS 
on daily life

Mental/emotional 
response

Understanding
of information

provided

Ability to
self manage

Future care plans Recovery

Explanation 
of symptoms

Management
 plan

Explanation 
of cath lab

Information on 
working diagnosis

Introduction to
 the ward/CCU

Explanation 
of test results

Explanation 
of diagnosis

Consideration of 
psychosocial factors

 Information on 
medications

Information on 
lifestyle factors

Plan for out-patient
discharge and
cardiac rehab

Information
on symptom
monitoring

Patient educational needs and information priorities change over time

Preparing for discharge: Patient concerns and educational
needs throughout their ACS journey

In-hospital Discharge

Patient
concerns

Patient
educational

needs

Figure S7 Patient concerns and educational needs throughout their ACS journey. ACS, acute coronary syndrome; CCU, cardiac care unit; OPD, out
patient department.

40                                                                                                                                                                                               ESC Guidelines



16. References
1. Thygesen K. ‘Ten Commandments’ for the Fourth Universal Definition of Myocardial 

Infarction 2018. Eur Heart J 2019;40:226. https://doi.org/10.1093/eurheartj/ehy856
2. Collet JP, Thiele H, Barbato E, Barthélémy O, Bauersachs J, Bhatt DL, et al. 2020 ESC 

Guidelines for the management of acute coronary syndromes in patients presenting 
without persistent ST-segment elevation. The Task Force for the management of 
acute coronary syndromes in patients presenting without persistent ST-segment ele
vation of the European Society of Cardiology (ESC). Eur Heart J 2021;42:1289–1367. 
https://doi.org/10.1093/eurheartj/ehaa575

3. Roe MT, Harrington RA, Prosper DM, Pieper KS, Bhatt DL, Lincoff AM, et al. Clinical 
and therapeutic profile of patients presenting with acute coronary syndromes who do 
not have significant coronary artery disease. Circulation 2000;102:1101–1106. https:// 
doi.org/10.1161/01.CIR.102.10.1101

4. Roffi M, Patrono C, Collet JP, Mueller C, Valgimigli M, Andreotti F, et al. 2015 ESC 
Guidelines for the management of acute coronary syndromes in patients presenting 
without persistent ST-segment elevation: Task Force for the Management of Acute 
Coronary Syndromes in patients presenting without persistent ST-segment elevation 
of the European Society of Cardiology (ESC). Eur Heart J 2016;37:267–315. https://doi. 
org/10.1093/eurheartj/ehv320

5. Thygesen K, Alpert JS, Jaffe AS, Chaitman BR, Bax JJ, Morrow DA, et al. Fourth univer
sal definition of myocardial infarction (2018). Eur Heart J 2019;40:237–269. https://doi. 
org/10.1093/eurheartj/ehy462

6. Chapman AR, Shah ASV, Lee KK, Anand A, Francis O, Adamson P, et al. Long-term 
outcomes in patients with type 2 myocardial infarction and myocardial injury. 
Circulation 2018;137:1236–1245. https://doi.org/10.1161/CIRCULATIONAHA.117. 
031806

7. Neumann JT, Sorensen NA, Rubsamen N, Ojeda F, Renné T, Qaderi V, et al. 
Discrimination of patients with type 2 myocardial infarction. Eur Heart J 2017;38: 
3514–3520. https://doi.org/10.1093/eurheartj/ehx457

8. Nestelberger T, Boeddinghaus J, Badertscher P, Twerenbold R, Wildi K, Breitenbücher 
D, et al. Effect of definition on incidence and prognosis of type 2 myocardial infarction. J 
Am Coll Cardiol 2017;70:1558–1568. https://doi.org/10.1016/j.jacc.2017.07.774

9. Kuznetsova T. Sex differences in epidemiology of cardiac and vascular disease. Adv Exp 
Med Biol 2018;1065:61–70. https://doi.org/10.1007/978-3-319-77932-4_4

10. Virani SS, Alonso A, Aparicio HJ, Benjamin EJ, Bittencourt MS, Callaway CW, et al. 
Heart disease and stroke statistics-2021 update: a report from the American Heart 
Association. Circulation 2021;143:e254–e743. https://doi.org/10.1161/cir.000000000 
0000950

11. Visseren FLJ, Mach F, Smulders YM, Carballo D, Koskinas KC, Bäck M, et al. 2021 ESC 
Guidelines on cardiovascular disease prevention in clinical practice. Eur Heart J 2021; 
42:3227–3337. https://doi.org/10.1093/eurheartj/ehab484

12. Sugiyama T, Hasegawa K, Kobayashi Y, Takahashi O, Fukui T, Tsugawa Y. Differential 
time trends of outcomes and costs of care for acute myocardial infarction hospitaliza
tions by ST elevation and type of intervention in the United States, 2001–2011. J Am 
Heart Assoc 2015;4:e001445. https://doi.org/10.1161/jaha.114.001445

13. Puymirat E, Simon T, Cayla G, Cottin Y, Elbaz M, Coste P, et al. Acute myocardial in
farction: changes in patient characteristics, management, and 6-month outcomes over 
a period of 20 years in the FAST-MI program (French registry of acute ST-elevation or 
non-ST-elevation myocardial infarction) 1995 to 2015. Circulation 2017;136: 
1908–1919. https://doi.org/10.1161/circulationaha.117.030798

14. Townsend N, Wilson L, Bhatnagar P, Wickramasinghe K, Rayner M, Nichols M. 
Cardiovascular disease in Europe: epidemiological update 2016. Eur Heart J 2016;37: 
3232–3245. https://doi.org/10.1093/eurheartj/ehw334

15. Timmis A, Vardas P, Townsend N, Torbica A, Katus H, De Smedt D, et al. European 
Society of Cardiology: cardiovascular disease statistics 2021. Eur Heart J 2022;43: 
716–799. https://doi.org/10.1093/eurheartj/ehab892

16. García-García C, Oliveras T, Serra J, Vila J, Rueda F, Cediel G, et al. Trends in short- and 
long-term ST-segment-elevation myocardial infarction prognosis over 3 decades: a 
Mediterranean population-based ST-segment-elevation myocardial infarction registry. 
J Am Heart Assoc 2020;9:e017159. https://doi.org/10.1161/jaha.120.017159

17. Gale CP, Allan V, Cattle BA, Hall AS, West RM, Timmis A, et al. Trends in hospital 
treatments, including revascularisation, following acute myocardial infarction, 2003– 
2010: a multilevel and relative survival analysis for the National Institute for 
Cardiovascular Outcomes Research (NICOR). Heart 2014;100:582–589. https://doi. 
org/10.1136/heartjnl-2013-304517

18. Puymirat E, Simon T, Steg PG, Schiele F, Gueret P, Blanchard D, et al. Association of 
changes in clinical characteristics and management with improvement in survival 
among patients with ST-elevation myocardial infarction. JAMA 2012;308:998–1006. 
https://doi.org/10.1001/2012.jama.11348

19. Regitz-Zagrosek V, Oertelt-Prigione S, Prescott E, Franconi F, Gerdts E, Foryst-Ludwig 
A, et al. Gender in cardiovascular diseases: impact on clinical manifestations, manage
ment, and outcomes. Eur Heart J 2016;37:24–34. https://doi.org/10.1093/eurheartj/ 
ehv598

20. Hvelplund A, Galatius S, Madsen M, Rasmussen JN, Rasmussen S, Madsen JK, et al. 
Women with acute coronary syndrome are less invasively examined and subsequently 

less treated than men. Eur Heart J 2010;31:684–690. https://doi.org/10.1093/eurheartj/ 
ehp493

21. Rashid M, Curzen N, Kinnaird T, Lawson CA, Myint PK, Kontopantelis E, et al. Baseline 
risk, timing of invasive strategy and guideline compliance in NSTEMI: nationwide ana
lysis from MINAP. Int J Cardiol 2020;301:7–13. https://doi.org/10.1016/j.ijcard.2019.11. 
146

22. van Oosterhout REM, de Boer AR, Maas A, Rutten FH, Bots ML, Peters SAE, et al. Sex 
differences in symptom presentation in acute coronary syndromes: a systematic re
view and meta-analysis. J Am Heart Assoc 2020;9:e014733. https://doi.org/10.1161/ 
jaha.119.014733

23. Araújo C, Laszczyńska O, Viana M, Melão F, Henriques A, Borges A, et al. Sex differ
ences in presenting symptoms of acute coronary syndrome: the EPIHeart cohort 
study. BMJ Open 2018;8:e018798. https://doi.org/10.1136/bmjopen-2017-018798

24. Hadid LAA, Al Barmawi M, Al Hmaimat NAA, Shoqirat N. Factors associated with pre
hospital delay among men and women newly experiencing acute coronary syndrome: 
a qualitative inquiry. Cardiol Res Pract 2020;2020:3916361. https://doi.org/10.1155/ 
2020/3916361

25. Heer T, Hochadel M, Schmidt K, Mehilli J, Zahn R, Kuck K-H, et al. Sex differences in 
percutaneous coronary intervention–insights from the coronary angiography and PCI 
registry of the German Society of Cardiology. J Am Heart Assoc 2017;6:e004972. 
https://doi.org/10.1161/jaha.116.004972

26. Gimenez MR, Reiter M, Twerenbold R, Reichlin T, Wildi K, Haaf P, et al. Sex-specific 
chest pain characteristics in the early diagnosis of acute myocardial infarction. JAMA 
Intern Med 2014;174:241–249. https://doi.org/10.1001/jamainternmed.2013.12199

27. Henrikson CA, Howell EE, Bush DE, Miles JS, Meininger GR, Friedlander T, et al. Chest 
pain relief by nitroglycerin does not predict active coronary artery disease. Ann Intern 
Med 2003;139:979–986. https://doi.org/10.7326/0003-4819-139-12-200312160- 
00007

28. Ibanez B, James S, Agewall S, Antunes MJ, Bucciarelli-Ducci C, Bueno H, et al. 2017 ESC 
Guidelines for the management of acute myocardial infarction in patients presenting 
with ST-segment elevation: the Task Force for the management of acute myocardial 
infarction in patients presenting with ST-segment elevation of the European Society 
of Cardiology (ESC). Eur Heart J 2018;39:119–177. https://doi.org/10.1093/ 
eurheartj/ehx393

29. Wouters L, Zwart DLM, Erkelens DCA, De Groot E, van Smeden M, Hoes AW, et al. 
Gender-stratified analyses of symptoms associated with acute coronary syndrome in 
telephone triage: a cross-sectional study. BMJ Open 2021;11:e042406. https://doi.org/ 
10.1136/bmjopen-2020-042406

30. Boeddinghaus J, Nestelberger T, Twerenbold R, Neumann JT, Lindahl B, Giannitsis E, 
et al. Impact of age on the performance of the ESC 0/1h-algorithms for early diagnosis 
of myocardial infarction. Eur Heart J 2018;39:3780–3794. https://doi.org/10.1093/ 
eurheartj/ehy514

31. Twerenbold R, Badertscher P, Boeddinghaus J, Nestelberger T, Wildi K, Puelacher C, 
et al. 0/1-hour triage algorithm for myocardial infarction in patients with renal dysfunc
tion. Circulation 2018;137:436–451. https://doi.org/10.1161/CIRCULATIONAHA. 
117.028901

32. Chiaramonte GR, Friend R. Medical students’ and residents’ gender bias in the diagno
sis, treatment, and interpretation of coronary heart disease symptoms. Health Psychol 
2006;25:255–266. https://doi.org/10.1037/0278-6133.25.3.255

33. Anderson HVS, Masri SC, Abdallah MS, Chang AM, Cohen MG, Elgendy IY, et al. 2022 
ACC/AHA key data elements and definitions for chest pain and acute myocardial in
farction: a report of the American Heart Association/American College of Cardiology 
Joint Committee on clinical data standards. J Am Coll Cardiol 2022;80:1660–1700. 
https://doi.org/10.1016/j.jacc.2022.05.012

34. Persson A, Hartford M, Herlitz J, Karlsson T, Omland T, Caidahl K. Long-term prog
nostic value of mitral regurgitation in acute coronary syndromes. Heart 2010;96: 
1803–1808. https://doi.org/10.1136/hrt.2010.203059

35. Smith SW, Dodd KW, Henry TD, Dvorak DM, Pearce LA. Diagnosis of ST-elevation 
myocardial infarction in the presence of left bundle branch block with the ST-elevation 
to S-wave ratio in a modified Sgarbossa rule. Ann Emerg Med 2012;60:766–776. https:// 
doi.org/10.1016/j.annemergmed.2012.07.119

36. Nestelberger T, Cullen L, Lindahl B, Reichlin T, Greenslade JH, Giannitsis E, et al. 
Diagnosis of acute myocardial infarction in the presence of left bundle branch block. 
Heart 2019;105:1559–1567. https://doi.org/10.1136/heartjnl-2018-314673

37. Meyer MR, Radovanovic D, Pedrazzini G, Rickli H, Roffi M, Rosemann T, et al. 
Differences in presentation and clinical outcomes between left or right bundle branch 
block and ST segment elevation in patients with acute myocardial infarction. Eur Heart J 
Acute Cardiovasc Care 2020;9:848–856. https://doi.org/10.1177/2048872620905101

38. Lai YC, Chen YH, Wu KH, Chen YC. Validation of the diagnosis and triage algorithm 
for acute myocardial infarction in the setting of left bundle branch block. Am J Emerg 
Med 2020;38:2614–2619. https://doi.org/10.1016/j.ajem.2020.03.024

39. Cai Q, Mehta N, Sgarbossa EB, Pinski SL, Wagner GS, Califf RM, et al. The left bundle- 
branch block puzzle in the 2013 ST-elevation myocardial infarction guideline: from 
falsely declaring emergency to denying reperfusion in a high-risk population. Are the 
Sgarbossa criteria ready for prime time? Am Heart J 2013;166:409–413. https://doi. 
org/10.1016/j.ahj.2013.03.032

ESC Guidelines                                                                                                                                                                                               41

https://doi.org/10.1093/eurheartj/ehy856
https://doi.org/10.1093/eurheartj/ehaa575
https://doi.org/10.1161/01.CIR.102.10.1101
https://doi.org/10.1161/01.CIR.102.10.1101
https://doi.org/10.1093/eurheartj/ehv320
https://doi.org/10.1093/eurheartj/ehv320
https://doi.org/10.1093/eurheartj/ehy462
https://doi.org/10.1093/eurheartj/ehy462
https://doi.org/10.1161/CIRCULATIONAHA.117.031806
https://doi.org/10.1161/CIRCULATIONAHA.117.031806
https://doi.org/10.1093/eurheartj/ehx457
https://doi.org/10.1016/j.jacc.2017.07.774
https://doi.org/10.1007/978-3-319-77932-4_4
https://doi.org/10.1161/cir.0000000000000950
https://doi.org/10.1161/cir.0000000000000950
https://doi.org/10.1093/eurheartj/ehab484
https://doi.org/10.1161/jaha.114.001445
https://doi.org/10.1161/circulationaha.117.030798
https://doi.org/10.1093/eurheartj/ehw334
https://doi.org/10.1093/eurheartj/ehab892
https://doi.org/10.1161/jaha.120.017159
https://doi.org/10.1136/heartjnl-2013-304517
https://doi.org/10.1136/heartjnl-2013-304517
https://doi.org/10.1001/2012.jama.11348
https://doi.org/10.1093/eurheartj/ehv598
https://doi.org/10.1093/eurheartj/ehv598
https://doi.org/10.1093/eurheartj/ehp493
https://doi.org/10.1093/eurheartj/ehp493
https://doi.org/10.1016/j.ijcard.2019.11.146
https://doi.org/10.1016/j.ijcard.2019.11.146
https://doi.org/10.1161/jaha.119.014733
https://doi.org/10.1161/jaha.119.014733
https://doi.org/10.1136/bmjopen-2017-018798
https://doi.org/10.1155/2020/3916361
https://doi.org/10.1155/2020/3916361
https://doi.org/10.1161/jaha.116.004972
https://doi.org/10.1001/jamainternmed.2013.12199
https://doi.org/10.7326/0003-4819-139-12-200312160-00007
https://doi.org/10.7326/0003-4819-139-12-200312160-00007
https://doi.org/10.1093/eurheartj/ehx393
https://doi.org/10.1093/eurheartj/ehx393
https://doi.org/10.1136/bmjopen-2020-042406
https://doi.org/10.1136/bmjopen-2020-042406
https://doi.org/10.1093/eurheartj/ehy514
https://doi.org/10.1093/eurheartj/ehy514
https://doi.org/10.1161/CIRCULATIONAHA.117.028901
https://doi.org/10.1161/CIRCULATIONAHA.117.028901
https://doi.org/10.1037/0278-6133.25.3.255
https://doi.org/10.1016/j.jacc.2022.05.012
https://doi.org/10.1136/hrt.2010.203059
https://doi.org/10.1016/j.annemergmed.2012.07.119
https://doi.org/10.1016/j.annemergmed.2012.07.119
https://doi.org/10.1136/heartjnl-2018-314673
https://doi.org/10.1177/2048872620905101
https://doi.org/10.1016/j.ajem.2020.03.024
https://doi.org/10.1016/j.ahj.2013.03.032
https://doi.org/10.1016/j.ahj.2013.03.032


40. Nestelberger T, Boeddinghaus J, Lopez Ayala P, Gehrke J, Twerenbold R, Cullen L, 
et al. Utility of echocardiography in patients with suspected acute myocardial infarction 
and left bundle-branch block. J Am Heart Assoc 2021;10:e021262. https://doi.org/10. 
1161/JAHA.121.021262

41. Pera VK, Larson DM, Sharkey SW, Garberich RF, Solie CJ, Wang YL, et al. New or pre
sumed new left bundle branch block in patients with suspected ST-elevation myocar
dial infarction. Eur Heart J Acute Cardiovasc Care 2018;7:208–217. https://doi.org/10. 
1177/2048872617691508

42. Neumann JT, Sorensen NA, Rubsamen N, Ojeda F, Schäfer S, Keller T, et al. Right bun
dle branch block in patients with suspected myocardial infarction. Eur Heart J Acute 
Cardiovasc Care 2019;8:161–166. https://doi.org/10.1177/2048872618809700

43. Holmvang L, Clemmensen P, Lindahl B, Lagerqvist B, Venge P, Wagner G, et al. 
Quantitative analysis of the admission electrocardiogram identifies patients with 
unstable coronary artery disease who benefit the most from early invasive 
treatment. J Am Coll Cardiol 2003;41:905–915. https://doi.org/10.1016/S0735- 
1097(02)02970-4

44. Kaul P, Fu Y, Chang WC, Harrington RA, Wagner GS, Goodman SG, et al. Prognostic 
value of ST segment depression in acute coronary syndromes: insights from 
PARAGON-A applied to GUSTO-IIb. J Am Coll Cardiol 2001;38:64–71. https://doi. 
org/10.1016/S0735-1097(01)01307-9

45. Savonitto S, Cohen MG, Politi A, Hudson MP, Kong DF, Huang Y, et al. Extent of 
ST-segment depression and cardiac events in non-ST-segment elevation acute coron
ary syndromes. Eur Heart J 2005;26:2106–2113. https://doi.org/10.1093/eurheartj/ 
ehi395

46. Damman P, Holmvang L, Tijssen JG, Lagerqvist B, Clayton TC, Pocock SJ, et al. 
Usefulness of the admission electrocardiogram to predict long-term outcomes after 
non-ST-elevation acute coronary syndrome (from the FRISC II, ICTUS, and RITA-3 
[FIR] trials). Am J Cardiol 2012;109:6–12. https://doi.org/10.1016/j.amjcard.2011.08. 
002

47. Jacobsen MD, Wagner GS, Holmvang L, Kontny F, Wallentin L, Husted S, et al. 
Quantitative T-wave analysis predicts 1 year prognosis and benefit from early invasive 
treatment in the FRISC II study population. Eur Heart J 2005;26:112–118. https://doi. 
org/10.1093/eurheartj/ehi026

48. Mueller C, Neumann FJ, Perach W, Perruchoud AP, Buettner HJ. Prognostic value of 
the admission electrocardiogram in patients with unstable angina/non-ST-segment ele
vation myocardial infarction treated with very early revascularization. Am J Med 2004; 
117:145–150. https://doi.org/10.1016/j.amjmed.2004.02.034

49. Boersma E, Pieper KS, Steyerberg EW, Wilcox RG, Chang W-C, Lee KL, et al. 
Predictors of outcome in patients with acute coronary syndromes without persistent 
ST-segment elevation. Results from an international trial of 9461 patients. Circulation 
2000;101:2557–2567. https://doi.org/10.1161/01.CIR.101.22.2557

50. Tan NS, Goodman SG, Yan RT, Elbarouni B, Budaj A, Fox KAA, et al. Comparative 
prognostic value of T-wave inversion and ST-segment depression on the admission 
electrocardiogram in non-ST-segment elevation acute coronary syndromes. Am 
Heart J 2013;166:290–297. https://doi.org/10.1016/j.ahj.2013.04.010

51. Gorgels AP, Engelen DJ, Wellens HJ. Lead aVR, a mostly ignored but very valuable lead 
in clinical electrocardiography. J Am Coll Cardiol 2001;38:1355–1356. https://doi.org/10. 
1016/s0735-1097(01)01564-9

52. Yamaji H, Iwasaki K, Kusachi S, Murakami T, Hirami R, Hamamoto H, et al. Prediction 
of acute left main coronary artery obstruction by 12-lead electrocardiography: ST seg
ment elevation in lead aVR with less ST segment elevation in lead V(1). J Am Coll Cardiol 
2001;38:1348–1354. https://doi.org/10.1016/S0735-1097(01)01563-7

53. Yan AT, Yan RT, Kennelly BM, Anderson FA, Budaj A, López-Sendón J, et al. 
Relationship of ST elevation in lead aVR with angiographic findings and outcome in 
non-ST elevation acute coronary syndromes. Am Heart J 2007;154:71–78. https:// 
doi.org/10.1016/j.ahj.2007.03.037

54. Khan AR, Golwala H, Tripathi A, Bin Abdulhak AA, Bavishi C, Riaz H, et al. Impact of 
total occlusion of culprit artery in acute non-ST elevation myocardial infarction: a sys
tematic review and meta-analysis. Eur Heart J 2017;38:3082–3089. https://doi.org/10. 
1093/eurheartj/ehx418

55. Wang TY, Zhang M, Fu Y, Armstrong PW, Newby LK, Gibson CM, et al. Incidence, 
distribution, and prognostic impact of occluded culprit arteries among patients with 
non-ST-elevation acute coronary syndromes undergoing diagnostic angiography. Am 
Heart J 2009;157:716–723. https://doi.org/10.1016/j.ahj.2009.01.004

56. de Zwaan C, Bär FW, Wellens HJ. Characteristic electrocardiographic pattern indicat
ing a critical stenosis high in left anterior descending coronary artery in patients admit
ted because of impending myocardial infarction. Am Heart J 1982;103:730–736. https:// 
doi.org/10.1016/0002-8703(82)90480-x

57. de Zwaan C, Bär FW, Janssen JH, Cheriex EC, Dassen WRM, Brugada P, et al. 
Angiographic and clinical characteristics of patients with unstable angina showing an 
ECG pattern indicating critical narrowing of the proximal LAD coronary artery. Am 
Heart J 1989;117:657–665. https://doi.org/10.1016/0002-8703(89)90742-4

58. de Winter RJ, Verouden NJ, Wellens HJ, Wilde AA. A new ECG sign of proximal 
LAD occlusion. N Engl J Med 2008;359:2071–2073. https://doi.org/10.1056/ 
NEJMc0804737

59. Abacherli R, Twerenbold R, Boeddinghaus J, Nestelberger T, Mächler P, Sassi R, et al. 
Diagnostic and prognostic values of the V-index, a novel ECG marker quantifying spa
tial heterogeneity of ventricular repolarization, in patients with symptoms suggestive 
of non-ST-elevation myocardial infarction. Int J Cardiol 2017;236:23–29. https://doi. 
org/10.1016/j.ijcard.2017.01.151

60. Strebel I, Twerenbold R, Boeddinghaus J, Abächerli R, Rubini Giménez M, Wildi K, et al. 
Diagnostic value of the cardiac electrical biomarker, a novel ECG marker indicating myo
cardial injury, in patients with symptoms suggestive of non-ST-elevation myocardial infarc
tion. Ann Noninvasive Electrocardiol 2018;23:e12538. https://doi.org/10.1111/anec.12538

61. Strebel I, Twerenbold R, Wussler D, Boeddinghaus J, Nestelberger T, du Fay de 
Lavallaz J, et al. Incremental diagnostic and prognostic value of the QRS-T angle, a 
12-lead ECG marker quantifying heterogeneity of depolarization and repolarization, 
in patients with suspected non-ST-elevation myocardial infarction. Int J Cardiol 2019; 
277:8–15. https://doi.org/10.1016/j.ijcard.2018.09.040

62. Grimm K, Twerenbold R, Abaecherli R, Boeddinghaus J, Nestelberger T, Koechlin L, 
et al. Diagnostic and prognostic value of ST-segment deviation scores in suspected 
acute myocardial infarction. Eur Heart J Acute Cardiovasc Care 2020;9:857–868. 
https://doi.org/10.1177/2048872619853579

63. Eggers KM, Jernberg T, Lindahl B. Cardiac troponin elevation in patients without a spe
cific diagnosis. J Am Coll Cardiol 2019;73:1–9. https://doi.org/10.1016/j.jacc.2018.09.082

64. Nestelberger T, Lopez-Ayala P, Boeddinghaus J, Strebel I, Rubini Gimenez M, Huber I, 
et al. External validation and extension of a clinical score for the discrimination of type 
2 myocardial infarction. J Clin Med 2021;10:1264. https://doi.org/10.3390/ 
jcm10061264

65. Nestelberger T, Boeddinghaus J, Lopez-Ayala P, Kaier TE, Marber M, Gysin V, et al. 
Cardiovascular biomarkers in the early discrimination of type 2 myocardial infarction. 
JAMA Cardiol 2021;6:771–780. https://doi.org/10.1001/jamacardio.2021.0669

66. Horiuchi Y, Wettersten N, Patel MP, Mueller C, Neath S-X, Christenson RH, et al. 
Biomarkers enhance discrimination and prognosis of type 2 myocardial infarction. 
Circulation 2020;142:1532–1544. https://doi.org/10.1161/CIRCULATIONAHA.120. 
046682

67. Boeddinghaus J, Twerenbold R, Nestelberger T, Koechlin L, Wussler D, Meier M, et al. 
Clinical use of a new high-sensitivity cardiac troponin I assay in patients with suspected 
myocardial infarction. Clin Chem 2019;65:1426–1436. https://doi.org/10.1373/ 
clinchem.2019.304725

68. Boeddinghaus J, Twerenbold R, Nestelberger T, Badertscher P, Wildi K, Puelacher C, 
et al. Clinical validation of a novel high-sensitivity cardiac troponin I assay for early diag
nosis of acute myocardial infarction. Clin Chem 2018;64:1347–1360. https://doi.org/10. 
1373/clinchem.2018.286906

69. Boeddinghaus J, Nestelberger T, Twerenbold R, Koechlin L, Meier M, Troester V, et al. 
High-sensitivity cardiac troponin I assay for early diagnosis of acute myocardial infarc
tion. Clin Chem 2019;65:893–904. https://doi.org/10.1373/clinchem.2018.300061

70. Chapman AR, Lee KK, McAllister DA, Cullen L, Greenslade JH, Parsonage W, et al. 
Association of high-sensitivity cardiac troponin I concentration with cardiac outcomes 
in patients with suspected acute coronary syndrome. JAMA 2017;318:1913–1924. 
https://doi.org/10.1001/jama.2017.17488

71. Twerenbold R, Neumann JT, Sorensen NA, Ojeda F, Karakas M, Boeddinghaus J, et al. 
Prospective validation of the 0/1-h algorithm for early diagnosis of myocardial infarc
tion. J Am Coll Cardiol 2018;72:620–632. https://doi.org/10.1016/j.jacc.2018.05.040

72. Neumann JT, Sorensen NA, Schwemer T, Ojeda F, Bourry R, Sciacca V, et al. Diagnosis 
of myocardial infarction using a high-sensitivity troponin I 1-hour algorithm. JAMA 
Cardiol 2016;1:397–404. https://doi.org/10.1001/jamacardio.2016.0695

73. Reichlin T, Irfan A, Twerenbold R, Reiter M, Hochholzer W, Burkhalter H, et al. Utility 
of absolute and relative changes in cardiac troponin concentrations in the early diag
nosis of acute myocardial infarction. Circulation 2011;124:136–145. https://doi.org/10. 
1161/CIRCULATIONAHA.111.023937

74. Reichlin T, Schindler C, Drexler B, Twerenbold R, Reiter M, Zellweger C, et al. 
One-hour rule-out and rule-in of acute myocardial infarction using high-sensitivity car
diac troponin T. Arch Intern Med 2012;172:1211–1218. https://doi.org/10.1001/ 
archinternmed.2012.3698

75. Boeddinghaus J, Reichlin T, Cullen L, Greenslade JH, Parsonage WA, Hammett C, et al. 
Two-hour algorithm for triage toward rule-out and rule-in of acute myocardial infarc
tion by use of high-sensitivity cardiac troponin I. Clin Chem 2016;62:494–504. https:// 
doi.org/10.1373/clinchem.2015.249508

76. Neumann JT, Sorensen NA, Rubsamen N, Ojeda F, Schock A, Seddighizadeh P, et al. 
Evaluation of a new ultra-sensitivity troponin I assay in patients with suspected myo
cardial infarction. Int J Cardiol 2019;283:35–40. https://doi.org/10.1016/j.ijcard.2018.12. 
001

77. Greenslade J, Cho E, Van Hise C, Hawkins T, Parsonage W, Ungerer J, et al. Evaluating 
rapid rule-out of acute myocardial infarction using a high-sensitivity cardiac troponin I 
assay at presentation. Clin Chem 2018;64:820–829. https://doi.org/10.1373/clinchem. 
2017.283887

78. Pickering JW, Than MP, Cullen L, Aldous S, ter Avest E, Body R, et al. Rapid rule-out of 
acute myocardial infarction with a single high-sensitivity cardiac troponin T measure
ment below the limit of detection: a collaborative meta-analysis. Ann Intern Med 2017; 
166:715–724. https://doi.org/10.7326/M16-2562

42                                                                                                                                                                                               ESC Guidelines

https://doi.org/10.1161/JAHA.121.021262
https://doi.org/10.1161/JAHA.121.021262
https://doi.org/10.1177/2048872617691508
https://doi.org/10.1177/2048872617691508
https://doi.org/10.1177/2048872618809700
https://doi.org/10.1016/S0735-1097(02)02970-4
https://doi.org/10.1016/S0735-1097(02)02970-4
https://doi.org/10.1016/S0735-1097(01)01307-9
https://doi.org/10.1016/S0735-1097(01)01307-9
https://doi.org/10.1093/eurheartj/ehi395
https://doi.org/10.1093/eurheartj/ehi395
https://doi.org/10.1016/j.amjcard.2011.08.002
https://doi.org/10.1016/j.amjcard.2011.08.002
https://doi.org/10.1093/eurheartj/ehi026
https://doi.org/10.1093/eurheartj/ehi026
https://doi.org/10.1016/j.amjmed.2004.02.034
https://doi.org/10.1161/01.CIR.101.22.2557
https://doi.org/10.1016/j.ahj.2013.04.010
https://doi.org/10.1016/s0735-1097(01)01564-9
https://doi.org/10.1016/s0735-1097(01)01564-9
https://doi.org/10.1016/S0735-1097(01)01563-7
https://doi.org/10.1016/j.ahj.2007.03.037
https://doi.org/10.1016/j.ahj.2007.03.037
https://doi.org/10.1093/eurheartj/ehx418
https://doi.org/10.1093/eurheartj/ehx418
https://doi.org/10.1016/j.ahj.2009.01.004
https://doi.org/10.1016/0002-8703(82)90480-x
https://doi.org/10.1016/0002-8703(82)90480-x
https://doi.org/10.1016/0002-8703(89)90742-4
https://doi.org/10.1056/NEJMc0804737
https://doi.org/10.1056/NEJMc0804737
https://doi.org/10.1016/j.ijcard.2017.01.151
https://doi.org/10.1016/j.ijcard.2017.01.151
https://doi.org/10.1111/anec.12538
https://doi.org/10.1016/j.ijcard.2018.09.040
https://doi.org/10.1177/2048872619853579
https://doi.org/10.1016/j.jacc.2018.09.082
https://doi.org/10.3390/jcm10061264
https://doi.org/10.3390/jcm10061264
https://doi.org/10.1001/jamacardio.2021.0669
https://doi.org/10.1161/CIRCULATIONAHA.120.046682
https://doi.org/10.1161/CIRCULATIONAHA.120.046682
https://doi.org/10.1373/clinchem.2019.304725
https://doi.org/10.1373/clinchem.2019.304725
https://doi.org/10.1373/clinchem.2018.286906
https://doi.org/10.1373/clinchem.2018.286906
https://doi.org/10.1373/clinchem.2018.300061
https://doi.org/10.1001/jama.2017.17488
https://doi.org/10.1016/j.jacc.2018.05.040
https://doi.org/10.1001/jamacardio.2016.0695
https://doi.org/10.1161/CIRCULATIONAHA.111.023937
https://doi.org/10.1161/CIRCULATIONAHA.111.023937
https://doi.org/10.1001/archinternmed.2012.3698
https://doi.org/10.1001/archinternmed.2012.3698
https://doi.org/10.1373/clinchem.2015.249508
https://doi.org/10.1373/clinchem.2015.249508
https://doi.org/10.1016/j.ijcard.2018.12.001
https://doi.org/10.1016/j.ijcard.2018.12.001
https://doi.org/10.1373/clinchem.2017.283887
https://doi.org/10.1373/clinchem.2017.283887
https://doi.org/10.7326/M16-2562


79. Shah AS, Anand A, Sandoval Y, Lee KK, Smith SW, Adamson PD, et al. High-sensitivity 
cardiac troponin I at presentation in patients with suspected acute coronary syn
drome: a cohort study. Lancet 2015;386:2481–2488. https://doi.org/10.1016/ 
S0140-6736(15)00391-8

80. Wildi K, Cullen L, Twerenbold R, Greenslade JH, Parsonage W, Boeddinghaus J, et al. 
Direct comparison of 2 rule-out strategies for acute myocardial infarction: 2-h accel
erated diagnostic protocol vs 2-h algorithm. Clin Chem 2017;63:1227–1236. https:// 
doi.org/10.1373/clinchem.2016.268359

81. Nestelberger T, Boeddinghaus J, Greenslade J, Parsonage WA, Than M, Wussler D, 
et al. Two-hour algorithm for rapid triage of suspected acute myocardial infarction 
using a high-sensitivity cardiac troponin I assay. Clin Chem 2019;65:1437–1447. 
https://doi.org/10.1373/clinchem.2019.305193

82. Koechlin L, Boeddinghaus J, Nestelberger T, Lopez-Ayala P, Wussler D, Shrestha S, 
et al. Performance of the ESC 0/2h-algorithm using high-sensitivity cardiac troponin 
I in the early diagnosis of myocardial infarction. Am Heart J 2021;242:132–137. 
https://doi.org/10.1016/j.ahj.2021.08.008

83. Boeddinghaus J, Lopez-Ayala P, Nestelberger T, Koechlin L, Münch T, Miro O, 
et al. Prospective validation of the ESC 0/1h-algorithm using high-sensitivity car
diac troponin I. Am J Cardiol 2021;158:152–153. https://doi.org/10.1016/j.amjcard. 
2021.08.007

84. Boeddinghaus J, Nestelberger T, Lopez-Ayala P, Koechlin L, Buechi M, Miro O, et al. 
Diagnostic performance of the European Society of Cardiology 0/1-h algorithms in 
late presenters. J Am Coll Cardiol 2021;77:1264–1267. https://doi.org/10.1016/j.jacc. 
2021.01.004

85. Sörensen NA, Neumann JT, Ojeda F, Giannitsis E, Spanuth E, Blankenberg S, et al. 
Diagnostic evaluation of a high-sensitivity troponin I point-of-care assay. Clin Chem 
2019;65:1592–1601. https://doi.org/10.1373/clinchem.2019.307405

86. Reichlin T, Cullen L, Parsonage WA, Greenslade J, Twerenbold R, Moehring B, et al. 
Two-hour algorithm for triage toward rule-out and rule-in of acute myocardial infarc
tion using high-sensitivity cardiac troponin T. Am J Med 2015;128:369–379.e4. https:// 
doi.org/10.1016/j.amjmed.2014.10.032

87. Boeddinghaus J, Nestelberger T, Koechlin L, Wussler D, Lopez-Ayala P, Walter JE, 
et al. Early diagnosis of myocardial infarction with point-of-care high-sensitivity car
diac troponin I. J Am Coll Cardiol 2020;75:1111–1124. https://doi.org/10.1016/j.jacc. 
2019.12.065

88. Koechlin L, Boeddinghaus J, Lopez-Ayala P, Nestelberger T, Wussler D, Mais F, et al. 
Diagnostic discrimination of a novel high-sensitivity cardiac troponin I assay and der
ivation/validation of an assay-specific 0/1h-algorithm. Am Heart J 2023;255:58–70. 
https://doi.org/10.1016/j.ahj.2022.10.007

88a. Wildi K, Boeddinghaus J, Nestelberger T, Lopez-Ayala P, Sanchez AY, Okamura B, 
et al. For the APACE investigators, 0/2 h-Algorithm for rapid triage of suspected myo
cardial infarction using a novel high-sensitivity cardiac troponin I assay. Clin Chem 
2022;68:303–312. https://doi.org/10.1093/clinchem/hvab203

88b. Koechlin L, Boeddinghaus J, Lopez-Ayala P, Wildi K, Nestelberger T, Wussler D, 
et al. APACE investigators. External validation of the 0/1h-algorithm and deriv
ation of a 0/2h-algorithm using a new point-of-care Hs-cTnI assay. Am Heart J 
2023;268:104–113. Advance online publication. https://doi.org/10.1016/j.ahj. 
2023.11.014

89. Mueller C. Biomarkers and acute coronary syndromes: an update. Eur Heart J 2014; 
35:552–556. https://doi.org/10.1093/eurheartj/eht530

90. Reichlin T, Twerenbold R, Maushart C, Reiter M, Moehring B, Schaub N, et al. Risk 
stratification in patients with unstable angina using absolute serial changes of 3 high- 
sensitive troponin assays. Am Heart J 2013;165:371–378.e3. https://doi.org/10.1016/j. 
ahj.2012.11.010

91. Reichlin T, Twerenbold R, Reiter M, Steuer S, Bassetti S, Balmelli C, et al. Introduction 
of high-sensitivity troponin assays: impact on myocardial infarction incidence and 
prognosis. Am J Med 2012;125:1205–1213.e1. https://doi.org/10.1016/j.amjmed. 
2012.07.015

92. Shah ASV, Anand A, Strachan FE, Ferry AV, Lee KK, Chapman AR, et al. 
High-sensitivity troponin in the evaluation of patients with suspected acute coronary 
syndrome: a stepped-wedge, cluster-randomised controlled trial. Lancet 2018;392: 
919–928. https://doi.org/10.1016/S0140-6736(18)31923-8

93. Mueller C, Giannitsis E, Mockel M, Huber K, Mair J, Plebani M, et al. Rapid 
rule out of acute myocardial infarction: novel biomarker-based strategies. 
Eur Heart J Acute Cardiovasc Care 2017;6:218–222. https://doi.org/10.1177/204 
8872616653229

94. Mockel M, Giannitsis E, Mueller C, Huber K, Jaffe AS, Mair J, et al. Rule-in of acute 
myocardial infarction: focus on troponin. Eur Heart J Acute Cardiovasc Care 2017;6: 
212–217. https://doi.org/10.1177/2048872616653228

95. Katus H, Ziegler A, Ekinci O, Giannitsis E, Stough WG, Achenbach S, et al. Early diag
nosis of acute coronary syndrome. Eur Heart J 2017;38:3049–3055. https://doi.org/ 
10.1093/eurheartj/ehx492

96. Neumann JT, Twerenbold R, Ojeda F, Sörensen NA, Chapman AR, Shah ASV, et al. 
Application of high-sensitivity troponin in suspected myocardial infarction. N Engl J 
Med 2019;380:2529–2540. https://doi.org/10.1056/NEJMoa1803377

97. Lopez-Ayala P, Nestelberger T, Boeddinghaus J, Koechlin L, Ratmann PD, Strebel I, 
et al. Novel criteria for the observe-zone of the ESC 0/1h-hs-cTnT algorithm. 
Circulation 2021;144:773–787. https://doi.org/10.1161/CIRCULATIONAHA.120. 
052982

98. Ambavane A, Lindahl B, Giannitsis E, Roiz J, Mendivil J, Frankenstein L, et al. Economic 
evaluation of the one-hour rule-out and rule-in algorithm for acute myocardial infarc
tion using the high-sensitivity cardiac troponin T assay in the emergency department. 
PLoS One 2017;12:e0187662. https://doi.org/10.1371/journal.pone.0187662

99. Kaier TE, Twerenbold R, Puelacher C, Marjot J, Imambaccus N, Boeddinghaus J, et al. 
Direct comparison of cardiac myosin-binding protein C with cardiac troponins for the 
early diagnosis of acute myocardial infarction. Circulation 2017;136:1495–1508. https:// 
doi.org/10.1161/CIRCULATIONAHA.117.028084

100. Keller T, Tzikas S, Zeller T, Czyz E, Lillpopp L, Ojeda FM, et al. Copeptin improves early 
diagnosis of acute myocardial infarction. J Am Coll Cardiol 2010;55:2096–2106. https:// 
doi.org/10.1016/j.jacc.2010.01.029

101. Mockel M, Searle J, Hamm C, Slagman A, Blankenberg S, Huber K, et al. Early discharge 
using single cardiac troponin and copeptin testing in patients with suspected acute cor
onary syndrome (ACS): a randomized, controlled clinical process study. Eur Heart J 
2015;36:369–376. https://doi.org/10.1093/eurheartj/ehu178

102. Reichlin T, Hochholzer W, Stelzig C, Laule K, Freidank H, Morgenthaler NG, et al. 
Incremental value of copeptin for rapid rule out of acute myocardial infarction. J Am 
Coll Cardiol 2009;54:60–68. https://doi.org/10.1016/j.jacc.2009.01.076

103. Boeddinghaus J, Reichlin T, Nestelberger T, Twerenbold R, Meili Y, Wildi K, et al. Early 
diagnosis of acute myocardial infarction in patients with mild elevations of cardiac 
troponin. Clin Res Cardiol 2017;106:457–467. https://doi.org/10.1007/s00392-016- 
1075-9

104. Hillinger P, Twerenbold R, Jaeger C, Wildi K, Reichlin T, Gimenez MR, et al. Optimizing 
early rule-out strategies for acute myocardial infarction: utility of 1-hour copeptin. Clin 
Chem 2015;61:1466–1474. https://doi.org/10.1373/clinchem.2015.242743

105. Mueller C, Mockel M, Giannitsis E, Huber K, Mair J, Plebani M, et al. Use of copeptin for 
rapid rule-out of acute myocardial infarction. Eur Heart J Acute Cardiovasc Care 2018;7: 
570–576. https://doi.org/10.1177/2048872617710791

106. Mueller-Hennessen M, Lindahl B, Giannitsis E, Vafaie M, Biener M, Haushofer AC, et al. 
Combined testing of copeptin and high-sensitivity cardiac troponin T at presentation in 
comparison to other algorithms for rapid rule-out of acute myocardial infarction. Int J 
Cardiol 2019;276:261–267. https://doi.org/10.1016/j.ijcard.2018.10.084

107. Stallone F, Schoenenberger AW, Puelacher C, Rubini Gimenez M, Walz B, 
Naduvilekoot Devasia A, et al. Incremental value of copeptin in suspected acute myo
cardial infarction very early after symptom onset. Eur Heart J Acute Cardiovasc Care 
2016;5:407–415. https://doi.org/10.1177/2048872616641289

108. Vargas KG, Kassem M, Mueller C, Wojta J, Huber K. Copeptin for the early rule-out of 
non-ST-elevation myocardial infarction. Int J Cardiol 2016;223:797–804. https://doi. 
org/10.1016/j.ijcard.2016.08.304

109. Wildi K, Boeddinghaus J, Nestelberger T, Twerenbold R, Badertscher P, Wussler D, 
et al. Comparison of fourteen rule-out strategies for acute myocardial infarction. Int 
J Cardiol 2019;283:41–47. https://doi.org/10.1016/j.ijcard.2018.11.140

110. Wildi K, Zellweger C, Twerenbold R, Jaeger C, Reichlin T, Haaf P, et al. Incremental 
value of copeptin to highly sensitive cardiac Troponin I for rapid rule-out of 
myocardial infarction. Int J Cardiol 2015;190:170–176. https://doi.org/10.1016/j.ijcard. 
2015.04.133

111. Zellweger C, Wildi K, Twerenbold R, Reichlin T, Naduvilekoot A, Neuhaus JD, et al. 
Use of copeptin and high-sensitive cardiac troponin T for diagnosis and prognosis in 
patients with diabetes mellitus and suspected acute myocardial infarction. Int J 
Cardiol 2015;190:190–197. https://doi.org/10.1016/j.ijcard.2015.04.134

112. Smulders MW, Kietselaer B, Wildberger JE, Dagnelie PC, Brunner–La Rocca H-P, 
Mingels AMA, et al. Initial imaging-guided strategy versus routine care in patients 
with non-ST-segment elevation myocardial infarction. J Am Coll Cardiol 2019;74: 
2466–2477. https://doi.org/10.1016/j.jacc.2019.09.027

113. Fox K, Achenbach S, Bax J, Cosyns B, Delgado V, Dweck MR, et al. Multimodality im
aging in cardiology: a statement on behalf of the Task Force on multimodality imaging 
of the European Association of Cardiovascular Imaging. Eur Heart J 2019;40:553–558. 
https://doi.org/10.1093/eurheartj/ehy669

114. Gaibazzi N, Reverberi C, Badano L. Usefulness of contrast stress-echocardiography or 
exercise-electrocardiography to predict long-term acute coronary syndromes in pa
tients presenting with chest pain without electrocardiographic abnormalities or 
12-hour troponin elevation. Am J Cardiol 2011;107:161–167. https://doi.org/10.1016/ 
j.amjcard.2010.08.066

115. Shah BN, Balaji G, Alhajiri A, Ramzy IS, Ahmadvazir S, Senior R, et al. Incremental diag
nostic and prognostic value of contemporary stress echocardiography in a chest pain 
unit: mortality and morbidity outcomes from a real-world setting. Circ Cardiovasc 
Imaging 2013;6:202–209. https://doi.org/10.1161/CIRCIMAGING.112.980797

116. Sicari R, Nihoyannopoulos P, Evangelista A, Kasprzak J, Lancellotti P, Poldermans D, 
et al. Stress echocardiography expert consensus statement–executive summary: 
European Association of Echocardiography (EAE) (a registered branch of the ESC). 
Eur Heart J 2008;30:278–289. https://doi.org/10.1093/eurheartj/ehn492

ESC Guidelines                                                                                                                                                                                               43

https://doi.org/10.1016/S0140-6736(15)00391-8
https://doi.org/10.1016/S0140-6736(15)00391-8
https://doi.org/10.1373/clinchem.2016.268359
https://doi.org/10.1373/clinchem.2016.268359
https://doi.org/10.1373/clinchem.2019.305193
https://doi.org/10.1016/j.ahj.2021.08.008
https://doi.org/10.1016/j.amjcard.2021.08.007
https://doi.org/10.1016/j.amjcard.2021.08.007
https://doi.org/10.1016/j.jacc.2021.01.004
https://doi.org/10.1016/j.jacc.2021.01.004
https://doi.org/10.1373/clinchem.2019.307405
https://doi.org/10.1016/j.amjmed.2014.10.032
https://doi.org/10.1016/j.amjmed.2014.10.032
https://doi.org/10.1016/j.jacc.2019.12.065
https://doi.org/10.1016/j.jacc.2019.12.065
https://doi.org/10.1016/j.ahj.2022.10.007
https://doi.org/10.1093/clinchem/hvab203
https://doi.org/10.1016/j.ahj.2023.11.014
https://doi.org/10.1016/j.ahj.2023.11.014
https://doi.org/10.1093/eurheartj/eht530
https://doi.org/10.1016/j.ahj.2012.11.010
https://doi.org/10.1016/j.ahj.2012.11.010
https://doi.org/10.1016/j.amjmed.2012.07.015
https://doi.org/10.1016/j.amjmed.2012.07.015
https://doi.org/10.1016/S0140-6736(18)31923-8
https://doi.org/10.1177/2048872616653229
https://doi.org/10.1177/2048872616653229
https://doi.org/10.1177/2048872616653228
https://doi.org/10.1093/eurheartj/ehx492
https://doi.org/10.1093/eurheartj/ehx492
https://doi.org/10.1056/NEJMoa1803377
https://doi.org/10.1161/CIRCULATIONAHA.120.052982
https://doi.org/10.1161/CIRCULATIONAHA.120.052982
https://doi.org/10.1371/journal.pone.0187662
https://doi.org/10.1161/CIRCULATIONAHA.117.028084
https://doi.org/10.1161/CIRCULATIONAHA.117.028084
https://doi.org/10.1016/j.jacc.2010.01.029
https://doi.org/10.1016/j.jacc.2010.01.029
https://doi.org/10.1093/eurheartj/ehu178
https://doi.org/10.1016/j.jacc.2009.01.076
https://doi.org/10.1007/s00392-016-1075-9
https://doi.org/10.1007/s00392-016-1075-9
https://doi.org/10.1373/clinchem.2015.242743
https://doi.org/10.1177/2048872617710791
https://doi.org/10.1016/j.ijcard.2018.10.084
https://doi.org/10.1177/2048872616641289
https://doi.org/10.1016/j.ijcard.2016.08.304
https://doi.org/10.1016/j.ijcard.2016.08.304
https://doi.org/10.1016/j.ijcard.2018.11.140
https://doi.org/10.1016/j.ijcard.2015.04.133
https://doi.org/10.1016/j.ijcard.2015.04.133
https://doi.org/10.1016/j.ijcard.2015.04.134
https://doi.org/10.1016/j.jacc.2019.09.027
https://doi.org/10.1093/eurheartj/ehy669
https://doi.org/10.1016/j.amjcard.2010.08.066
https://doi.org/10.1016/j.amjcard.2010.08.066
https://doi.org/10.1161/CIRCIMAGING.112.980797
https://doi.org/10.1093/eurheartj/ehn492


117. Ghadri JR, Wittstein IS, Prasad A, Sharkey S, Dote K, Akashi YJ, et al. International ex
pert consensus document on Takotsubo syndrome (part II): diagnostic workup, out
come, and management. Eur Heart J 2018;39:2047–2062. https://doi.org/10.1093/ 
eurheartj/ehy077

118. Azmy C, Guerard S, Bonnet X, Gabrielli F, Skalli W. EOS orthopaedic imaging system 
to study patellofemoral kinematics: assessment of uncertainty. Orthop Traumatol Surg 
Res 2010;96:28–36. https://doi.org/10.1016/j.rcot.2009.12.003

119. Hillinger P, Twerenbold R, Wildi K, Rubini Gimenez M, Jaeger C, Boeddinghaus J, et al. 
Gender-specific uncertainties in the diagnosis of acute coronary syndrome. Clin Res 
Cardiol 2017;106:28–37. https://doi.org/10.1007/s00392-016-1020-y

120. Miller-Hodges E, Anand A, Shah ASV, Chapman AR, Gallacher P, Lee KK, et al. 
High-sensitivity cardiac troponin and the risk stratification of patients with renal im
pairment presenting with suspected acute coronary syndrome. Circulation 2018; 
137:425–435. https://doi.org/10.1161/CIRCULATIONAHA.117.030320

121. Gimenez MR, Twerenbold R, Boeddinghaus J, Nestelberger T, Puelacher C, Hillinger P, 
et al. Clinical effect of sex-specific cutoff values of high-sensitivity cardiac troponin T in 
suspected myocardial infarction. JAMA Cardiol 2016;1:912–920. https://doi.org/10. 
1001/jamacardio.2016.2882

122. Mueller-Hennessen M, Lindahl B, Giannitsis E, Biener M, Vafaie M, deFilippi CR, et al. 
Diagnostic and prognostic implications using age- and gender-specific cut-offs for high- 
sensitivity cardiac troponin T—sub-analysis from the TRAPID-AMI study. Int J Cardiol 
2016;209:26–33. https://doi.org/10.1016/j.ijcard.2016.01.213

123. Sorensen NA, Neumann JT, Ojeda F, Schäfer S, Magnussen C, Keller T, et al. Relations 
of sex to diagnosis and outcomes in acute coronary syndrome. J Am Heart Assoc 2018; 
7:e007297. https://doi.org/10.1161/JAHA.117.007297

124. Mehta SR, Granger CB, Boden WE, Steg PG, Bassand J-P, Faxon DP, et al. Early versus 
delayed invasive intervention in acute coronary syndromes. N Engl J Med 2009;360: 
2165–2175. https://doi.org/10.1056/NEJMoa0807986

125. Kofoed KF, Kelbæk H, Hansen PR, Torp-Pedersen C, Høfsten D, Kløvgaard L, et al. 
Early versus standard care invasive examination and treatment of patients with 
non-ST-segment elevation acute coronary syndrome. Circulation 2018;138: 
2741–2750. https://doi.org/10.1161/circulationaha.118.037152

126. Butt JH, Kofoed KF, Kelbæk H, Hansen PR, Torp-Pedersen C, Høfsten D, et al. 
Importance of risk assessment in timing of invasive coronary evaluation and treatment 
of patients with non-ST-segment-elevation acute coronary syndrome: insights from 
the VERDICT trial. J Am Heart Assoc 2021;10:e022333. https://doi.org/10.1161/jaha. 
121.022333

127. Granger CB, Goldberg RJ, Dabbous O, Pieper KS, Eagle KA, Cannon CP, et al. 
Predictors of hospital mortality in the global registry of acute coronary events. Arch 
Intern Med 2003;163:2345–2353. https://doi.org/10.1001/archinte.163.19.2345

128. Moledina SM, Kontopantelis E, Wijeysundera HC, Banerjee S, Van Spall HGC, Gale CP, 
et al. Ethnicity-dependent performance of the global registry of acute coronary events 
risk score for prediction of non-ST-segment elevation myocardial infarction in-hospital 
mortality: nationwide cohort study. Eur Heart J 2022;43:2289–2299. https://doi.org/10. 
1093/eurheartj/ehac052

129. Wallentin L, Becker RC, Budaj A, Cannon CP, Emanuelsson H, Held C, et al. Ticagrelor 
versus clopidogrel in patients with acute coronary syndromes. N Engl J Med 2009;361: 
1045–1057. https://doi.org/10.1056/NEJMoa0904327

130. Yusuf S, Zhao F, Mehta SR, Chrolavicius S, Tognoni G, Fox KK, et al. Effects of clopi
dogrel in addition to aspirin in patients with acute coronary syndromes without 
ST-segment elevation. N Engl J Med 2001;345:494–502. https://doi.org/10.1056/ 
NEJMoa010746

131. Puymirat E, Taldir G, Aissaoui N, Lemesle G, Lorgis L, Cuisset T, et al. Use of invasive 
strategy in non-ST-segment elevation myocardial infarction is a major determinant of 
improved long-term survival: FAST-MI (French Registry of Acute Coronary 
Syndrome). JACC Cardiovasc Interv 2012;5:893–902. https://doi.org/10.1016/j.jcin. 
2012.05.008

132. Bueno H, Rossello X, Pocock SJ, Van de Werf F, Chin CT, Danchin N, et al. In-hospital 
coronary revascularization rates and post-discharge mortality risk in non-ST-segment 
elevation acute coronary syndrome. J Am Coll Cardiol 2019;74:1454–1461. https://doi. 
org/10.1016/j.jacc.2019.06.068

133. Van de Werf F, Gore JM, Avezum A, Avezum Á, Gulba DC, Goodman SG, et al. Access 
to catheterisation facilities in patients admitted with acute coronary syndrome: multi
national registry study. BMJ 2005;330:441. https://doi.org/10.1136/bmj.38335.390718. 
82

134. Bueno H. Medical management: the dark side of acute coronary syndromes. Eur Heart J 
Cardiovasc Pharmacother 2015;1:179–181. https://doi.org/10.1093/ehjcvp/pvv017

135. Giugliano RP, White JA, Bode C, Armstrong PW, Montalescot G, Lewis BS, et al. Early 
versus delayed, provisional eptifibatide in acute coronary syndromes. N Engl J Med 
2009;360:2176–2190. https://doi.org/10.1056/NEJMoa0901316

136. Lindholm D, Varenhorst C, Cannon CP, Harrington RA, Himmelmann A, Maya J, et al. 
Ticagrelor vs. clopidogrel in patients with non-ST-elevation acute coronary syndrome 
with or without revascularization: results from the PLATO trial. Eur Heart J 2014;35: 
2083–2093. https://doi.org/10.1093/eurheartj/ehu160

137. Mega JL, Braunwald E, Wiviott SD, Bassand J-P, Bhatt DL, Bode C, et al. Rivaroxaban in 
patients with a recent acute coronary syndrome. N Engl J Med 2012;366:9–19. https:// 
doi.org/10.1056/NEJMoa1112277

138. Alexander JH, Lopes RD, James S, Kilaru R, He Y, Mohan P, et al. Apixaban with anti
platelet therapy after acute coronary syndrome. N Engl J Med 2011;365:699–708. 
https://doi.org/10.1056/NEJMoa1105819

139. Mauri L, Kereiakes DJ, Yeh RW, Driscoll-Shempp P, Cutlip DE, Steg PG, et al. Twelve 
or 30 months of dual antiplatelet therapy after drug-eluting stents. N Engl J Med 2014; 
371:2155–2166. https://doi.org/10.1056/NEJMoa1409312

140. Bonaca MP, Bhatt DL, Steg PG, Storey RF, Cohen M, Im K, et al. Ischaemic risk and 
efficacy of ticagrelor in relation to time from P2Y12 inhibitor withdrawal in patients 
with prior myocardial infarction: insights from PEGASUS-TIMI 54. Eur Heart J 2016; 
37:1133–1142. https://doi.org/10.1093/eurheartj/ehv531

141. Bonaca MP, Bhatt DL, Cohen M, Steg PG, Storey RF, Jensen EC, et al. Long-term use of 
ticagrelor in patients with prior myocardial infarction. N Engl J Med 2015;372: 
1791–1800. https://doi.org/10.1056/NEJMoa1500857

142. Steg PG, Bhatt DL, Simon T, Fox K, Mehta SR, Harrington RA, et al. Ticagrelor in pa
tients with stable coronary disease and diabetes. N Engl J Med 2019;381:1309–1320. 
https://doi.org/10.1056/NEJMoa1908077

143. Eikelboom JW, Connolly SJ, Bosch J, Dagenais GR, Hart RG, Shestakovska O, et al. 
Rivaroxaban with or without aspirin in stable cardiovascular disease. N Engl J Med 
2017;377:1319–1330. https://doi.org/10.1056/NEJMoa1709118

144. Connolly SJ, Eikelboom JW, Bosch J, Dagenais G, Dyal L, Lanas F, et al. Rivaroxaban 
with or without aspirin in patients with stable coronary artery disease: an international, 
randomised, double-blind, placebo-controlled trial. Lancet 2018;391:205–218. https:// 
doi.org/10.1016/s0140-6736(17)32458-3

145. Fox KA, Mehta SR, Peters R, Zhao F, Lakkis N, Gersh BJ, et al. Benefits and risks of the 
combination of clopidogrel and aspirin in patients undergoing surgical revascularization 
for non-ST-elevation acute coronary syndrome: the Clopidogrel in Unstable angina to 
prevent Recurrent ischemic Events (CURE) trial. Circulation 2004;110:1202–1208. 
https://doi.org/10.1161/01.Cir.0000140675.85342.1b

146. Held C, Asenblad N, Bassand JP, Becker RC, Cannon CP, Claeys MJ, et al. Ticagrelor 
versus clopidogrel in patients with acute coronary syndromes undergoing coronary ar
tery bypass surgery: results from the PLATO (Platelet Inhibition and Patient 
Outcomes) trial. J Am Coll Cardiol 2011;57:672–684. https://doi.org/10.1016/j.jacc. 
2010.10.029

147. Dewilde WJ, Oirbans T, Verheugt FW, Kelder JC, De Smet BJGL, Herrman J-P, et al. 
Use of clopidogrel with or without aspirin in patients taking oral anticoagulant therapy 
and undergoing percutaneous coronary intervention: an open-label, randomised, con
trolled trial. Lancet 2013;381:1107–1115. https://doi.org/10.1016/s0140-6736(12) 
62177-1

148. Fiedler KA, Maeng M, Mehilli J, Schulz-Schüpke S, Byrne RA, Sibbing D, et al. Duration 
of triple therapy in patients requiring oral anticoagulation after drug-eluting stent im
plantation: the ISAR-TRIPLE trial. J Am Coll Cardiol 2015;65:1619–1629. https://doi.org/ 
10.1016/j.jacc.2015.02.050

149. Gibson CM, Mehran R, Bode C, Halperin J, Verheugt FW, Wildgoose P, et al. 
Prevention of bleeding in patients with atrial fibrillation undergoing PCI. N Engl J 
Med 2016;375:2423–2434. https://doi.org/10.1056/NEJMoa1611594

150. Cannon CP, Bhatt DL, Oldgren J, Lip GYH, Ellis SG, Kimura T, et al. Dual antithrom
botic therapy with dabigatran after PCI in atrial fibrillation. N Engl J Med 2017;377: 
1513–1524. https://doi.org/10.1056/NEJMoa1708454

151. Lopes RD, Heizer G, Aronson R, Vora AN, Massaro T, Mehran R, et al. Antithrombotic 
therapy after acute coronary syndrome or PCI in atrial fibrillation. N Engl J Med 2019; 
380:1509–1524. https://doi.org/10.1056/NEJMoa1817083

152. Vranckx P, Valgimigli M, Eckardt L, Tijssen J, Lewalter T, Gargiulo G, et al. 
Edoxaban-based versus vitamin K antagonist-based antithrombotic regimen after suc
cessful coronary stenting in patients with atrial fibrillation (ENTRUST-AF PCI): a ran
domised, open-label, phase 3b trial. Lancet 2019;394:1335–1343. https://doi.org/10. 
1016/s0140-6736(19)31872-0

153. Armstrong PW, Gershlick AH, Goldstein P, Wilcox R, Danays T, Lambert Y, et al. 
Fibrinolysis or primary PCI in ST-segment elevation myocardial infarction. N Engl J 
Med 2013;368:1379–1387. https://doi.org/10.1056/NEJMoa1301092

154. GUSTO Investigators. An international randomized trial comparing four thrombolytic 
strategies for acute myocardial infarction. N Engl J Med 1993;329:673–682. https://doi. 
org/10.1056/nejm199309023291001

155. Van De Werf F, Adgey J, Ardissino D, Amstrong PW, Aylward P, Barbash G, et al. 
Single-bolus tenecteplase compared with front-loaded alteplase in acute myocardial 
infarction: the ASSENT-2 double-blind randomised trial. Lancet 1999;354:716–722. 
https://doi.org/10.1016/s0140-6736(99)07403-6

156. Group FTTFC. Indications for fibrinolytic therapy in suspected acute myocardial in
farction: collaborative overview of early mortality and major morbidity results from 
all randomised trials of more than 1000 patients. Lancet 1994;343:311–322. https:// 
doi.org/10.1016/S0140-6736(94)91161-4

157. Van de Werf F, Barron HV, Armstrong PW, Granger CB, Berioli S, Barbash G, et al. 
Incidence and predictors of bleeding events after fibrinolytic therapy with fibrin- 

44                                                                                                                                                                                               ESC Guidelines

https://doi.org/10.1093/eurheartj/ehy077
https://doi.org/10.1093/eurheartj/ehy077
https://doi.org/10.1016/j.rcot.2009.12.003
https://doi.org/10.1007/s00392-016-1020-y
https://doi.org/10.1161/CIRCULATIONAHA.117.030320
https://doi.org/10.1001/jamacardio.2016.2882
https://doi.org/10.1001/jamacardio.2016.2882
https://doi.org/10.1016/j.ijcard.2016.01.213
https://doi.org/10.1161/JAHA.117.007297
https://doi.org/10.1056/NEJMoa0807986
https://doi.org/10.1161/circulationaha.118.037152
https://doi.org/10.1161/jaha.121.022333
https://doi.org/10.1161/jaha.121.022333
https://doi.org/10.1001/archinte.163.19.2345
https://doi.org/10.1093/eurheartj/ehac052
https://doi.org/10.1093/eurheartj/ehac052
https://doi.org/10.1056/NEJMoa0904327
https://doi.org/10.1056/NEJMoa010746
https://doi.org/10.1056/NEJMoa010746
https://doi.org/10.1016/j.jcin.2012.05.008
https://doi.org/10.1016/j.jcin.2012.05.008
https://doi.org/10.1016/j.jacc.2019.06.068
https://doi.org/10.1016/j.jacc.2019.06.068
https://doi.org/10.1136/bmj.38335.390718.82
https://doi.org/10.1136/bmj.38335.390718.82
https://doi.org/10.1093/ehjcvp/pvv017
https://doi.org/10.1056/NEJMoa0901316
https://doi.org/10.1093/eurheartj/ehu160
https://doi.org/10.1056/NEJMoa1112277
https://doi.org/10.1056/NEJMoa1112277
https://doi.org/10.1056/NEJMoa1105819
https://doi.org/10.1056/NEJMoa1409312
https://doi.org/10.1093/eurheartj/ehv531
https://doi.org/10.1056/NEJMoa1500857
https://doi.org/10.1056/NEJMoa1908077
https://doi.org/10.1056/NEJMoa1709118
https://doi.org/10.1016/s0140-6736(17)32458-3
https://doi.org/10.1016/s0140-6736(17)32458-3
https://doi.org/10.1161/01.Cir.0000140675.85342.1b
https://doi.org/10.1016/j.jacc.2010.10.029
https://doi.org/10.1016/j.jacc.2010.10.029
https://doi.org/10.1016/s0140-6736(12)62177-1
https://doi.org/10.1016/s0140-6736(12)62177-1
https://doi.org/10.1016/j.jacc.2015.02.050
https://doi.org/10.1016/j.jacc.2015.02.050
https://doi.org/10.1056/NEJMoa1611594
https://doi.org/10.1056/NEJMoa1708454
https://doi.org/10.1056/NEJMoa1817083
https://doi.org/10.1016/s0140-6736(19)31872-0
https://doi.org/10.1016/s0140-6736(19)31872-0
https://doi.org/10.1056/NEJMoa1301092
https://doi.org/10.1056/nejm199309023291001
https://doi.org/10.1056/nejm199309023291001
https://doi.org/10.1016/s0140-6736(99)07403-6
https://doi.org/10.1016/S0140-6736(94)91161-4
https://doi.org/10.1016/S0140-6736(94)91161-4


specific agents: a comparison of TNK-tPA and rt-PA. Eur Heart J 2001;22:2253–2261. 
https://doi.org/10.1053/euhj.2001.2686

158. White HD. Thrombolytic therapy in the elderly. Lancet 2000;356:2028–2030. https:// 
doi.org/10.1016/s0140-6736(00)03397-3

159. Investigators TGUoStOOAGI. A comparison of reteplase with alteplase for acute 
myocardial infarction. N Engl J Med 1997;337:1118–1123. https://doi.org/10.1056/ 
nejm199710163371603

160. Böttiger BW, Arntz HR, Chamberlain DA, Bluhmki E, Belmans A, Danays T, et al. 
Thrombolysis during resuscitation for out-of-hospital cardiac arrest. N Engl J Med 
2008;359:2651–2662. https://doi.org/10.1056/NEJMoa070570

161. James SK, Roe MT, Cannon CP, Cornel JH, Horrow J, Husted S, et al. Ticagrelor versus 
clopidogrel in patients with acute coronary syndromes intended for non-invasive man
agement: substudy from prospective randomised PLATelet inhibition and patient 
Outcomes (PLATO) trial. BMJ 2011;342:d3527. https://doi.org/10.1136/bmj.d3527

162. Husted S, James S, Becker RC, Horrow J, Katus H, Storey RF, et al. Ticagrelor versus 
clopidogrel in elderly patients with acute coronary syndromes: a substudy from the 
prospective randomized PLATelet inhibition and patient Outcomes (PLATO) trial. 
Circ Cardiovasc Qual Outcomes 2012;5:680–688. https://doi.org/10.1161/ 
circoutcomes.111.964395

163. Szummer K, Montez-Rath ME, Alfredsson J, Erlinge D, Lindahl B, Hofmann R, et al. 
Comparison between ticagrelor and clopidogrel in elderly patients with an acute cor
onary syndrome: insights from the SWEDEHEART registry. Circulation 2020;142: 
1700–1708. https://doi.org/10.1161/circulationaha.120.050645

164. Gimbel M, Qaderdan K, Willemsen L, Hermanides R, Bergmeijer T, de Vrey E, et al. 
Clopidogrel versus ticagrelor or prasugrel in patients aged 70 years or older with 
non-ST-elevation acute coronary syndrome (POPular AGE): the randomised, open- 
label, non-inferiority trial. Lancet 2020;395:1374–1381. https://doi.org/10.1016/ 
s0140-6736(20)30325-1

165. Sinning C, Ahrens I, Cariou A, Beygui F, Lamhaut L, Halvorsen S, et al. The cardiac ar
rest centre for the treatment of sudden cardiac arrest due to presumed cardiac cause 
—aims, function and structure: position paper of the association for Acute 
CardioVascular Care of the European Society of Cardiology (AVCV), European 
Association of Percutaneous Coronary Interventions (EAPCI), European Heart 
Rhythm Association (EHRA), European Resuscitation Council (ERC), European 
Society for Emergency Medicine (EUSEM) and European Society of Intensive Care 
Medicine (ESICM). Eur Heart J Acute Cardiovasc Care 2020;9:S193–S202. https://doi. 
org/10.1177/2048872620963492

166. Yeung J, Matsuyama T, Bray J, Reynolds J, Skrifvars MB. Does care at a cardiac arrest 
centre improve outcome after out-of-hospital cardiac arrest?—A systematic review. 
Resuscitation 2019;137:102–115. https://doi.org/10.1016/j.resuscitation.2019.02.006

167. Wnent J, Seewald S, Heringlake M, Lemke H, Brauer K, Lefering R, et al. Choice of hos
pital after out-of-hospital cardiac arrest–a decision with far-reaching consequences: a 
study in a large German city. Crit Care 2012;16:R164. https://doi.org/10.1186/cc11516

168. Kragholm K, Malta Hansen C, Dupre ME, Xian Y, Strauss B, Tyson C, et al. Direct trans
port to a percutaneous cardiac intervention center and outcomes in patients with 
out-of-hospital cardiac arrest. Circ Cardiovasc Qual Outcomes 2017;10:e003414. 
https://doi.org/10.1161/circoutcomes.116.003414

169. Dafaalla M, Rashid M, Sun L, Quinn T, Timmis A, Wijeysundera H, et al. Impact of avail
ability of catheter laboratory facilities on management and outcomes of acute myocar
dial infarction presenting with out of hospital cardiac arrest. Resuscitation 2022;170: 
327–334. https://doi.org/10.1016/j.resuscitation.2021.10.031

170. Kelham M, Jones TN, Rathod KS, Guttmann O, Proudfoot A, Rees P, et al. An obser
vational study assessing the impact of a cardiac arrest centre on patient outcomes after 
out-of-hospital cardiac arrest (OHCA). Eur Heart J Acute Cardiovasc Care 2020;9: 
S67–S73. https://doi.org/10.1177/2048872620974606

171. Bonnefoy-Cudraz E, Bueno H, Casella G, De Maria E, Fitzsimons D, Halvorsen S, et al. 
Editor’s choice—acute cardiovascular care association position paper on intensive car
diovascular care units: an update on their definition, structure, organisation and func
tion. Eur Heart J Acute Cardiovasc Care 2018;7:80–95. https://doi.org/10.1177/ 
2048872617724269

172. van Diepen S, Katz JN, Morrow DA. Will cardiac intensive care unit admissions war
rant appropriate use criteria in the future? Circulation 2019;140:267–269. https://doi. 
org/10.1161/circulationaha.118.039125

173. Claeys MJ, Roubille F, Casella G, Zukermann R, Nikolaou N, De Luca L, et al. 
Organization of intensive cardiac care units in Europe: results of a multinational survey. 
Eur Heart J Acute Cardiovasc Care 2020;9:993–1001. https://doi.org/10.1177/ 
2048872619883997

174. Melberg T, Jørgensen M, Ørn S, Solli T, Edland U, Dickstein K. Safety and health status 
following early discharge in patients with acute myocardial infarction treated with pri
mary PCI: a randomized trial. Eur J Prev Cardiol 2015;22:1427–1434. https://doi.org/10. 
1177/2047487314559276

175. Tickoo S, Bhardwaj A, Fonarow GC, Liang L, Bhatt DL, Cannon CP. Relation between 
hospital length of stay and quality of care in patients with acute coronary syndromes 
(from the American Heart Association’s get with the guidelines–coronary artery dis
ease data set). Am J Cardiol 2016;117:201–205. https://doi.org/10.1016/j.amjcard.2015. 
10.027

176. Eagle KA, Lim MJ, Dabbous OH, Pieper KS, Goldberg RJ, Van de Werf F, et al. A vali
dated prediction model for all forms of acute coronary syndrome: estimating the risk 
of 6-month postdischarge death in an international registry. JAMA 2004;291: 
2727–2733. https://doi.org/10.1001/jama.291.22.2727

177. Fox KA, Dabbous OH, Goldberg RJ, Pieper KS, Eagle KA, Van de Werf F, et al. 
Prediction of risk of death and myocardial infarction in the six months after presenta
tion with acute coronary syndrome: prospective multinational observational study 
(GRACE). BMJ 2006;333:1091. https://doi.org/10.1136/bmj.38985.646481.55

178. Fox KA, Fitzgerald G, Puymirat E, Huang W, Carruthers K, Simon T, et al. Should pa
tients with acute coronary disease be stratified for management according to their 
risk? Derivation, external validation and outcomes using the updated GRACE risk 
score. BMJ Open 2014;4:e004425. https://doi.org/10.1136/bmjopen-2013-004425

179. Fox KA, Eagle KA, Gore JM, Steg PG, Anderson FA. The global registry of acute cor
onary events, 1999 to 2009–GRACE. Heart 2010;96:1095–1101. https://doi.org/10. 
1136/hrt.2009.190827

180. Bing R, Goodman SG, Yan AT, Fox K, Gale CP, Hyun K, et al. Use of clinical risk strati
fication in non-ST elevation acute coronary syndromes: an analysis from the 
CONCORDANCE registry. Eur Heart J Qual Care Clin Outcomes 2018;4:309–317. 
https://doi.org/10.1093/ehjqcco/qcy002

181. Chew DP, Junbo G, Parsonage W, Kerkar P, Sulimov VA, Horsfall M, et al. Perceived 
risk of ischemic and bleeding events in acute coronary syndromes. Circ Cardiovasc Qual 
Outcomes 2013;6:299–308. https://doi.org/10.1161/circoutcomes.111.000072

182. Hall M, Bebb OJ, Dondo TB, Yan AT, Goodman SG, Bueno H, et al. Guideline-indicated 
treatments and diagnostics, GRACE risk score, and survival for non-ST elevation myo
cardial infarction. Eur Heart J 2018;39:3798–3806. https://doi.org/10.1093/eurheartj/ 
ehy517

183. Fox KA, Anderson FA Jr, Dabbous OH, Steg PG, Lopez-Sendon J, Van de Werf F, et al. 
Intervention in acute coronary syndromes: do patients undergo intervention on the 
basis of their risk characteristics? The Global Registry of Acute Coronary Events 
(GRACE). Heart 2007;93:177–182. https://doi.org/10.1136/hrt.2005.084830

184. Saar A, Marandi T, Ainla T, Fischer K, Blöndal M, Eha J. The risk-treatment paradox in 
non-ST-elevation myocardial infarction patients according to their estimated GRACE 
risk. Int J Cardiol 2018;272:26–32. https://doi.org/10.1016/j.ijcard.2018.08.015

185. Chew DP, Astley CM, Luker H, Alprandi-Costa B, Hillis G, Chow CK, et al. A cluster 
randomized trial of objective risk assessment versus standard care for acute coronary 
syndromes: rationale and design of the Australian GRACE Risk score Intervention 
Study (AGRIS). Am Heart J 2015;170:995–1004.e1. https://doi.org/10.1016/j.ahj. 
2015.07.032

186. Everett CC, Fox KA, Reynolds C, Fernandez C, Sharples L, Stocken DD, et al. 
Evaluation of the impact of the GRACE risk score on the management and outcome 
of patients hospitalised with non-ST elevation acute coronary syndrome in the UK: 
protocol of the UKGRIS cluster-randomised registry-based trial. BMJ Open 2019;9: 
e032165. https://doi.org/10.1136/bmjopen-2019-032165

187. Chew DP, Hyun K, Morton E, Horsfall M, Hillis GS, Chow CK, et al. Objective risk as
sessment vs standard care for acute coronary syndromes: a randomized clinical trial. 
JAMA Cardiol 2021;6:304–313. https://doi.org/10.1001/jamacardio.2020.6314

188. Hall M, Dondo TB, Yan AT, Goodman SG, Bueno H, Chew DP, et al. Association of 
clinical factors and therapeutic strategies with improvements in survival following 
non-ST-elevation myocardial infarction, 2003–2013. JAMA 2016;316:1073–1082. 
https://doi.org/10.1001/jama.2016.10766

189. Bricker RS, Valle JA, Plomondon ME, Armstrong EJ, Waldo SW. Causes of mortality 
after percutaneous coronary intervention. Circ Cardiovasc Qual Outcomes 2019;12: 
e005355. https://doi.org/10.1161/circoutcomes.118.005355

190. Chang WC, Boersma E, Granger CB, Harrington RA, Califf RM, Simoons ML, et al. 
Dynamic prognostication in non-ST-elevation acute coronary syndromes: insights 
from GUSTO-IIb and PURSUIT. Am Heart J 2004;148:62–71. https://doi.org/10. 
1016/j.ahj.2003.05.004

191. Fox KA, Anderson FA Jr, Goodman SG, Steg PG, Pieper K, Quill A, et al. Time course of 
events in acute coronary syndromes: implications for clinical practice from the GRACE 
registry. Nat Clin Pract Cardiovasc Med 2008;5:580–589. https://doi.org/10.1038/ 
ncpcardio1302

192. Spoon DB, Psaltis PJ, Singh M, Holmes DR, Gersh BJ, Rihal CS, et al. Trends in cause of 
death after percutaneous coronary intervention. Circulation 2014;129:1286–1294. 
https://doi.org/10.1161/circulationaha.113.006518

193. Simms AD, Reynolds S, Pieper K, Baxter PD, Cattle BA, Batin PD, et al. Evaluation of 
the NICE mini-GRACE risk scores for acute myocardial infarction using the Myocardial 
Ischaemia National Audit Project (MINAP) 2003–2009: National Institute for 
Cardiovascular Outcomes Research (NICOR). Heart 2013;99:35–40. https://doi.org/ 
10.1136/heartjnl-2012-302632

194. Meune C, Drexler B, Haaf P, Reichlin T, Reiter M, Meissner J, et al. The GRACE score’s 
performance in predicting in-hospital and 1-year outcome in the era of high-sensitivity 
cardiac troponin assays and B-type natriuretic peptide. Heart 2011;97:1479–1483. 
https://doi.org/10.1136/hrt.2010.220988

195. Elbarouni B, Goodman SG, Yan RT, Welsh RC, Kornder JM, DeYoung JP, et al. 
Validation of the Global Registry of Acute Coronary Event (GRACE) risk score for in- 

ESC Guidelines                                                                                                                                                                                               45

https://doi.org/10.1053/euhj.2001.2686
https://doi.org/10.1016/s0140-6736(00)03397-3
https://doi.org/10.1016/s0140-6736(00)03397-3
https://doi.org/10.1056/nejm199710163371603
https://doi.org/10.1056/nejm199710163371603
https://doi.org/10.1056/NEJMoa070570
https://doi.org/10.1136/bmj.d3527
https://doi.org/10.1161/circoutcomes.111.964395
https://doi.org/10.1161/circoutcomes.111.964395
https://doi.org/10.1161/circulationaha.120.050645
https://doi.org/10.1016/s0140-6736(20)30325-1
https://doi.org/10.1016/s0140-6736(20)30325-1
https://doi.org/10.1177/2048872620963492
https://doi.org/10.1177/2048872620963492
https://doi.org/10.1016/j.resuscitation.2019.02.006
https://doi.org/10.1186/cc11516
https://doi.org/10.1161/circoutcomes.116.003414
https://doi.org/10.1016/j.resuscitation.2021.10.031
https://doi.org/10.1177/2048872620974606
https://doi.org/10.1177/2048872617724269
https://doi.org/10.1177/2048872617724269
https://doi.org/10.1161/circulationaha.118.039125
https://doi.org/10.1161/circulationaha.118.039125
https://doi.org/10.1177/2048872619883997
https://doi.org/10.1177/2048872619883997
https://doi.org/10.1177/2047487314559276
https://doi.org/10.1177/2047487314559276
https://doi.org/10.1016/j.amjcard.2015.10.027
https://doi.org/10.1016/j.amjcard.2015.10.027
https://doi.org/10.1001/jama.291.22.2727
https://doi.org/10.1136/bmj.38985.646481.55
https://doi.org/10.1136/bmjopen-2013-004425
https://doi.org/10.1136/hrt.2009.190827
https://doi.org/10.1136/hrt.2009.190827
https://doi.org/10.1093/ehjqcco/qcy002
https://doi.org/10.1161/circoutcomes.111.000072
https://doi.org/10.1093/eurheartj/ehy517
https://doi.org/10.1093/eurheartj/ehy517
https://doi.org/10.1136/hrt.2005.084830
https://doi.org/10.1016/j.ijcard.2018.08.015
https://doi.org/10.1016/j.ahj.2015.07.032
https://doi.org/10.1016/j.ahj.2015.07.032
https://doi.org/10.1136/bmjopen-2019-032165
https://doi.org/10.1001/jamacardio.2020.6314
https://doi.org/10.1001/jama.2016.10766
https://doi.org/10.1161/circoutcomes.118.005355
https://doi.org/10.1016/j.ahj.2003.05.004
https://doi.org/10.1016/j.ahj.2003.05.004
https://doi.org/10.1038/ncpcardio1302
https://doi.org/10.1038/ncpcardio1302
https://doi.org/10.1161/circulationaha.113.006518
https://doi.org/10.1136/heartjnl-2012-302632
https://doi.org/10.1136/heartjnl-2012-302632
https://doi.org/10.1136/hrt.2010.220988


hospital mortality in patients with acute coronary syndrome in Canada. Am Heart J 
2009;158:392–399. https://doi.org/10.1016/j.ahj.2009.06.010

196. Lin A, Devlin G, Lee M, Kerr AJ. Performance of the GRACE scores in a New Zealand 
acute coronary syndrome cohort. Heart 2014;100:1960–1966. https://doi.org/10. 
1136/heartjnl-2014-306062

197. Wenzl FA, Kraler S, Ambler G, Weston C, Herzog SA, Räber L, et al. Sex-specific 
evaluation and redevelopment of the GRACE score in non-ST-segment elevation 
acute coronary syndromes in populations from the UK and Switzerland: a multination
al analysis with external cohort validation. Lancet 2022;400:744–756. https://doi.org/ 
10.1016/s0140-6736(22)01483-0

198. Redfors B, Chen S, Crowley A, Ben-Yehuda O, Gersh BJ, Lembo NJ, et al. B-Type natri
uretic peptide assessment in patients undergoing revascularization for left main coron
ary artery disease. Circulation 2018;138:469–478. https://doi.org/10.1161/ 
CIRCULATIONAHA.118.033631

199. Michou E, Fahrni G, Mueller C. Quantifying heart failure using natriuretic peptides may 
help the HEART team in decision-making. Eur Heart J 2019;40:3406–3408. https://doi. 
org/10.1093/eurheartj/ehz572

200. Zhang C, Jiang L, Xu L, Tian J, Liu J, Zhao X, et al. Implications of N-terminal pro-B-type 
natriuretic peptide in patients with three-vessel disease. Eur Heart J 2019;40: 
3397–3405. https://doi.org/10.1093/eurheartj/ehz394

201. Shen S, Ye J, Wu X, Li X. Association of N-terminal pro-brain natriuretic peptide level 
with adverse outcomes in patients with acute myocardial infarction: a meta-analysis. 
Heart Lung 2021;50:863–869. https://doi.org/10.1016/j.hrtlng.2021.07.007

202. Thygesen K, Mair J, Mueller C, Huber K, Weber M, Plebani M, et al. Recommendations 
for the use of natriuretic peptides in acute cardiac care: a position statement from the 
Study Group on Biomarkers in Cardiology of the ESC Working Group on Acute 
Cardiac Care. Eur Heart J 2012;33:2001–2006. https://doi.org/10.1093/eurheartj/ 
ehq509

203. de Lemos JA, Morrow DA, Bentley JH, Omland T, Sabatine MS, McCabe CH, et al. The 
prognostic value of B-type natriuretic peptide in patients with acute coronary syn
dromes. N Engl J Med 2001;345:1014–1021. https://doi.org/10.1056/NEJMoa011053

204. Morrow DA, de Lemos JA, Sabatine MS, Murphy SA, Demopoulos LA, DiBattiste PM, 
et al. Evaluation of B-type natriuretic peptide for risk assessment in unstable angina/ 
non-ST-elevation myocardial infarction: B-type natriuretic peptide and prognosis in 
TACTICS-TIMI 18. J Am Coll Cardiol 2003;41:1264–1272. https://doi.org/10.1016/ 
s0735-1097(03)00168-2

205. O’Donoghue M, de Lemos JA, Morrow DA, Murphy SA, Buros JL, Cannon CP, et al. 
Prognostic utility of heart-type fatty acid binding protein in patients with acute coron
ary syndromes. Circulation 2006;114:550–557. https://doi.org/10.1161/circulationaha. 
106.641936

206. Balmelli C, Meune C, Twerenbold R, Reichlin T, Rieder S, Drexler B, et al. Comparison 
of the performances of cardiac troponins, including sensitive assays, and copeptin in 
the diagnostic of acute myocardial infarction and long-term prognosis between wo
men and men. Am Heart J 2013;166:30–37. https://doi.org/10.1016/j.ahj.2013.03.014

207. Dhillon OS, Khan SQ, Narayan HK, Ng KH, Struck J, Quinn PA, et al. Prognostic value 
of mid-regional pro-adrenomedullin levels taken on admission and discharge in 
non-ST-elevation myocardial infarction: the LAMP (Leicester Acute Myocardial 
Infarction Peptide) II study. J Am Coll Cardiol 2010;56:125–133. https://doi.org/10. 
1016/j.jacc.2010.01.060

208. Maisel A, Mueller C, Neath SX, Christenson RH, Morgenthaler NG, McCord J, et al. 
Copeptin helps in the early detection of patients with acute myocardial infarction: pri
mary results of the CHOPIN trial (Copeptin Helps in the early detection Of Patients 
with acute myocardial INfarction). J Am Coll Cardiol 2013;62:150–160. https://doi.org/ 
10.1016/j.jacc.2013.04.011

209. Sabatine MS, Morrow DA, de Lemos JA, Gibson CM, Murphy SA, Rifai N, et al. 
Multimarker approach to risk stratification in non-ST elevation acute coronary syn
dromes: simultaneous assessment of troponin I, C-reactive protein, and B-type natri
uretic peptide. Circulation 2002;105:1760–1763. https://doi.org/10.1161/01.cir. 
0000015464.18023.0a

210. Wollert KC, Kempf T, Peter T, Olofsson S, James S, Johnston N, et al. Prognostic value 
of growth-differentiation factor-15 in patients with non-ST-elevation acute coronary 
syndrome. Circulation 2007;115:962–971. https://doi.org/10.1161/circulationaha.106. 
650846

211. Subherwal S, Bach RG, Chen AY, Gage BF, Rao SV, Newby LK, et al. Baseline risk of 
major bleeding in non-ST-segment-elevation myocardial infarction: the CRUSADE 
(Can Rapid risk stratification of Unstable angina patients Suppress ADverse outcomes 
with Early implementation of the ACC/AHA Guidelines) bleeding score. Circulation 
2009;119:1873–1882. https://doi.org/10.1161/circulationaha.108.828541

212. Abu-Assi E, Raposeiras-Roubin S, Lear P, Cabanas-Grandío P, Girondo M, 
Rodríguez-Cordero M, et al. Comparing the predictive validity of three contemporary 
bleeding risk scores in acute coronary syndrome. Eur Heart J Acute Cardiovasc Care 
2012;1:222–231. https://doi.org/10.1177/2048872612453924

213. Mehran R, Pocock SJ, Nikolsky E, Clayton T, Dangas GD, Kirtane AJ, et al. A risk score 
to predict bleeding in patients with acute coronary syndromes. J Am Coll Cardiol 2010; 
55:2556–2566. https://doi.org/10.1016/j.jacc.2009.09.076

214. Urban P, Mehran R, Colleran R, Angiolillo DJ, Byrne RA, Capodanno D, et al. Defining 
high bleeding risk in patients undergoing percutaneous coronary intervention: a con
sensus document from the academic research consortium for high bleeding risk. Eur 
Heart J 2019;40:2632–2653. https://doi.org/10.1093/eurheartj/ehz372

215. Natsuaki M, Morimoto T, Shiomi H, Yamaji K, Watanabe H, Shizuta S, et al. Application 
of the academic research consortium high bleeding risk criteria in an all-comers regis
try of percutaneous coronary intervention. Circ Cardiovasc Interv 2019;12:e008307. 
https://doi.org/10.1161/circinterventions.119.008307

216. Ueki Y, Bär S, Losdat S, Otsuka T, Zanchin C, Zanchin T, et al. Validation of the 
Academic Research Consortium for High Bleeding Risk (ARC-HBR) criteria in patients 
undergoing percutaneous coronary intervention and comparison with contemporary 
bleeding risk scores. Eurointervention 2020;16:371–379. https://doi.org/10.4244/eij-d- 
20-00052

217. Capodanno D, Morice MC, Angiolillo DJ, Bhatt DL, Byrne RA, Colleran R, et al. Trial 
design principles for patients at high bleeding risk undergoing PCI: JACC scientific ex
pert panel. J Am Coll Cardiol 2020;76:1468–1483. https://doi.org/10.1016/j.jacc.2020. 
06.085

218. Urban P, Meredith IT, Abizaid A, Pocock SJ, Carrié D, Naber C, et al. Polymer-free 
drug-coated coronary stents in patients at high bleeding risk. N Engl J Med 2015; 
373:2038–2047. https://doi.org/10.1056/NEJMoa1503943

219. Valgimigli M, Patialiakas A, Thury A, McFadden E, Colangelo S, Campo G, et al. 
Zotarolimus-eluting versus bare-metal stents in uncertain drug-eluting stent candi
dates. J Am Coll Cardiol 2015;65:805–815. https://doi.org/10.1016/j.jacc.2014.11.053

220. Varenne O, Cook S, Sideris G, Kedev S, Cuisset T, Carrié D, et al. Drug-eluting stents in 
elderly patients with coronary artery disease (SENIOR): a randomised single-blind trial. 
Lancet 2018;391:41–50. https://doi.org/10.1016/s0140-6736(17)32713-7

221. Yeh RW, Secemsky EA, Kereiakes DJ, Normand S-LT, Gershlick AH, Cohen DJ, et al. 
Development and validation of a prediction rule for benefit and harm of dual antipla
telet therapy beyond 1 year after percutaneous coronary intervention. JAMA 2016; 
315:1735–1749. https://doi.org/10.1001/jama.2016.3775

222. Costa F, van Klaveren D, James S, Heg D, Räber L, Feres F, et al. Derivation and valid
ation of the predicting bleeding complications in patients undergoing stent implant
ation and subsequent dual antiplatelet therapy (PRECISE-DAPT) score: a pooled 
analysis of individual-patient datasets from clinical trials. Lancet 2017;389: 
1025–1034. https://doi.org/10.1016/s0140-6736(17)30397-5

223. Bianco M, D’Ascenzo F, Raposeiras Roubin S, Kinnaird T, Peyracchia M, Ariza-Solé A, 
et al. Comparative external validation of the PRECISE-DAPT and PARIS risk scores in 
4424 acute coronary syndrome patients treated with prasugrel or ticagrelor. Int J 
Cardiol 2020;301:200–206. https://doi.org/10.1016/j.ijcard.2019.11.132

224. Piccolo R, Gargiulo G, Franzone A, Santucci A, Ariotti S, Baldo A, et al. Use of the 
dual-antiplatelet therapy score to guide treatment duration after percutaneous coron
ary intervention. Ann Intern Med 2017;167:17–25. https://doi.org/10.7326/m16-2389

225. Lambert LJ, Brophy JM, Racine N, Rinfret S, L’Allier PL, Brown KA, et al. Outcomes of 
patients with ST-elevation myocardial infarction receiving and not receiving reperfu
sion therapy: the importance of examining all patients. Can J Cardiol 2016;32: 
1325.e11–1325.e18. https://doi.org/10.1016/j.cjca.2016.02.073

226. Hong SJ, Kim BK, Shin DH, Nam C-M, Kim J-S, Ko Y-G, et al. Effect of intravascular 
ultrasound-guided vs angiography-guided everolimus-eluting stent implantation: the 
IVUS-XPL randomized clinical trial. JAMA 2015;314:2155–2163. https://doi.org/10. 
1001/jama.2015.15454

227. Zhang J, Gao X, Kan J, Ge Z, Han L, Lu S, et al. Intravascular ultrasound versus 
angiography-guided drug-eluting stent implantation: the ULTIMATE trial. J Am Coll 
Cardiol 2018;72:3126–3137. https://doi.org/10.1016/j.jacc.2018.09.013

228. Gao XF, Ge Z, Kong XQ, Kan J, Han L, Lu S, et al. 3-Year outcomes of the ULTIMATE 
trial comparing intravascular ultrasound versus angiography-guided drug-eluting stent 
implantation. JACC Cardiovasc Interv 2021;14:247–257. https://doi.org/10.1016/j.jcin. 
2020.10.001

229. Meneveau N, Souteyrand G, Motreff P, Caussin C, Amabile N, Ohlmann P, et al. 
Optical coherence tomography to optimize results of percutaneous coronary inter
vention in patients with non-ST-elevation acute coronary syndrome: results of the 
multicenter, randomized DOCTORS study (Does Optical Coherence Tomography 
Optimize Results of Stenting). Circulation 2016;134:906–917. https://doi.org/10. 
1161/CIRCULATIONAHA.116.024393

230. Kala P, Cervinka P, Jakl M, Kanovsky J, Kupec A, Spacek R, et al. OCT Guidance during 
stent implantation in primary PCI: a randomized multicenter study with nine months of 
optical coherence tomography follow-up. Int J Cardiol 2018;250:98–103. https://doi. 
org/10.1016/j.ijcard.2017.10.059

231. Ali ZA, Maehara A, Genereux P, Shlofmitz RA, Fabbiocchi F, Nazif TM, et al. Optical 
coherence tomography compared with intravascular ultrasound and with angiography 
to guide coronary stent implantation (ILUMIEN III: OPTIMIZE PCI): a randomised con
trolled trial. Lancet 2016;388:2618–2628. https://doi.org/10.1016/S0140-6736(16) 
31922-5

232. Ali ZA, Karimi Galougahi K, Maehara A, Shlofmitz RA, Fabbiocchi F, Guagliumi G, et al. 
Outcomes of optical coherence tomography compared with intravascular ultrasound 
and with angiography to guide coronary stent implantation: one-year results from the 

46                                                                                                                                                                                               ESC Guidelines

https://doi.org/10.1016/j.ahj.2009.06.010
https://doi.org/10.1136/heartjnl-2014-306062
https://doi.org/10.1136/heartjnl-2014-306062
https://doi.org/10.1016/s0140-6736(22)01483-0
https://doi.org/10.1016/s0140-6736(22)01483-0
https://doi.org/10.1161/CIRCULATIONAHA.118.033631
https://doi.org/10.1161/CIRCULATIONAHA.118.033631
https://doi.org/10.1093/eurheartj/ehz572
https://doi.org/10.1093/eurheartj/ehz572
https://doi.org/10.1093/eurheartj/ehz394
https://doi.org/10.1016/j.hrtlng.2021.07.007
https://doi.org/10.1093/eurheartj/ehq509
https://doi.org/10.1093/eurheartj/ehq509
https://doi.org/10.1056/NEJMoa011053
https://doi.org/10.1016/s0735-1097(03)00168-2
https://doi.org/10.1016/s0735-1097(03)00168-2
https://doi.org/10.1161/circulationaha.106.641936
https://doi.org/10.1161/circulationaha.106.641936
https://doi.org/10.1016/j.ahj.2013.03.014
https://doi.org/10.1016/j.jacc.2010.01.060
https://doi.org/10.1016/j.jacc.2010.01.060
https://doi.org/10.1016/j.jacc.2013.04.011
https://doi.org/10.1016/j.jacc.2013.04.011
https://doi.org/10.1161/01.cir.0000015464.18023.0a
https://doi.org/10.1161/01.cir.0000015464.18023.0a
https://doi.org/10.1161/circulationaha.106.650846
https://doi.org/10.1161/circulationaha.106.650846
https://doi.org/10.1161/circulationaha.108.828541
https://doi.org/10.1177/2048872612453924
https://doi.org/10.1016/j.jacc.2009.09.076
https://doi.org/10.1093/eurheartj/ehz372
https://doi.org/10.1161/circinterventions.119.008307
https://doi.org/10.4244/eij-d-20-00052
https://doi.org/10.4244/eij-d-20-00052
https://doi.org/10.1016/j.jacc.2020.06.085
https://doi.org/10.1016/j.jacc.2020.06.085
https://doi.org/10.1056/NEJMoa1503943
https://doi.org/10.1016/j.jacc.2014.11.053
https://doi.org/10.1016/s0140-6736(17)32713-7
https://doi.org/10.1001/jama.2016.3775
https://doi.org/10.1016/s0140-6736(17)30397-5
https://doi.org/10.1016/j.ijcard.2019.11.132
https://doi.org/10.7326/m16-2389
https://doi.org/10.1016/j.cjca.2016.02.073
https://doi.org/10.1001/jama.2015.15454
https://doi.org/10.1001/jama.2015.15454
https://doi.org/10.1016/j.jacc.2018.09.013
https://doi.org/10.1016/j.jcin.2020.10.001
https://doi.org/10.1016/j.jcin.2020.10.001
https://doi.org/10.1161/CIRCULATIONAHA.116.024393
https://doi.org/10.1161/CIRCULATIONAHA.116.024393
https://doi.org/10.1016/j.ijcard.2017.10.059
https://doi.org/10.1016/j.ijcard.2017.10.059
https://doi.org/10.1016/S0140-6736(16)31922-5
https://doi.org/10.1016/S0140-6736(16)31922-5


ILUMIEN III: OPTIMIZE PCI trial. Eurointervention 2021;16:1085–1091. https://doi.org/ 
10.4244/eij-d-20-00498

233. Kubo T, Shinke T, Okamura T, Hibi K, Nakazawa G, Morino Y, et al. Optical frequency 
domain imaging vs. intravascular ultrasound in percutaneous coronary intervention 
(OPINION trial): one-year angiographic and clinical results. Eur Heart J 2017;38: 
3139–3147. https://doi.org/10.1093/eurheartj/ehx351

234. Carrick D, Haig C, Carberry J, May VTY, McCartney P, Welsh P, et al. Microvascular 
resistance of the culprit coronary artery in acute ST-elevation myocardial infarction. JCI 
Insight 2016;1:e85768. https://doi.org/10.1172/jci.insight.85768

235. Cuculi F, Dall’Armellina E, Manlhiot C, De Caterina AR, Colyer S, Ferreira V, et al. Early 
change in invasive measures of microvascular function can predict myocardial recovery 
following PCI for ST-elevation myocardial infarction. Eur Heart J 2014;35:1971–1980. 
https://doi.org/10.1093/eurheartj/eht434

236. Carrick D, Haig C, Ahmed N, Carberry J, Yue May VT, McEntegart M, et al. 
Comparative prognostic utility of indexes of microvascular function alone or in com
bination in patients with an acute ST-segment-elevation myocardial infarction. 
Circulation 2016;134:1833–1847. https://doi.org/10.1161/circulationaha.116.022603

237. Murai T, Yonetsu T, Kanaji Y, Usui E, Hoshino M, Hada M, et al. Prognostic value of the 
index of microcirculatory resistance after percutaneous coronary intervention in pa
tients with non-ST-segment elevation acute coronary syndrome. Catheter Cardiovasc 
Interv 2018;92:1063–1074. https://doi.org/10.1002/ccd.27529

238. Maznyczka AM, Oldroyd KG, McCartney P, McEntegart M, Berry C. The potential use 
of the index of microcirculatory resistance to guide stratification of patients for ad
junctive therapy in acute myocardial infarction. JACC Cardiovasc Interv 2019;12: 
951–966. https://doi.org/10.1016/j.jcin.2019.01.246

239. van Leeuwen MAH, van der Hoeven NW, Janssens GN, Everaars H, Nap A, Lemkes JS, 
et al. Evaluation of microvascular injury in revascularized patients with 
ST-segment-elevation myocardial infarction treated with ticagrelor versus prasugrel. 
Circulation 2019;139:636–646. https://doi.org/10.1161/circulationaha.118.035931

240. Maznyczka AM, McCartney PJ, Oldroyd KG, Lindsay M, McEntegart M, Eteiba H, et al. 
Effects of intracoronary alteplase on microvascular function in acute myocardial infarc
tion. J Am Heart Assoc 2020;9:e014066. https://doi.org/10.1161/jaha.119.014066

241. Kapur NK, Paruchuri V, Urbano-Morales JA, Mackey EE, Daly GH, Qiao X, et al. 
Mechanically unloading the left ventricle before coronary reperfusion reduces left ven
tricular wall stress and myocardial infarct size. Circulation 2013;128:328–336. https:// 
doi.org/10.1161/circulationaha.112.000029

242. Watanabe S, Fish K, Kovacic JC, Bikou O, Leonardson L, Nomoto K, et al. Left ventricu
lar unloading using an impella CP improves coronary flow and infarct zone perfusion in 
ischemic heart failure. J Am Heart Assoc 2018;7:e006462. https://doi.org/10.1161/jaha. 
117.006462

243. Esposito ML, Zhang Y, Qiao X, Reyelt L, Paruchuri V, Schnitzler GR, et al. Left ventricu
lar unloading before reperfusion promotes functional recovery after acute myocardial 
infarction. J Am Coll Cardiol 2018;72:501–514. https://doi.org/10.1016/j.jacc.2018.05. 
034

244. Patel MR, Smalling RW, Thiele H, Barnhart HX, Zhou Y, Chandra P, et al. Intra-aortic 
balloon counterpulsation and infarct size in patients with acute anterior myocardial in
farction without shock: the CRISP AMI randomized trial. JAMA 2011;306:1329–1337. 
https://doi.org/10.1001/jama.2011.1280

245. Kapur NK, Alkhouli MA, DeMartini TJ, Faraz H, George ZH, Goodwin MJ, et al. 
Unloading the left ventricle before reperfusion in patients with anterior 
ST-segment-elevation myocardial infarction. Circulation 2019;139:337–346. https:// 
doi.org/10.1161/circulationaha.118.038269

246. Erlinge D. A review of mild hypothermia as an adjunctive treatment for ST-elevation 
myocardial infarction. Ther Hypothermia Temp Manag 2011;1:129–141. https://doi.org/ 
10.1089/ther.2011.0008

247. Dixon SR, Whitbourn RJ, Dae MW, Nguyen TT, O’Neill WW, Grube E, et al. Induction 
of mild systemic hypothermia with endovascular cooling during primary percutaneous 
coronary intervention for acute myocardial infarction. J Am Coll Cardiol 2002;40: 
1928–1934. https://doi.org/10.1016/s0735-1097(02)02567-6

248. Götberg M, Olivecrona GK, Koul S, Carlsson M, Engblom H, Ugander M, et al. A pilot 
study of rapid cooling by cold saline and endovascular cooling before reperfusion in 
patients with ST-elevation myocardial infarction. Circ Cardiovasc Interv 2010;3: 
400–407. https://doi.org/10.1161/circinterventions.110.957902

249. Erlinge D, Götberg M, Lang I, Holzer M, Noc M, Clemmensen P, et al. Rapid endovas
cular catheter core cooling combined with cold saline as an adjunct to percutaneous 
coronary intervention for the treatment of acute myocardial infarction. The CHILL-MI 
trial: a randomized controlled study of the use of central venous catheter core cooling 
combined with cold saline as an adjunct to percutaneous coronary intervention for the 
treatment of acute myocardial infarction. J Am Coll Cardiol 2014;63:1857–1865. https:// 
doi.org/10.1016/j.jacc.2013.12.027

250. Nichol G, Strickland W, Shavelle D, Maehara A, Ben-Yehuda O, Genereux P, et al. 
Prospective, multicenter, randomized, controlled pilot trial of peritoneal hypothermia 
in patients with ST-segment-elevation myocardial infarction. Circ Cardiovasc Interv 
2015;8:e001965. https://doi.org/10.1161/circinterventions.114.001965

251. Noc M, Erlinge D, Neskovic AN, Kafedzic S, Merkely B, Zima E, et al. COOL AMI EU 
pilot trial: a multicentre, prospective, randomised controlled trial to assess cooling as 

an adjunctive therapy to percutaneous intervention in patients with acute myocardial 
infarction. Eurointervention 2017;13:e531–e539. https://doi.org/10.4244/eij-d-17- 
00279

252. Ibáñez B, Heusch G, Ovize M, Van de Werf F. Evolving therapies for myocardial ische
mia/reperfusion injury. J Am Coll Cardiol 2015;65:1454–1471. https://doi.org/10.1016/j. 
jacc.2015.02.032

253. Hausenloy DJ, Botker HE, Engstrom T, Erlinge D, Heusch G, Ibanez B, et al. Targeting 
reperfusion injury in patients with ST-segment elevation myocardial infarction: trials 
and tribulations. Eur Heart J 2017;38:935–941. https://doi.org/10.1093/eurheartj/ 
ehw145

254. García-Prieto J, Villena-Gutiérrez R, Gómez M, Bernardo E, Pun-García A, 
García-Lunar I, et al. Neutrophil stunning by metoprolol reduces infarct size. Nat 
Commun 2017;8:14780. https://doi.org/10.1038/ncomms14780

255. Ibanez B, Macaya C, Sánchez-Brunete V, Pizarro G, Fernández-Friera L, Mateos A, et al. 
Effect of early metoprolol on infarct size in ST-segment-elevation myocardial infarction 
patients undergoing primary percutaneous coronary intervention: the Effect of 
Metoprolol in Cardioprotection During an Acute Myocardial Infarction 
(METOCARD-CNIC) trial. Circulation 2013;128:1495–1503. https://doi.org/10.1161/ 
circulationaha.113.003653

256. Pizarro G, Fernández-Friera L, Fuster V, Fernández-Jiménez R, García-Ruiz JM, 
García-Álvarez A, et al. Long-term benefit of early pre-reperfusion metoprolol admin
istration in patients with acute myocardial infarction: results from the 
METOCARD-CNIC trial (Effect of Metoprolol in Cardioprotection During an 
Acute Myocardial Infarction). J Am Coll Cardiol 2014;63:2356–2362. https://doi.org/ 
10.1016/j.jacc.2014.03.014

257. Roolvink V, Ibáñez B, Ottervanger JP, Pizarro G, van Royen N, Mateos A, et al. Early 
intravenous beta-blockers in patients with ST-segment elevation myocardial infarction 
before primary percutaneous coronary intervention. J Am Coll Cardiol 2016;67: 
2705–2715. https://doi.org/10.1016/j.jacc.2016.03.522

258. García-Ruiz JM, Fernández-Jiménez R, García-Alvarez A, Pizarro G, Galán-Arriola C, 
Fernández-Friera L, et al. Impact of the timing of metoprolol administration during 
STEMI on infarct size and ventricular function. J Am Coll Cardiol 2016;67:2093–2104. 
https://doi.org/10.1016/j.jacc.2016.02.050

259. Lobo-Gonzalez M, Galán-Arriola C, Rossello X, González-Del-Hoyo M, Vilchez JP, 
Higuero-Verdejo MI, et al. Metoprolol blunts the time-dependent progression of in
farct size. Basic Res Cardiol 2020;115:55. https://doi.org/10.1007/s00395-020-0812-4

260. Clemente-Moragón A, Gómez M, Villena-Gutiérrez R, Lalama DV, García-Prieto J, 
Martínez F, et al. Metoprolol exerts a non-class effect against ischaemia-reperfusion 
injury by abrogating exacerbated inflammation. Eur Heart J 2020;41:4425–4440. 
https://doi.org/10.1093/eurheartj/ehaa733

261. Belle L, Motreff P, Mangin L, Rangé G, Marcaggi X, Marie A, et al. Comparison of imme
diate with delayed stenting using the minimalist immediate mechanical intervention ap
proach in acute ST-segment-elevation myocardial infarction: the MIMI study. Circ 
Cardiovasc Interv 2016;9:e003388. https://doi.org/10.1161/circinterventions.115.003388

262. Carrick D, Oldroyd KG, McEntegart M, Haig C, Petrie MC, Eteiba H, et al. A rando
mized trial of deferred stenting versus immediate stenting to prevent no- or slow- 
reflow in acute ST-segment elevation myocardial infarction (DEFER-STEMI). J Am 
Coll Cardiol 2014;63:2088–2098. https://doi.org/10.1016/j.jacc.2014.02.530

263. Kelbæk H, Høfsten DE, Køber L, Helqvist S, Kløvgaard L, Holmvang L, et al. Deferred 
versus conventional stent implantation in patients with ST-segment elevation myocar
dial infarction (DANAMI 3-DEFER): an open-label, randomised controlled trial. Lancet 
2016;387:2199–2206. https://doi.org/10.1016/s0140-6736(16)30072-1

264. Lønborg J, Engstrøm T, Ahtarovski KA, Nepper-Christensen L, Helqvist S, Vejlstrup N, 
et al. Myocardial damage in patients with deferred stenting after STEMI: a 
DANAMI-3-DEFER substudy. J Am Coll Cardiol 2017;69:2794–2804. https://doi.org/ 
10.1016/j.jacc.2017.03.601

265. Kim JS, Lee HJ, Woong Yu C, Kim YM, Hong SJ, Park JH, et al. INNOVATION Study 
(impact of immediate stent implantation versus deferred stent implantation on infarct 
size and microvascular perfusion in patients with ST-segment-elevation myocardial in
farction). Circ Cardiovasc Interv 2016;9:e004101. https://doi.org/10.1161/ 
circinterventions.116.004101

266. Qiao J, Pan L, Zhang B, Wang J, Zhao Y, Yang R, et al. Deferred versus immediate stent
ing in patients with ST-segment elevation myocardial infarction: a systematic review 
and meta-analysis. J Am Heart Assoc 2017;6:e004838. https://doi.org/10.1161/jaha. 
116.004838

267. Ali Z, Landmesser U, Karimi Galougahi K, Maehara A, Matsumura M, Shlofmitz RA, 
et al. Optical coherence tomography-guided coronary stent implantation compared 
to angiography: a multicentre randomised trial in PCI—design and rationale of 
ILUMIEN IV: OPTIMAL PCI. Eurointervention 2021;16:1092–1099. https://doi.org/10. 
4244/eij-d-20-00501

268. Pizzi C, Xhyheri B, Costa GM, Faustino M, Flacco ME, Gualano MR, et al. 
Nonobstructive versus obstructive coronary artery disease in acute coronary syn
drome: a meta-analysis. J Am Heart Assoc 2016;5:e004185. https://doi.org/10.1161/ 
jaha.116.004185

269. Safdar B, Spatz ES, Dreyer RP, Beltrame JF, Lichtman JH, Spertus JA, et al. Presentation, 
clinical profile, and prognosis of young patients with Myocardial Infarction with 

ESC Guidelines                                                                                                                                                                                               47

https://doi.org/10.4244/eij-d-20-00498
https://doi.org/10.4244/eij-d-20-00498
https://doi.org/10.1093/eurheartj/ehx351
https://doi.org/10.1172/jci.insight.85768
https://doi.org/10.1093/eurheartj/eht434
https://doi.org/10.1161/circulationaha.116.022603
https://doi.org/10.1002/ccd.27529
https://doi.org/10.1016/j.jcin.2019.01.246
https://doi.org/10.1161/circulationaha.118.035931
https://doi.org/10.1161/jaha.119.014066
https://doi.org/10.1161/circulationaha.112.000029
https://doi.org/10.1161/circulationaha.112.000029
https://doi.org/10.1161/jaha.117.006462
https://doi.org/10.1161/jaha.117.006462
https://doi.org/10.1016/j.jacc.2018.05.034
https://doi.org/10.1016/j.jacc.2018.05.034
https://doi.org/10.1001/jama.2011.1280
https://doi.org/10.1161/circulationaha.118.038269
https://doi.org/10.1161/circulationaha.118.038269
https://doi.org/10.1089/ther.2011.0008
https://doi.org/10.1089/ther.2011.0008
https://doi.org/10.1016/s0735-1097(02)02567-6
https://doi.org/10.1161/circinterventions.110.957902
https://doi.org/10.1016/j.jacc.2013.12.027
https://doi.org/10.1016/j.jacc.2013.12.027
https://doi.org/10.1161/circinterventions.114.001965
https://doi.org/10.4244/eij-d-17-00279
https://doi.org/10.4244/eij-d-17-00279
https://doi.org/10.1016/j.jacc.2015.02.032
https://doi.org/10.1016/j.jacc.2015.02.032
https://doi.org/10.1093/eurheartj/ehw145
https://doi.org/10.1093/eurheartj/ehw145
https://doi.org/10.1038/ncomms14780
https://doi.org/10.1161/circulationaha.113.003653
https://doi.org/10.1161/circulationaha.113.003653
https://doi.org/10.1016/j.jacc.2014.03.014
https://doi.org/10.1016/j.jacc.2014.03.014
https://doi.org/10.1016/j.jacc.2016.03.522
https://doi.org/10.1016/j.jacc.2016.02.050
https://doi.org/10.1007/s00395-020-0812-4
https://doi.org/10.1093/eurheartj/ehaa733
https://doi.org/10.1161/circinterventions.115.003388
https://doi.org/10.1016/j.jacc.2014.02.530
https://doi.org/10.1016/s0140-6736(16)30072-1
https://doi.org/10.1016/j.jacc.2017.03.601
https://doi.org/10.1016/j.jacc.2017.03.601
https://doi.org/10.1161/circinterventions.116.004101
https://doi.org/10.1161/circinterventions.116.004101
https://doi.org/10.1161/jaha.116.004838
https://doi.org/10.1161/jaha.116.004838
https://doi.org/10.4244/eij-d-20-00501
https://doi.org/10.4244/eij-d-20-00501
https://doi.org/10.1161/jaha.116.004185
https://doi.org/10.1161/jaha.116.004185


Nonobstructive Coronary Arteries (MINOCA): results from the VIRGO study. J Am 
Heart Assoc 2018;7:e009174. https://doi.org/10.1161/jaha.118.009174

270. Ciliberti G, Coiro S, Tritto I, Benedetti M, Guerra F, Del Pinto M, et al. Predictors of 
poor clinical outcomes in patients with acute myocardial infarction and non- 
obstructed coronary arteries (MINOCA). Int J Cardiol 2018;267:41–45. https://doi. 
org/10.1016/j.ijcard.2018.03.092

271. Kunadian V, Chieffo A, Camici PG, Berry C, Escaned J, Maas AHEM, et al. An EAPCI 
expert consensus document on ischaemia with non-obstructive coronary arteries in 
collaboration with European Society of Cardiology Working Group on coronary 
pathophysiology & microcirculation endorsed by coronary vasomotor disorders inter
national study group. Eur Heart J 2020;41:3504–3520. https://doi.org/10.1093/ 
eurheartj/ehaa503

272. Lindahl B, Baron T, Erlinge D, Hadziosmanovic N, Nordenskjöld A, Gard A, et al. 
Medical therapy for secondary prevention and long-term outcome in patients with 
myocardial infarction with nonobstructive coronary artery disease. Circulation 2017; 
135:1481–1489. https://doi.org/10.1161/circulationaha.116.026336

273. Grodzinsky A, Arnold SV, Gosch K, Spertus JA, Foody JM, Beltrame J, et al. Angina fre
quency after acute myocardial infarction in patients without obstructive coronary ar
tery disease. Eur Heart J Qual Care Clin Outcomes 2015;1:92–99. https://doi.org/10. 
1093/ehjqcco/qcv014

274. Vijayalakshmi K, De Belder MA. Angiographic and physiologic assessment of coronary 
flow and myocardial perfusion in the cardiac catheterization laboratory. Acute Card 
Care 2008;10:69–78. https://doi.org/10.1080/17482940701606905

275. Kunadian V, Harrigan C, Zorkun C, Palmer AM, Ogando KJ, Biller LH, et al. Use of the 
TIMI frame count in the assessment of coronary artery blood flow and microvascular 
function over the past 15 years. J Thromb Thrombolysis 2009;27:316–328. https://doi. 
org/10.1007/s11239-008-0220-3

276. Adlam D, Alfonso F, Maas A, Vrints C. European Society of Cardiology, Acute 
Cardiovascular Care Association, SCAD study group: a position paper on spontan
eous coronary artery dissection. Eur Heart J 2018;39:3353–3368. https://doi.org/10. 
1093/eurheartj/ehy080

277. Lee BK, Lim HS, Fearon WF, Yong AS, Yamada R, Tanaka S, et al. Invasive evaluation of 
patients with angina in the absence of obstructive coronary artery disease. Circulation 
2015;131:1054–1060. https://doi.org/10.1161/circulationaha.114.012636

278. Ford TJ, Stanley B, Good R, Rocchiccioli P, McEntegart M, Watkins S, et al. Stratified 
medical therapy using invasive coronary function testing in angina: the CorMicA trial. 
J Am Coll Cardiol 2018;72:2841–2855. https://doi.org/10.1016/j.jacc.2018.09.006

279. Ford TJ, Ong P, Sechtem U, Beltrame J, Camici PG, Crea F, et al. Assessment of vascular 
dysfunction in patients without obstructive coronary artery disease: why, how, and 
when. JACC Cardiovasc Interv 2020;13:1847–1864. https://doi.org/10.1016/j.jcin.2020. 
05.052

280. Ciliberti G, Seshasai SRK, Ambrosio G, Kaski JC. Safety of intracoronary provocative 
testing for the diagnosis of coronary artery spasm. Int J Cardiol 2017;244:77–83. 
https://doi.org/10.1016/j.ijcard.2017.05.109

281. Montone RA, Niccoli G, Fracassi F, Russo M, Gurgoglione F, Cammà G, et al. Patients 
with acute myocardial infarction and non-obstructive coronary arteries: safety and 
prognostic relevance of invasive coronary provocative tests. Eur Heart J 2018;39: 
91–98. https://doi.org/10.1093/eurheartj/ehx667

282. Kubo T, Imanishi T, Takarada S, Kuroi A, Ueno S, Yamano T, et al. Assessment of cul
prit lesion morphology in acute myocardial infarction: ability of optical coherence tom
ography compared with intravascular ultrasound and coronary angioscopy. J Am Coll 
Cardiol 2007;50:933–939. https://doi.org/10.1016/j.jacc.2007.04.082

283. Sinclair H, Bourantas C, Bagnall A, Mintz GS, Kunadian V. OCT for the identification of 
vulnerable plaque in acute coronary syndrome. JACC Cardiovasc Imaging 2015;8: 
198–209. https://doi.org/10.1016/j.jcmg.2014.12.005

284. Johnson TW, Räber L, di Mario C, Bourantas C, Jia H, Mattesini A, et al. Clinical use of 
intracoronary imaging. Part 2: acute coronary syndromes, ambiguous coronary angiog
raphy findings, and guiding interventional decision-making: an expert consensus docu
ment of the European Association of Percutaneous Cardiovascular Interventions. Eur 
Heart J 2019;40:2566–2584. https://doi.org/10.1093/eurheartj/ehz332

285. Konstantinides SV, Torbicki A, Agnelli G, Danchin N, Fitzmaurice D, Galiè N, et al. 
2014 ESC guidelines on the diagnosis and management of acute pulmonary embolism. 
Eur Heart J 2014;35:3033–3080,3069a-3069k. https://doi.org/10.1093/eurheartj/ 
ehu283

286. Imazio M, Negro A, Belli R, Beqaraj F, Forno D, Giammaria M, et al. Frequency and 
prognostic significance of pericarditis following acute myocardial infarction treated 
by primary percutaneous coronary intervention. Am J Cardiol 2009;103:1525–1529. 
https://doi.org/10.1016/j.amjcard.2009.01.366

287. Imazio M, Hoit BD. Post-cardiac injury syndromes. An emerging cause of pericardial 
diseases. Int J Cardiol 2013;168:648–652. https://doi.org/10.1016/j.ijcard.2012.09.052

288. Rossello X, Wiegerinck RF, Alguersuari J, Bardají A, Worner F, Sutil M, et al. New elec
trocardiographic criteria to differentiate acute pericarditis and myocardial infarction. 
Am J Med 2014;127:233–239. https://doi.org/10.1016/j.amjmed.2013.11.006

289. Adler Y, Charron P, Imazio M, Badano L, Barón-Esquivias G, Bogaert J, et al. 2015 ESC 
Guidelines for the diagnosis and management of pericardial diseases: the Task Force 
for the diagnosis and management of pericardial diseases of the European Society of 

Cardiology (ESC). Endorsed by: the European Association for Cardio-Thoracic 
Surgery (EACTS). Eur Heart J 2015;36:2921–2964. https://doi.org/10.1093/eurheartj/ 
ehv318

290. Verma BR, Montane B, Chetrit M, Khayata M, Furqan MM, Ayoub C, et al. Pericarditis 
and post-cardiac injury syndrome as a sequelae of acute myocardial infarction. Curr 
Cardiol Rep 2020;22:127. https://doi.org/10.1007/s11886-020-01371-5

291. Imazio M, Lazaros G, Picardi E, Vasileiou P, Orlando F, Carraro M, et al. Incidence and 
prognostic significance of new onset atrial fibrillation/flutter in acute pericarditis. Heart 
2015;101:1463–1467. https://doi.org/10.1136/heartjnl-2014-307398

292. Hansson EC, Shams Hakimi C, Åström-Olsson K, Hesse C, Wallén H, Dellborg M, et al. 
Effects of ex vivo platelet supplementation on platelet aggregability in blood samples 
from patients treated with acetylsalicylic acid, clopidogrel, or ticagrelor. Br J Anaesth 
2014;112:570–575. https://doi.org/10.1093/bja/aet339

293. Zafar MU, Santos-Gallego C, Vorchheimer DA, Viles-Gonzalez JF, Elmariah S, 
Giannarelli C, et al. Platelet function normalization after a prasugrel loading-dose: time- 
dependent effect of platelet supplementation. J Thromb Haemost 2013;11:100–106. 
https://doi.org/10.1111/jth.12058

294. Buchanan A, Newton P, Pehrsson S, Inghardt T, Antonsson T, Svensson P, et al. 
Structural and functional characterization of a specific antidote for ticagrelor. Blood 
2015;125:3484–3490. https://doi.org/10.1182/blood-2015-01-622928

295. Ageno W, Crowther M, Steidl L, Ultori C, Mera V, Dentali F, et al. Low dose oral vita
min K to reverse acenocoumarol-induced coagulopathy: a randomized controlled trial. 
Thromb Haemost 2002;88:48–51. https://doi.org/10.1055/s-0037-1613152

296. Crowther MA, Julian J, McCarty D, Douketis J, Kovacs M, Biagoni L, et al. Treatment of 
warfarin-associated coagulopathy with oral vitamin K: a randomised controlled trial. 
Lancet 2000;356:1551–1553. https://doi.org/10.1016/s0140-6736(00)03125-1

297. Ageno W, Gallus AS, Wittkowsky A, Crowther M, Hylek EM, Palareti G, et al. Oral 
anticoagulant therapy: antithrombotic therapy and prevention of thrombosis, 9th 
ed: American College of chest physicians evidence-based clinical practice guidelines. 
Chest 2012;141:e44S–e88S. https://doi.org/10.1378/chest.11-2292

298. Pollack CVJ, Reilly PA, van Ryn J, Eikelboom JW, Glund S, Bernstein RA, et al. 
Idarucizumab for dabigatran reversal—full cohort analysis. N Engl J Med 2017;377: 
431–441. https://doi.org/10.1056/NEJMoa1707278

299. Tomaselli GF, Mahaffey KW, Cuker A, Dobesh PP, Doherty JU, Eikelboom JW, et al. 
2017 ACC expert consensus decision pathway on management of bleeding in patients 
on oral anticoagulants: a report of the American College of Cardiology Task Force on 
expert consensus decision pathways. J Am Coll Cardiol 2017;70:3042–3067. https://doi. 
org/10.1016/j.jacc.2017.09.1085

300. Eerenberg ES, Kamphuisen PW, Sijpkens MK, Meijers JC, Buller HR, Levi M, et al. 
Reversal of rivaroxaban and dabigatran by prothrombin complex concentrate: a ran
domized, placebo-controlled, crossover study in healthy subjects. Circulation 2011; 
124:1573–1579. https://doi.org/10.1161/circulationaha.111.029017

301. Connolly SJ, Crowther M, Eikelboom JW, Gibson CM, Curnutte JT, Lawrence JH, et al. 
Full study report of andexanet alfa for bleeding associated with factor Xa inhibitors. N 
Engl J Med 2019;380:1326–1335. https://doi.org/10.1056/NEJMoa1814051

302. Connolly SJ, Milling TJ Jr, Eikelboom JW, Gibson CM, Curnutte JT, Gold A, et al. 
Andexanet alfa for acute major bleeding associated with factor Xa inhibitors. N Engl 
J Med 2016;375:1131–1141. https://doi.org/10.1056/NEJMoa1607887

303. Ndrepepa G, Guerra E, Schulz S, Fusaro M, Cassese S, Kastrati A, et al. Weight of the 
bleeding impact on early and late mortality after percutaneous coronary intervention. J 
Thromb Thrombolysis 2015;39:35–42. https://doi.org/10.1007/s11239-014-1084-3

304. Leibundgut G, Pache J, Schulz S, Berger PB, Ferenc M, Gick M, et al. Collagen plug vas
cular closure devices and reduced risk of bleeding with bivalirudin versus heparin plus 
abciximab in patients undergoing percutaneous coronary intervention for non 
ST-segment elevation myocardial infarction. J Interv Cardiol 2013;26:623–629. 
https://doi.org/10.1111/joic.12067

305. Ndrepepa G, Neumann FJ, Richardt G, Schulz S, Tölg R, Stoyanov KM, et al. Prognostic 
value of access and non-access sites bleeding after percutaneous coronary interven
tion. Circ Cardiovasc Interv 2013;6:354–361. https://doi.org/10.1161/circinterventions. 
113.000433

306. Marso SP, Amin AP, House JA, Kennedy KF, Spertus JA, Rao SV, et al. Association be
tween use of bleeding avoidance strategies and risk of periprocedural bleeding among 
patients undergoing percutaneous coronary intervention. JAMA 2010;303:2156–2164. 
https://doi.org/10.1001/jama.2010.708

307. Valgimigli M, Gagnor A, Calabró P, Frigoli E, Leonardi S, Zaro T, et al. Radial versus fem
oral access in patients with acute coronary syndromes undergoing invasive manage
ment: a randomised multicentre trial. Lancet 2015;385:2465–2476. https://doi.org/ 
10.1016/s0140-6736(15)60292-6

308. Schulz-Schüpke S, Helde S, Gewalt S, Ibrahim T, Linhardt M, Haas K, et al. Comparison 
of vascular closure devices vs manual compression after femoral artery puncture: the 
ISAR-CLOSURE randomized clinical trial. JAMA 2014;312:1981–1987. https://doi.org/ 
10.1001/jama.2014.15305

309. Shi J, Ji H, Ren F, Wang G, Xu M, Xue Y, et al. Protective effects of tranexamic acid on 
clopidogrel before coronary artery bypass grafting: a multicenter randomized trial. 
JAMA Surg 2013;148:538–547. https://doi.org/10.1001/jamasurg.2013.1560

48                                                                                                                                                                                               ESC Guidelines

https://doi.org/10.1161/jaha.118.009174
https://doi.org/10.1016/j.ijcard.2018.03.092
https://doi.org/10.1016/j.ijcard.2018.03.092
https://doi.org/10.1093/eurheartj/ehaa503
https://doi.org/10.1093/eurheartj/ehaa503
https://doi.org/10.1161/circulationaha.116.026336
https://doi.org/10.1093/ehjqcco/qcv014
https://doi.org/10.1093/ehjqcco/qcv014
https://doi.org/10.1080/17482940701606905
https://doi.org/10.1007/s11239-008-0220-3
https://doi.org/10.1007/s11239-008-0220-3
https://doi.org/10.1093/eurheartj/ehy080
https://doi.org/10.1093/eurheartj/ehy080
https://doi.org/10.1161/circulationaha.114.012636
https://doi.org/10.1016/j.jacc.2018.09.006
https://doi.org/10.1016/j.jcin.2020.05.052
https://doi.org/10.1016/j.jcin.2020.05.052
https://doi.org/10.1016/j.ijcard.2017.05.109
https://doi.org/10.1093/eurheartj/ehx667
https://doi.org/10.1016/j.jacc.2007.04.082
https://doi.org/10.1016/j.jcmg.2014.12.005
https://doi.org/10.1093/eurheartj/ehz332
https://doi.org/10.1093/eurheartj/ehu283
https://doi.org/10.1093/eurheartj/ehu283
https://doi.org/10.1016/j.amjcard.2009.01.366
https://doi.org/10.1016/j.ijcard.2012.09.052
https://doi.org/10.1016/j.amjmed.2013.11.006
https://doi.org/10.1093/eurheartj/ehv318
https://doi.org/10.1093/eurheartj/ehv318
https://doi.org/10.1007/s11886-020-01371-5
https://doi.org/10.1136/heartjnl-2014-307398
https://doi.org/10.1093/bja/aet339
https://doi.org/10.1111/jth.12058
https://doi.org/10.1182/blood-2015-01-622928
https://doi.org/10.1055/s-0037-1613152
https://doi.org/10.1016/s0140-6736(00)03125-1
https://doi.org/10.1378/chest.11-2292
https://doi.org/10.1056/NEJMoa1707278
https://doi.org/10.1016/j.jacc.2017.09.1085
https://doi.org/10.1016/j.jacc.2017.09.1085
https://doi.org/10.1161/circulationaha.111.029017
https://doi.org/10.1056/NEJMoa1814051
https://doi.org/10.1056/NEJMoa1607887
https://doi.org/10.1007/s11239-014-1084-3
https://doi.org/10.1111/joic.12067
https://doi.org/10.1161/circinterventions.113.000433
https://doi.org/10.1161/circinterventions.113.000433
https://doi.org/10.1001/jama.2010.708
https://doi.org/10.1016/s0140-6736(15)60292-6
https://doi.org/10.1016/s0140-6736(15)60292-6
https://doi.org/10.1001/jama.2014.15305
https://doi.org/10.1001/jama.2014.15305
https://doi.org/10.1001/jamasurg.2013.1560


310. Paone G, Likosky DS, Brewer R, Theurer PF, Bell GF, Cogan CM, et al. Transfusion of 1 
and 2 units of red blood cells is associated with increased morbidity and mortality. Ann 
Thorac Surg 2014;97:87–93; discussion 93–84. https://doi.org/10.1016/j.athoracsur. 
2013.07.020

311. Mehta RH, Sheng S, O’Brien SM, Grover FL, Gammie JS, Ferguson TB, et al. 
Reoperation for bleeding in patients undergoing coronary artery bypass surgery: inci
dence, risk factors, time trends, and outcomes. Circ Cardiovasc Qual Outcomes 2009;2: 
583–590. https://doi.org/10.1161/circoutcomes.109.858811

312. Hardy JF, Bélisle S, Van der Linden P. Efficacy and safety of activated recombinant factor 
VII in cardiac surgical patients. Curr Opin Anaesthesiol 2009;22:95–99. https://doi.org/ 
10.1097/ACO.0b013e32831a40a3

313. Rao SV, Jollis JG, Harrington RA, Granger CB, Newby LK, Armstrong PW, et al. 
Relationship of blood transfusion and clinical outcomes in patients with acute coronary 
syndromes. JAMA 2004;292:1555–1562. https://doi.org/10.1001/jama.292.13.1555

314. Sherwood MW, Wang Y, Curtis JP, Peterson ED, Rao SV. Patterns and outcomes of 
red blood cell transfusion in patients undergoing percutaneous coronary intervention. 
JAMA 2014;311:836–843. https://doi.org/10.1001/jama.2014.980

315. Nikolsky E, Mehran R, Sadeghi HM, Grines CL, Cox DA, Garcia E, et al. Prognostic im
pact of blood transfusion after primary angioplasty for acute myocardial infarction: 
analysis from the CADILLAC (Controlled Abciximab and Device Investigation to 
Lower Late Angioplasty Complications) trial. JACC Cardiovasc Interv 2009;2:624–632. 
https://doi.org/10.1016/j.jcin.2009.05.004

316. Kansagara D, Dyer E, Englander H, Fu R, Freeman M, Kagen D, et al. Treatment of an
emia in patients with heart disease: a systematic review. Ann Intern Med 2013;159: 
746–757. https://doi.org/10.7326/0003-4819-159-11-201312030-00007

317. Carson JL, Carless PA, Hebert PC. Transfusion thresholds and other strategies for 
guiding allogeneic red blood cell transfusion. Cochrane Database Syst Rev 2012;4: 
CD002042. https://doi.org/10.1002/14651858.CD002042.pub3

318. Chatterjee S, Wetterslev J, Sharma A, Lichstein E, Mukherjee D. Association of blood 
transfusion with increased mortality in myocardial infarction: a meta-analysis and 
diversity-adjusted study sequential analysis. JAMA Intern Med 2013;173:132–139. 
https://doi.org/10.1001/2013.jamainternmed.1001

319. Cooper HA, Rao SV, Greenberg MD, Rumsey MP, McKenzie M, Alcorn KW, et al. 
Conservative versus liberal red cell transfusion in acute myocardial infarction (the 
CRIT Randomized Pilot Study). Am J Cardiol 2011;108:1108–1111. https://doi.org/ 
10.1016/j.amjcard.2011.06.014

320. Alexander KP, Chen AY, Wang TY, Rao SV, Newby LK, LaPointe NMA, et al. 
Transfusion practice and outcomes in non-ST-segment elevation acute coronary syn
dromes. Am Heart J 2008;155:1047–1053. https://doi.org/10.1016/j.ahj.2008.01.009

321. Holst LB, Petersen MW, Haase N, Perner A, Wetterslev J. Restrictive versus liberal 
transfusion strategy for red blood cell transfusion: systematic review of randomised 
trials with meta-analysis and trial sequential analysis. BMJ 2015;350:h1354. https:// 
doi.org/10.1136/bmj.h1354

322. Murphy GJ, Pike K, Rogers CA, Wordsworth S, Stokes EA, Angelini GD, et al. Liberal 
or restrictive transfusion after cardiac surgery. N Engl J Med 2015;372:997–1008. 
https://doi.org/10.1056/NEJMoa1403612

323. Wessler JD, Giugliano RP. Risk of thrombocytopenia with glycoprotein IIb/IIIa inhibi
tors across drugs and patient populations: a meta-analysis of 29 large placebo- 
controlled randomized trials. Eur Heart J Cardiovasc Pharmacother 2015;1:97–106. 
https://doi.org/10.1093/ehjcvp/pvu008

324. Dasgupta H, Blankenship JC, Wood GC, Frey CM, Demko SL, Menapace FJ, et al. 
Thrombocytopenia complicating treatment with intravenous glycoprotein IIb/IIIa re
ceptor inhibitors: a pooled analysis. Am Heart J 2000;140:206–211. https://doi.org/ 
10.1067/mhj.2000.107554

325. Bakchoul T, Marini I. Drug-associated thrombocytopenia. Hematology Am Soc Hematol 
Educ Program 2018;2018:576–583. https://doi.org/10.1182/asheducation-2018.1.576

326. Arnold DM, Nazi I, Warkentin TE, Smith JW, Toltl LJ, George JN, et al. Approach to the 
diagnosis and management of drug-induced immune thrombocytopenia. Transfus Med 
Rev 2013;27:137–145. https://doi.org/10.1016/j.tmrv.2013.05.005

327. Greinacher A, Selleng S. How I evaluate and treat thrombocytopenia in the intensive 
care unit patient. Blood 2016;128:3032–3042. https://doi.org/10.1182/blood-2016-09- 
693655

328. Warkentin TE, Levine MN, Hirsh J, Horsewood P, Roberts RS, Gent M, et al. 
Heparin-induced thrombocytopenia in patients treated with low-molecular-weight 
heparin or unfractionated heparin. N Engl J Med 1995;332:1330–1336. https://doi. 
org/10.1056/nejm199505183322003

329. Kelton JG, Arnold DM, Bates SM. Nonheparin anticoagulants for heparin-induced 
thrombocytopenia. N Engl J Med 2013;368:737–744. https://doi.org/10.1056/ 
NEJMct1206642

330. Warkentin TE, Kelton JG. Temporal aspects of heparin-induced thrombocytopenia. N 
Engl J Med 2001;344:1286–1292. https://doi.org/10.1056/nejm200104263441704

331. Schindewolf M, Steindl J, Beyer-Westendorf J, Schellong S, Dohmen PM, Brachmann J, 
et al. Use of fondaparinux off-label or approved anticoagulants for management of 
heparin-induced thrombocytopenia. J Am Coll Cardiol 2017;70:2636–2648. https:// 
doi.org/10.1016/j.jacc.2017.09.1099

332. Sinclair H, Kunadian V. Coronary revascularisation in older patients with non-ST ele
vation acute coronary syndromes. Heart 2016;102:416–424. https://doi.org/10.1136/ 
heartjnl-2015-307859

333. Richter D, Guasti L, Walker D, Lambrinou E, Lionis C, Abreu A, et al. Frailty in cardi
ology: definition, assessment and clinical implications for general cardiology. A consen
sus document of the Council for Cardiology Practice (CCP), Association for Acute 
Cardio Vascular Care (ACVC), Association of Cardiovascular Nursing and Allied 
Professions (ACNAP), European Association of Preventive Cardiology (EAPC), 
European Heart Rhythm Association (EHRA), Council on Valvular Heart Diseases 
(VHD), Council on Hypertension (CHT), Council of Cardio-Oncology (CCO), 
Working Group (WG) Aorta and Peripheral Vascular Diseases, WG e-Cardiology, 
WG Thrombosis, of the European Society of Cardiology, European Primary Care 
Cardiology Society (EPCCS). Eur J Prev Cardiol 2022;29:216–227. https://doi.org/10. 
1093/eurjpc/zwaa167

334. Lopes RD, White JA, Tricoci P, White HD, Armstrong PW, Braunwald E, et al. Age, 
treatment, and outcomes in high-risk non-ST-segment elevation acute coronary syn
drome patients: insights from the EARLY ACS trial. Int J Cardiol 2013;167:2580–2587. 
https://doi.org/10.1016/j.ijcard.2012.06.053

335. Brieger D, Eagle KA, Goodman SG, Steg PG, Budaj A, White K, et al. Acute coronary 
syndromes without chest pain, an underdiagnosed and undertreated high-risk group: 
insights from the Global Registry of Acute Coronary Events. Chest 2004;126:461–469. 
https://doi.org/10.1378/chest.126.2.461

336. Goldberg RJ, Steg PG, Sadiq I, Granger CB, Jackson EA, Budaj A, et al. Extent of, and 
factors associated with, delay to hospital presentation in patients with acute coronary 
disease (the GRACE registry). Am J Cardiol 2002;89:791–796. https://doi.org/10.1016/ 
s0002-9149(02)02186-0

337. Rosengren A, Wallentin L, Simoons M, Gitt AK, Behar S, Battler A, et al. Age, clinical 
presentation, and outcome of acute coronary syndromes in the Euroheart acute cor
onary syndrome survey. Eur Heart J 2006;27:789–795. https://doi.org/10.1093/ 
eurheartj/ehi774

338. Reiter M, Twerenbold R, Reichlin T, Haaf P, Peter F, Meissner J, et al. Early diagnosis of 
acute myocardial infarction in the elderly using more sensitive cardiac troponin assays. 
Eur Heart J 2011;32:1379–1389. https://doi.org/10.1093/eurheartj/ehr033

339. Zhang F, Mohamed MO, Ensor J, Peat G, Mamas MA. Temporal trends in comorbidity 
burden and impact on prognosis in patients with acute coronary syndrome using the 
elixhauser comorbidity index score. Am J Cardiol 2020;125:1603–1611. https://doi.org/ 
10.1016/j.amjcard.2020.02.044

340. Borovac JA, Mohamed MO, Kontopantelis E, Alkhouli M, Alraies MC, Cheng RK, et al. 
Frailty among patients with acute ST-elevation myocardial infarction in the United 
States: the impact of the primary percutaneous coronary intervention on in-hospital 
outcomes. J Invasive Cardiol 2022;34:E55–E64.

341. Cholesterol Treatment Trialists’ Collaboration. Efficacy and safety of statin therapy in 
older people: a meta-analysis of individual participant data from 28 randomised con
trolled trials. Lancet 2019;393:407–415. https://doi.org/10.1016/s0140-6736(18) 
31942-1

342. Bach RG, Cannon CP, Giugliano RP, White JA, Lokhnygina Y, Bohula EA, et al. Effect of 
simvastatin-ezetimibe compared with simvastatin monotherapy after acute coronary 
syndrome among patients 75 years or older: a secondary analysis of a randomized clin
ical trial. JAMA Cardiol 2019;4:846–854. https://doi.org/10.1001/jamacardio.2019.2306

343. Alexander KP, Newby LK, Cannon CP, Armstrong PW, Gibler WB, Rich MW, et al. 
Acute coronary care in the elderly, part I: non-ST-segment-elevation acute coronary 
syndromes: a scientific statement for healthcare professionals from the American 
Heart Association Council on Clinical Cardiology: in collaboration with the Society 
of Geriatric Cardiology. Circulation 2007;115:2549–2569. https://doi.org/10.1161/ 
CIRCULATIONAHA.107.182615

344. Alexander KP, Chen AY, Roe MT, Newby LK, Gibson CM, Allen-LaPointe NM, et al. 
Excess dosing of antiplatelet and antithrombin agents in the treatment of 
non-ST-segment elevation acute coronary syndromes. JAMA 2005;294:3108–3116. 
https://doi.org/10.1001/jama.294.24.3108

345. Valgimigli M, Frigoli E, Heg D, Tijssen J, Jüni P, Vranckx P, et al. Dual antiplatelet therapy 
after PCI in patients at high bleeding risk. N Engl J Med 2021;385:1643–1655. https:// 
doi.org/10.1056/NEJMoa2108749

346. Roe MT, Armstrong PW, Fox KA, White HD, Prabhakaran D, Goodman SG, et al. 
Prasugrel versus clopidogrel for acute coronary syndromes without revascularization. 
N Engl J Med 2012;367:1297–1309. https://doi.org/10.1056/NEJMoa1205512

347. Savonitto S, Ferri LA, Piatti L, Grosseto D, Piovaccari G, Morici N, et al. Comparison of 
reduced-dose prasugrel and standard-dose clopidogrel in elderly patients with acute 
coronary syndromes undergoing early percutaneous revascularization. Circulation 
2018;137:2435–2445. https://doi.org/10.1161/circulationaha.117.032180

348. Mehran R, Baber U, Sharma SK, Cohen DJ, Angiolillo DJ, Briguori C, et al. Ticagrelor 
with or without aspirin in high-risk patients after PCI. N Engl J Med 2019;381: 
2032–2042. https://doi.org/10.1056/NEJMoa1908419

349. Angiolillo DJ, Cao D, Baber U, Sartori S, Zhang Z, Dangas G, et al. Impact of age on the 
safety and efficacy of ticagrelor monotherapy in patients undergoing PCI. JACC 
Cardiovasc Interv 2021;14:1434–1446. https://doi.org/10.1016/j.jcin.2021.04.043

ESC Guidelines                                                                                                                                                                                               49

https://doi.org/10.1016/j.athoracsur.2013.07.020
https://doi.org/10.1016/j.athoracsur.2013.07.020
https://doi.org/10.1161/circoutcomes.109.858811
https://doi.org/10.1097/ACO.0b013e32831a40a3
https://doi.org/10.1097/ACO.0b013e32831a40a3
https://doi.org/10.1001/jama.292.13.1555
https://doi.org/10.1001/jama.2014.980
https://doi.org/10.1016/j.jcin.2009.05.004
https://doi.org/10.7326/0003-4819-159-11-201312030-00007
https://doi.org/10.1002/14651858.CD002042.pub3
https://doi.org/10.1001/2013.jamainternmed.1001
https://doi.org/10.1016/j.amjcard.2011.06.014
https://doi.org/10.1016/j.amjcard.2011.06.014
https://doi.org/10.1016/j.ahj.2008.01.009
https://doi.org/10.1136/bmj.h1354
https://doi.org/10.1136/bmj.h1354
https://doi.org/10.1056/NEJMoa1403612
https://doi.org/10.1093/ehjcvp/pvu008
https://doi.org/10.1067/mhj.2000.107554
https://doi.org/10.1067/mhj.2000.107554
https://doi.org/10.1182/asheducation-2018.1.576
https://doi.org/10.1016/j.tmrv.2013.05.005
https://doi.org/10.1182/blood-2016-09-693655
https://doi.org/10.1182/blood-2016-09-693655
https://doi.org/10.1056/nejm199505183322003
https://doi.org/10.1056/nejm199505183322003
https://doi.org/10.1056/NEJMct1206642
https://doi.org/10.1056/NEJMct1206642
https://doi.org/10.1056/nejm200104263441704
https://doi.org/10.1016/j.jacc.2017.09.1099
https://doi.org/10.1016/j.jacc.2017.09.1099
https://doi.org/10.1136/heartjnl-2015-307859
https://doi.org/10.1136/heartjnl-2015-307859
https://doi.org/10.1093/eurjpc/zwaa167
https://doi.org/10.1093/eurjpc/zwaa167
https://doi.org/10.1016/j.ijcard.2012.06.053
https://doi.org/10.1378/chest.126.2.461
https://doi.org/10.1016/s0002-9149(02)02186-0
https://doi.org/10.1016/s0002-9149(02)02186-0
https://doi.org/10.1093/eurheartj/ehi774
https://doi.org/10.1093/eurheartj/ehi774
https://doi.org/10.1093/eurheartj/ehr033
https://doi.org/10.1016/j.amjcard.2020.02.044
https://doi.org/10.1016/j.amjcard.2020.02.044
https://doi.org/10.1016/s0140-6736(18)31942-1
https://doi.org/10.1016/s0140-6736(18)31942-1
https://doi.org/10.1001/jamacardio.2019.2306
https://doi.org/10.1161/CIRCULATIONAHA.107.182615
https://doi.org/10.1161/CIRCULATIONAHA.107.182615
https://doi.org/10.1001/jama.294.24.3108
https://doi.org/10.1056/NEJMoa2108749
https://doi.org/10.1056/NEJMoa2108749
https://doi.org/10.1056/NEJMoa1205512
https://doi.org/10.1161/circulationaha.117.032180
https://doi.org/10.1056/NEJMoa1908419
https://doi.org/10.1016/j.jcin.2021.04.043


350. Escaned J, Cao D, Baber U, Nicolas J, Sartori S, Zhang Z, et al. Ticagrelor monotherapy 
in patients at high bleeding risk undergoing percutaneous coronary intervention: 
TWILIGHT-HBR. Eur Heart J 2021;42:4624–4634. https://doi.org/10.1093/eurheartj/ 
ehab702

351. Gargiulo G, Goette A, Tijssen J, Eckardt L, Lewalter T, Vranckx P, et al. Safety and ef
ficacy outcomes of double vs. triple antithrombotic therapy in patients with atrial fib
rillation following percutaneous coronary intervention: a systematic review and 
meta-analysis of non-vitamin K antagonist oral anticoagulant-based randomized clinical 
trials. Eur Heart J 2019;40:3757–3767. https://doi.org/10.1093/eurheartj/ehz732

352. Nanda S, Nelson-Piercy C, Mackillop L. Cardiac disease in pregnancy. Clin Med (Lond) 
2012;12:553–560. https://doi.org/10.7861/clinmedicine.12-6-553

353. Bush N, Nelson-Piercy C, Spark P, Kurinczuk JJ, Brocklehurst P, Knight M, et al. 
Myocardial infarction in pregnancy and postpartum in the UK. Eur J Prev Cardiol 
2013;20:12–20. https://doi.org/10.1177/1741826711432117

354. Berg CJ, Callaghan WM, Syverson C, Henderson Z. Pregnancy-related mortality in the 
United States, 1998 to 2005. Obstet Gynecol 2010;116:1302–1309. https://doi.org/10. 
1097/AOG.0b013e3181fdfb11

355. James AH, Jamison MG, Biswas MS, Brancazio LR, Swamy GK, Myers ER, et al. Acute 
myocardial infarction in pregnancy: a United States population-based study. Circulation 
2006;113:1564–1571. https://doi.org/10.1161/circulationaha.105.576751

356. Elkayam U, Jalnapurkar S, Barakkat MN, Khatri N, Kealey AJ, Mehra A, et al. 
Pregnancy-associated acute myocardial infarction: a review of contemporary experi
ence in 150 cases between 2006 and 2011. Circulation 2014;129:1695–1702. https:// 
doi.org/10.1161/circulationaha.113.002054

357. Ahmed R, Dunford J, Mehran R, Robson S, Kunadian V. Pre-eclampsia and future car
diovascular risk among women: a review. J Am Coll Cardiol 2014;63:1815–1822. https:// 
doi.org/10.1016/j.jacc.2014.02.529

358. Tweet MS, Hayes SN, Pitta SR, Simari RD, Lerman A, Lennon RJ, et al. Clinical features, 
management, and prognosis of spontaneous coronary artery dissection. Circulation 
2012;126:579–588. https://doi.org/10.1161/circulationaha.112.105718

359. Saw J, Humphries K, Aymong E, Sedlak T, Prakash R, Starovoytov A, et al. Spontaneous 
coronary artery dissection: clinical outcomes and risk of recurrence. J Am Coll Cardiol 
2017;70:1148–1158. https://doi.org/10.1016/j.jacc.2017.06.053

360. Alfonso F, Paulo M, Lennie V, Dutary J, Bernardo E, Jiménez-Quevedo P, et al. 
Spontaneous coronary artery dissection: long-term follow-up of a large series of pa
tients prospectively managed with a ‘conservative’ therapeutic strategy. JACC 
Cardiovasc Interv 2012;5:1062–1070. https://doi.org/10.1016/j.jcin.2012.06.014

361. Beltrame JF, Crea F, Kaski JC, Ogawa H, Ong P, Sechtem U, et al. International stand
ardization of diagnostic criteria for vasospastic angina. Eur Heart J 2017;38:2565–2568. 
https://doi.org/10.1093/eurheartj/ehv351

362. Regitz-Zagrosek V, Roos-Hesselink JW, Bauersachs J, Blomström-Lundqvist C, Cífková 
R, De Bonis M, et al. 2018 ESC Guidelines for the management of cardiovascular dis
eases during pregnancy. Eur Heart J 2018;39:3165–3241. https://doi.org/10.1093/ 
eurheartj/ehy340

363. Bortnick AE, Shahid M, Shitole SG, Park M, Broder A, Rodriguez CJ, et al. Outcomes of 
ST-elevation myocardial infarction by age and sex in a low-income urban community: 
the Montefiore STEMI registry. Clin Cardiol 2020;43:1100–1109. https://doi.org/10. 
1002/clc.23412

364. Kadri AN, Khodor S, Ali A, Nusairat L, Mahmood A, Nahhas G, et al. National trends of 
tobacco, alcohol, and drug use in patients admitted with acute myocardial infarction. 
Cardiovasc Revasc Med 2021;26:26–31. https://doi.org/10.1016/j.carrev.2020.10.021

365. Desai R, Fong HK, Shah K, Kaur VP, Savani S, Gangani K, et al. Rising trends in hospi
talizations for cardiovascular events among young Cannabis users (18–39 years) with
out other substance abuse. Medicina (Kaunas) 2019;55:438. https://doi.org/10.3390/ 
medicina55080438

366. Bonsignore A, Barranco R, Morando A, Fraternali Orcioni G, Ventura F. MDMA in
duced cardio-toxicity and pathological myocardial effects: a systematic review of ex
perimental data and autopsy findings. Cardiovasc Toxicol 2019;19:493–499. https:// 
doi.org/10.1007/s12012-019-09526-9

367. Carrillo X, Vilalta V, Cediel G, Fernandez-Nofrerias E, Rodriguez-Leor O, Mauri J, et al. 
Trends in prevalence and outcomes of acute coronary syndrome associated with co
caine consumption: the RUTI-cocaine study. Int J Cardiol 2019;283:23–27. https://doi. 
org/10.1016/j.ijcard.2018.12.026

368. Bharadwaj A, Potts J, Mohamed MO, Parwani P, Swamy P, Lopez-Mattei JC, et al. Acute 
myocardial infarction treatments and outcomes in 6.5 million patients with a current 
or historical diagnosis of cancer in the USA. Eur Heart J 2020;41:2183–2193. https:// 
doi.org/10.1093/eurheartj/ehz851

369. Gevaert SA, Halvorsen S, Sinnaeve PR, Sambola A, Gulati G, Lancellotti P, et al. 
Evaluation and management of cancer patients presenting with acute cardiovascular 
disease: a consensus document of the Acute CardioVascular Care (ACVC) association 
and the ESC Council of Cardio-Oncology-Part 1: acute coronary syndromes and acute 
pericardial diseases. Eur Heart J Acute Cardiovasc Care 2021;10:947–959. https://doi. 
org/10.1093/ehjacc/zuab056

370. Iliescu CA, Grines CL, Herrmann J, Yang EH, Cilingiroglu M, Charitakis K, et al. SCAI 
Expert consensus statement: evaluation, management, and special considerations of 
cardio-oncology patients in the cardiac catheterization laboratory (endorsed by the 

Cardiological Society of India, and Sociedad Latino Americana de Cardiologıa 
Intervencionista). Catheter Cardiovasc Interv 2016;87:E202–E223. https://doi.org/10. 
1002/ccd.26379

371. Brosius FC III, Waller BF, Roberts WC. Radiation heart disease: analysis of 16 young 
(aged 15 to 33 years) necropsy patients who received over 3,500 rads to the heart. 
Am J Med 1981;70:519–530. https://doi.org/10.1016/0002-9343(81)90574-x

372. Veinot JP, Edwards WD. Pathology of radiation-induced heart disease: a surgical and 
autopsy study of 27 cases. Hum Pathol 1996;27:766–773. https://doi.org/10.1016/ 
s0046-8177(96)90447-5

373. Mohamed MO, Van Spall HGC, Kontopantelis E, Alkhouli M, Barac A, Elgendy IY, et al. 
Effect of primary percutaneous coronary intervention on in-hospital outcomes among 
active cancer patients presenting with ST-elevation myocardial infarction: a propensity 
score matching analysis. Eur Heart J Acute Cardiovasc Care 2021;10:829–839. https://doi. 
org/10.1093/ehjacc/zuaa032

374. Guddati AK, Joy PS, Kumar G. Analysis of outcomes of percutaneous coronary inter
vention in metastatic cancer patients with acute coronary syndrome over a 10-year 
period. J Cancer Res Clin Oncol 2016;142:471–479. https://doi.org/10.1007/s00432- 
015-2056-5

375. Yusuf SW, Daraban N, Abbasi N, Lei X, Durand J-B, Daher IN, et al. Treatment and 
outcomes of acute coronary syndrome in the cancer population. Clin Cardiol 2012; 
35:443–450. https://doi.org/10.1002/clc.22007

376. Sarkiss MG, Yusuf SW, Warneke CL, Warneke CL, Botz G, Lakkis N, et al. Impact of 
aspirin therapy in cancer patients with thrombocytopenia and acute coronary syn
dromes. Cancer 2007;109:621–627. https://doi.org/10.1002/cncr.22434

377. Iannaccone M, D’Ascenzo F, Vadalà P, Wilton SB, Noussan P, Colombo F, et al. 
Prevalence and outcome of patients with cancer and acute coronary syndrome under
going percutaneous coronary intervention: a BleeMACS substudy. Eur Heart J Acute 
Cardiovasc Care 2018;7:631–638. https://doi.org/10.1177/2048872617706501

378. Smith CM, Lim Choi Keung SN, Khan MO, Arvanitis TN, Fothergill R, Hartley-Sharpe 
C, et al. Barriers and facilitators to public access defibrillation in out-of-hospital cardiac 
arrest: a systematic review. Eur Heart J Qual Care Clin Outcomes 2017;3:264–273. 
https://doi.org/10.1093/ehjqcco/qcx023

379. Ferrante G, Fazzari F, Cozzi O, Maurina M, Bragato R, D’Orazio F, et al. Risk factors for 
myocardial injury and death in patients with COVID-19: insights from a cohort study 
with chest computed tomography. Cardiovasc Res 2020;116:2239–2246. https://doi. 
org/10.1093/cvr/cvaa193

380. Madjid M, Safavi-Naeini P, Solomon SD, Vardeny O. Potential effects of coronaviruses 
on the cardiovascular system: a review. JAMA Cardiol 2020;5:831–840. https://doi.org/ 
10.1001/jamacardio.2020.1286

381. Choudry FA, Hamshere SM, Rathod KS, Akhtar MM, Archbold RA, Guttmann OP, 
et al. High thrombus burden in patients with COVID-19 presenting with 
ST-segment elevation myocardial infarction. J Am Coll Cardiol 2020;76:1168–1176. 
https://doi.org/10.1016/j.jacc.2020.07.022

382. Solano-López J, Zamorano JL, Sanz AP, Amat-Santos I, Sarnago F, Gutiérrez Ibañes E, 
et al. Risk factors for in-hospital mortality in patients with acute myocardial infarction 
during the COVID-19 outbreak. Rev Esp Cardiol 2020;73:985–993. https://doi.org/10. 
1016/j.recesp.2020.07.023

383. Rodríguez-Leor O, Cid-Álvarez B, Pérez de Prado A, Rossello X, Ojeda S, Serrador A, 
et al. Impact of COVID-19 on ST-segment elevation myocardial infarction care. The 
Spanish experience. Rev Esp Cardiol (Engl Ed) 2020;73:994–1002. https://doi.org/10. 
1016/j.rec.2020.08.002

384. Rodriguez-Leor O, Cid Alvarez AB, Pérez de Prado A, Rossello X, Ojeda S, Serrador A, 
et al. In-hospital outcomes of COVID-19 ST-elevation myocardial infarction patients. 
Eurointervention 2021;16:1426–1433. https://doi.org/10.4244/eij-d-20-00935

385. Kite TA, Ludman PF, Gale CP, Wu J, Caixeta A, Mansourati J, et al. International pro
spective registry of acute coronary syndromes in patients with COVID-19. J Am Coll 
Cardiol 2021;77:2466–2476. https://doi.org/10.1016/j.jacc.2021.03.309

386. Hamadeh A, Aldujeli A, Briedis K, Tecson KM, Sanz-Sánchez J, Al dujeili M, et al. 
Characteristics and outcomes in patients presenting with COVID-19 and 
ST-segment elevation myocardial infarction. Am J Cardiol 2020;131:1–6. https://doi. 
org/10.1016/j.amjcard.2020.06.063

387. Sun W, Gholizadeh L, Perry L, Kang K, Heydari M. Factors associated with return to 
work following myocardial infarction: a systematic review of observational studies. J 
Clin Nurs 2021;30:323–340. https://doi.org/10.1111/jocn.15562

388. Ambrosetti M, Abreu A, Corrà U, Davos CH, Hansen D, Frederix I, et al. Secondary 
prevention through comprehensive cardiovascular rehabilitation: from knowledge to 
implementation. 2020 update. A position paper from the secondary prevention and 
rehabilitation section of the European Association of Preventive Cardiology. Eur J 
Prev Cardiol 2021;28:460–495. https://doi.org/10.1177/2047487320913379

389. Smith D, Toff W, Joy M, Dowdall N, Johnston R, Clark L, et al. Fitness to fly for pas
sengers with cardiovascular disease. Heart 2010;96:ii1–i16. https://doi.org/10.1136/hrt. 
2010.203091

390. Liu C, Chen R, Sera F, Cabrera AM, Guo Y, Tong S, et al. Ambient particulate air pol
lution and daily mortality in 652 cities. N Engl J Med 2019;381:705–715. https://doi.org/ 
10.1056/NEJMoa1817364

50                                                                                                                                                                                               ESC Guidelines

https://doi.org/10.1093/eurheartj/ehab702
https://doi.org/10.1093/eurheartj/ehab702
https://doi.org/10.1093/eurheartj/ehz732
https://doi.org/10.7861/clinmedicine.12-6-553
https://doi.org/10.1177/1741826711432117
https://doi.org/10.1097/AOG.0b013e3181fdfb11
https://doi.org/10.1097/AOG.0b013e3181fdfb11
https://doi.org/10.1161/circulationaha.105.576751
https://doi.org/10.1161/circulationaha.113.002054
https://doi.org/10.1161/circulationaha.113.002054
https://doi.org/10.1016/j.jacc.2014.02.529
https://doi.org/10.1016/j.jacc.2014.02.529
https://doi.org/10.1161/circulationaha.112.105718
https://doi.org/10.1016/j.jacc.2017.06.053
https://doi.org/10.1016/j.jcin.2012.06.014
https://doi.org/10.1093/eurheartj/ehv351
https://doi.org/10.1093/eurheartj/ehy340
https://doi.org/10.1093/eurheartj/ehy340
https://doi.org/10.1002/clc.23412
https://doi.org/10.1002/clc.23412
https://doi.org/10.1016/j.carrev.2020.10.021
https://doi.org/10.3390/medicina55080438
https://doi.org/10.3390/medicina55080438
https://doi.org/10.1007/s12012-019-09526-9
https://doi.org/10.1007/s12012-019-09526-9
https://doi.org/10.1016/j.ijcard.2018.12.026
https://doi.org/10.1016/j.ijcard.2018.12.026
https://doi.org/10.1093/eurheartj/ehz851
https://doi.org/10.1093/eurheartj/ehz851
https://doi.org/10.1093/ehjacc/zuab056
https://doi.org/10.1093/ehjacc/zuab056
https://doi.org/10.1002/ccd.26379
https://doi.org/10.1002/ccd.26379
https://doi.org/10.1016/0002-9343(81)90574-x
https://doi.org/10.1016/s0046-8177(96)90447-5
https://doi.org/10.1016/s0046-8177(96)90447-5
https://doi.org/10.1093/ehjacc/zuaa032
https://doi.org/10.1093/ehjacc/zuaa032
https://doi.org/10.1007/s00432-015-2056-5
https://doi.org/10.1007/s00432-015-2056-5
https://doi.org/10.1002/clc.22007
https://doi.org/10.1002/cncr.22434
https://doi.org/10.1177/2048872617706501
https://doi.org/10.1093/ehjqcco/qcx023
https://doi.org/10.1093/cvr/cvaa193
https://doi.org/10.1093/cvr/cvaa193
https://doi.org/10.1001/jamacardio.2020.1286
https://doi.org/10.1001/jamacardio.2020.1286
https://doi.org/10.1016/j.jacc.2020.07.022
https://doi.org/10.1016/j.recesp.2020.07.023
https://doi.org/10.1016/j.recesp.2020.07.023
https://doi.org/10.1016/j.rec.2020.08.002
https://doi.org/10.1016/j.rec.2020.08.002
https://doi.org/10.4244/eij-d-20-00935
https://doi.org/10.1016/j.jacc.2021.03.309
https://doi.org/10.1016/j.amjcard.2020.06.063
https://doi.org/10.1016/j.amjcard.2020.06.063
https://doi.org/10.1111/jocn.15562
https://doi.org/10.1177/2047487320913379
https://doi.org/10.1136/hrt.2010.203091
https://doi.org/10.1136/hrt.2010.203091
https://doi.org/10.1056/NEJMoa1817364
https://doi.org/10.1056/NEJMoa1817364


391. Newman JD, Bhatt DL, Rajagopalan S, Balmes JR, Brauer M, Breysse PN, et al. 
Cardiopulmonary impact of particulate air pollution in high-risk populations: JACC 
state-of-the-art review. J Am Coll Cardiol 2020;76:2878–2894. https://doi.org/10. 
1016/j.jacc.2020.10.020

392. Claeys MJ, Rajagopalan S, Nawrot TS, Brook RD. Climate and environmental triggers 
of acute myocardial infarction. Eur Heart J 2017;38:955–960. https://doi.org/10.1093/ 
eurheartj/ehw151

393. Giorgini P, Rubenfire M, Bard RL, Jackson EA, Ferri C, Brook RD. Air pollution and exer
cise: a review of the cardiovascular implications for health care professionals. J Cardiopulm 
Rehabil Prev 2016;36:84–95. https://doi.org/10.1097/hcr.0000000000000139

394. Chen R, Zhao A, Chen H, Zhao Z, Cai J, Wang C, et al. Cardiopulmonary benefits of 
reducing indoor particles of outdoor origin: a randomized, double-blind crossover trial 
of air purifiers. J Am Coll Cardiol 2015;65:2279–2287. https://doi.org/10.1016/j.jacc. 
2015.03.553

395. Allen RW, Barn P. Individual- and household-level interventions to reduce air pollution 
exposures and health risks: a review of the recent literature. Curr Environ Health Rep 
2020;7:424–440. https://doi.org/10.1007/s40572-020-00296-z

396. Münzel T, Schmidt FP, Steven S, Herzog J, Daiber A, Sørensen M. Environmental noise 
and the cardiovascular system. J Am Coll Cardiol 2018;71:688–697. https://doi.org/10. 
1016/j.jacc.2017.12.015

397. Fulcher J, O’Connell R, Voysey M, Emberson J, Blackwell L, Mihaylova B, et al. Efficacy 
and safety of LDL-lowering therapy among men and women: meta-analysis of individ
ual data from 174,000 participants in 27 randomised trials. Lancet 2015;385: 
1397–1405. https://doi.org/10.1016/s0140-6736(14)61368-4

398. Collins R, Reith C, Emberson J, Armitage J, Baigent C, Blackwell L, et al. Interpretation 
of the evidence for the efficacy and safety of statin therapy. Lancet 2016;388: 
2532–2561. https://doi.org/10.1016/s0140-6736(16)31357-5

399. Navarese EP, Kowalewski M, Andreotti F, van Wely M, Camaro C, Kolodziejczak M, 
et al. Meta-analysis of time-related benefits of statin therapy in patients with acute cor
onary syndrome undergoing percutaneous coronary intervention. Am J Cardiol 2014; 
113:1753–1764. https://doi.org/10.1016/j.amjcard.2014.02.034

400. Mach F, Baigent C, Catapano AL, Koskinas KC, Casula M, Badimon L, et al. 2019 ESC/EAS 
Guidelines for the management of dyslipidaemias: lipid modification to reduce cardiovas
cular risk. Eur Heart J 2020;41:111–188. https://doi.org/10.1093/eurheartj/ehz455

401. Cannon CP, Blazing MA, Giugliano RP, McCagg A, White JA, Theroux P, et al. 
Ezetimibe added to statin therapy after acute coronary syndromes. N Engl J Med 
2015;372:2387–2397. https://doi.org/10.1056/NEJMoa1410489

402. O’Donoghue ML, Fazio S, Giugliano RP, Stroes ESG, Kanevsky E, Gouni-Berthold I, 
et al. Lipoprotein(a), PCSK9 inhibition, and cardiovascular risk. Circulation 2019;139: 
1483–1492. https://doi.org/10.1161/circulationaha.118.037184

403. Sabatine MS, Giugliano RP, Keech AC, Honarpour N, Wiviott SD, Murphy SA, et al. 
Evolocumab and clinical outcomes in patients with cardiovascular disease. N Engl J 
Med 2017;376:1713–1722. https://doi.org/10.1056/NEJMoa1615664

404. Schwartz GG, Steg PG, Szarek M, Bhatt DL, Bittner VA, Diaz R, et al. Alirocumab and 
cardiovascular outcomes after acute coronary syndrome. N Engl J Med 2018;379: 
2097–2107. https://doi.org/10.1056/NEJMoa1801174

405. Giugliano RP, Mach F, Zavitz K, Kurtz C, Im K, Kanevsky E, et al. Cognitive function in a 
randomized trial of evolocumab. N Engl J Med 2017;377:633–643. https://doi.org/10. 
1056/NEJMoa1701131

406. Ray KK, Colhoun HM, Szarek M, Baccara-Dinet M, Bhatt DL, Bittner VA, et al. Effects 
of alirocumab on cardiovascular and metabolic outcomes after acute coronary syn
drome in patients with or without diabetes: a prespecified analysis of the ODYSSEY 
OUTCOMES randomised controlled trial. Lancet Diabetes Endocrinol 2019;7: 
618–628. https://doi.org/10.1016/s2213-8587(19)30158-5

407. Sabatine MS, De Ferrari GM, Giugliano RP, Huber K, Lewis BS, Ferreira J, et al. Clinical 
benefit of evolocumab by severity and extent of coronary artery disease: analysis from 
FOURIER. Circulation 2018;138:756–766. https://doi.org/10.1161/circulationaha.118. 
034309

408. Bonaca MP, Nault P, Giugliano RP, Keech AC, Pineda AL, Kanevsky E, et al. 
Low-density lipoprotein cholesterol lowering with evolocumab and outcomes in pa
tients with peripheral artery disease: insights from the FOURIER trial (further cardio
vascular outcomes research with PCSK9 inhibition in subjects with elevated risk). 
Circulation 2018;137:338–350. https://doi.org/10.1161/circulationaha.117.032235

409. Jukema JW, Szarek M, Zijlstra LE, de Silva HA, Bhatt DL, Bittner VA, et al. Alirocumab in 
patients with polyvascular disease and recent acute coronary syndrome: ODYSSEY 
OUTCOMES trial. J Am Coll Cardiol 2019;74:1167–1176. https://doi.org/10.1016/j. 
jacc.2019.03.013

410. Giugliano RP, Pedersen TR, Park JG, De Ferrari GM, Gaciong ZA, Ceska R, et al. 
Clinical efficacy and safety of achieving very low LDL-cholesterol concentrations 
with the PCSK9 inhibitor evolocumab: a prespecified secondary analysis of the 
FOURIER trial. Lancet 2017;390:1962–1971. https://doi.org/10.1016/s0140-6736(17) 
32290-0

411. Giugliano RP, Wiviott SD, Blazing MA, De Ferrari GM, Park J-G, Murphy SA, et al. 
Long-term safety and efficacy of achieving very low levels of low-density lipoprotein 
cholesterol: a prespecified analysis of the IMPROVE-IT trial. JAMA Cardiol 2017;2: 
547–555. https://doi.org/10.1001/jamacardio.2017.0083

412. Robinson JG, Rosenson RS, Farnier M, Chaudhari U, Sasiela WJ, Merlet L, et al. Safety of 
very low low-density lipoprotein cholesterol levels with alirocumab: pooled data from 
randomized trials. J Am Coll Cardiol 2017;69:471–482. https://doi.org/10.1016/j.jacc. 
2016.11.037

413. Marston NA, Giugliano RP, Park JG, Ruzza A, Sever PS, Keech AC, et al. Cardiovascular 
benefit of lowering LDL cholesterol below 40 mg/dl. Circulation 2021;144:1732–1734. 
https://doi.org/10.1161/circulationaha.121.056536

414. Koskinas KC, Windecker S, Pedrazzini G, Mueller C, Cook S, Matter CM, et al. 
Evolocumab for early reduction of LDL cholesterol levels in patients with acute cor
onary syndromes (EVOPACS). J Am Coll Cardiol 2019;74:2452–2462. https://doi.org/ 
10.1016/j.jacc.2019.08.010

415. Bhatt DL, Steg PG, Miller M, Brinton EA, Jacobson TA, Ketchum SB, et al. 
Cardiovascular risk reduction with icosapent ethyl for hypertriglyceridemia. N Engl J 
Med 2019;380:11–22. https://doi.org/10.1056/NEJMoa1812792

416. Ray KK, Bays HE, Catapano AL, Lalwani ND, Bloedon LT, Sterling LR, et al. Safety and 
efficacy of bempedoic acid to reduce LDL cholesterol. N Engl J Med 2019;380: 
1022–1032. https://doi.org/10.1056/NEJMoa1803917

417. Ballantyne CM, Banach M, Mancini GBJ, Lepor NE, Hanselman JC, Zhao X, et al. Efficacy 
and safety of bempedoic acid added to ezetimibe in statin-intolerant patients with 
hypercholesterolemia: a randomized, placebo-controlled study. Atherosclerosis 2018; 
277:195–203. https://doi.org/10.1016/j.atherosclerosis.2018.06.002

418. Ray KK, Wright RS, Kallend D, Koenig W, Leiter LA, Raal FJ, et al. Two phase 3 trials of 
inclisiran in patients with elevated LDL cholesterol. N Engl J Med 2020;382:1507–1519. 
https://doi.org/10.1056/NEJMoa1912387

419. Wright RS, Ray KK, Raal FJ, Kallend DG, Jaros M, Koenig W, et al. Pooled patient-level 
analysis of inclisiran trials in patients with familial hypercholesterolemia or atheroscler
osis. J Am Coll Cardiol 2021;77:1182–1193. https://doi.org/10.1016/j.jacc.2020.12.058

420. Katzmann JL, Packard CJ, Chapman MJ, Katzmann I, Laufs U. Targeting RNA with anti
sense oligonucleotides and small interfering RNA: JACC state-of-the-art review. J Am 
Coll Cardiol 2020;76:563–579. https://doi.org/10.1016/j.jacc.2020.05.070

421. Hulley S, Grady D, Bush T, Furberg C, Herrington D, Riggs B, et al. Randomized trial of 
estrogen plus progestin for secondary prevention of coronary heart disease in post
menopausal women. JAMA 1998;280:605–613. https://doi.org/10.1001/jama.280.7. 
605

422. Manson JE, Hsia J, Johnson KC, Rossouw JE, Assaf AR, Lasser NL, et al. Estrogen plus 
progestin and the risk of coronary heart disease. N Engl J Med 2003;349:523–534. 
https://doi.org/10.1056/NEJMoa030808

423. Bretler DM, Hansen PR, Sørensen R, Lindhardsen J, Ahlehoff O, Andersson C, et al. 
Discontinuation of hormone replacement therapy after myocardial infarction and 
short term risk of adverse cardiovascular events: nationwide cohort study. BMJ 
2012;344:e1802. https://doi.org/10.1136/bmj.e1802

424. Pines A. Post-myocardial infarction hormone therapy revisited. Climacteric 2012;15: 
538–541. https://doi.org/10.3109/13697137.2012.690127

425. Paterick TE, Patel N, Tajik AJ, Chandrasekaran K. Improving health outcomes through 
patient education and partnerships with patients. Proc (Bayl Univ Med Cent) 2017;30: 
112–113. https://doi.org/10.1080/08998280.2017.11929552

426. Dineen-Griffin S, Garcia-Cardenas V, Williams K, Benrimoj SI. Helping patients help 
themselves: a systematic review of self-management support strategies in primary 
health care practice. PLoS One 2019;14:e0220116. https://doi.org/10.1371/journal. 
pone.0220116

427. Wolf A, Vella R, Fors A. The impact of person-centred care on patients’ care experi
ences in relation to educational level after acute coronary syndrome: secondary out
come analysis of a randomised controlled trial. Eur J Cardiovasc Nurs 2019;18:299–308. 
https://doi.org/10.1177/1474515118821242

428. Speros CI. Promoting health literacy: a nursing imperative. Nurs Clin North Am 2011;46: 
321–333,vi-vii. https://doi.org/10.1016/j.cnur.2011.05.007

429. Shah P, Thornton I, Turrin D, Hipskind JE. Informed consent. In: StatPearls. Treasure 
Island (FL): StatPearls Publishing, 2022.

430. Astin F, Stephenson J, Probyn J, Holt J, Marshall K, Conway D, et al. Cardiologists’ and 
patients’ views about the informed consent process and their understanding of the an
ticipated treatment benefits of coronary angioplasty: a survey study. Eur J Cardiovasc 
Nurs 2020;19:260–268. https://doi.org/10.1177/1474515119879050

431. Sampson F, O’Cathain A, Goodacre S. Feeling fixed and its contribution to patient sat
isfaction with primary angioplasty: a qualitative study. Eur J Cardiovasc Nurs 2009;8: 
85–90. https://doi.org/10.1016/j.ejcnurse.2008.07.003

432. Dickert NW, Scicluna VM, Adeoye O, Angiolillo DJ, Blankenship JC, Devireddy CM, 
et al. Emergency consent: patients’ and surrogates’ perspectives on consent for clinical 
trials in acute stroke and myocardial infarction. J Am Heart Assoc 2019;8:e010905. 
https://doi.org/10.1161/jaha.118.010905

433. Baccolini V, Rosso A, Di Paolo C, Isonne C, Salerno C, Migliara G, et al. What is the 
prevalence of low health literacy in European union member states? A systematic re
view and meta-analysis. J Gen Intern Med 2021;36:753–761. https://doi.org/10.1007/ 
s11606-020-06407-8

434. Sørensen K, Van den Broucke S, Fullam J, Doyle G, Pelikan J, Slonska Z, et al. Health 
literacy and public health: a systematic review and integration of definitions and mod
els. BMC Public Health 2012;12:80. https://doi.org/10.1186/1471-2458-12-80

ESC Guidelines                                                                                                                                                                                               51

https://doi.org/10.1016/j.jacc.2020.10.020
https://doi.org/10.1016/j.jacc.2020.10.020
https://doi.org/10.1093/eurheartj/ehw151
https://doi.org/10.1093/eurheartj/ehw151
https://doi.org/10.1097/hcr.0000000000000139
https://doi.org/10.1016/j.jacc.2015.03.553
https://doi.org/10.1016/j.jacc.2015.03.553
https://doi.org/10.1007/s40572-020-00296-z
https://doi.org/10.1016/j.jacc.2017.12.015
https://doi.org/10.1016/j.jacc.2017.12.015
https://doi.org/10.1016/s0140-6736(14)61368-4
https://doi.org/10.1016/s0140-6736(16)31357-5
https://doi.org/10.1016/j.amjcard.2014.02.034
https://doi.org/10.1093/eurheartj/ehz455
https://doi.org/10.1056/NEJMoa1410489
https://doi.org/10.1161/circulationaha.118.037184
https://doi.org/10.1056/NEJMoa1615664
https://doi.org/10.1056/NEJMoa1801174
https://doi.org/10.1056/NEJMoa1701131
https://doi.org/10.1056/NEJMoa1701131
https://doi.org/10.1016/s2213-8587(19)30158-5
https://doi.org/10.1161/circulationaha.118.034309
https://doi.org/10.1161/circulationaha.118.034309
https://doi.org/10.1161/circulationaha.117.032235
https://doi.org/10.1016/j.jacc.2019.03.013
https://doi.org/10.1016/j.jacc.2019.03.013
https://doi.org/10.1016/s0140-6736(17)32290-0
https://doi.org/10.1016/s0140-6736(17)32290-0
https://doi.org/10.1001/jamacardio.2017.0083
https://doi.org/10.1016/j.jacc.2016.11.037
https://doi.org/10.1016/j.jacc.2016.11.037
https://doi.org/10.1161/circulationaha.121.056536
https://doi.org/10.1016/j.jacc.2019.08.010
https://doi.org/10.1016/j.jacc.2019.08.010
https://doi.org/10.1056/NEJMoa1812792
https://doi.org/10.1056/NEJMoa1803917
https://doi.org/10.1016/j.atherosclerosis.2018.06.002
https://doi.org/10.1056/NEJMoa1912387
https://doi.org/10.1016/j.jacc.2020.12.058
https://doi.org/10.1016/j.jacc.2020.05.070
https://doi.org/10.1001/jama.280.7.605
https://doi.org/10.1001/jama.280.7.605
https://doi.org/10.1056/NEJMoa030808
https://doi.org/10.1136/bmj.e1802
https://doi.org/10.3109/13697137.2012.690127
https://doi.org/10.1080/08998280.2017.11929552
https://doi.org/10.1371/journal.pone.0220116
https://doi.org/10.1371/journal.pone.0220116
https://doi.org/10.1177/1474515118821242
https://doi.org/10.1016/j.cnur.2011.05.007
https://doi.org/10.1177/1474515119879050
https://doi.org/10.1016/j.ejcnurse.2008.07.003
https://doi.org/10.1161/jaha.118.010905
https://doi.org/10.1007/s11606-020-06407-8
https://doi.org/10.1007/s11606-020-06407-8
https://doi.org/10.1186/1471-2458-12-80


435. World Medical Association Declaration of Helsinki: ethical principles for medical re
search involving human subjects. JAMA 2013;310:2191–2194. https://doi.org/10. 
1001/jama.2013.281053

436. Olsson A, Ring C, Josefsson J, Eriksson A, Rylance R, Fröbert O, et al. Patient experi
ence of the informed consent process during acute myocardial infarction: a sub-study 
of the VALIDATE-SWEDEHEART trial. Trials 2020;21:246. https://doi.org/10.1186/ 
s13063-020-4147-0

437. Dickert NW, Miller FG. Involving patients in enrolment decisions for acute myocardial 
infarction trials. BMJ 2015;351:h3791. https://doi.org/10.1136/bmj.h3791

438. Thompson DR, Ski CF. Patient-reported outcome measures in cardiovascular 
nursing. Eur J Cardiovasc Nurs 2015;14:370–371. https://doi.org/10.1177/147451 
5115601621

439. Committee on Quality of Health Care in America, Institute of Medicine. Crossing the 
Quality Chasm: A New Health System for the 21st Century. Washington (DC): National 
Academies Press (US), 2001.

440. Hirpa M, Woreta T, Addis H, Kebede S. What matters to patients? A timely question 
for value-based care. PLoS One 2020;15:e0227845. https://doi.org/10.1371/journal. 
pone.0227845

441. Rossello X, Massó-van Roessel A, Perelló-Bordoy A, Mas-Lladó C, Ramis-Barceló MF, 
Vives-Borrás M, et al. Assessment of the ESC quality indicators in patients with acute 
myocardial infarction: a systematic review. Eur Heart J Acute Cardiovasc Care 2021;10: 
878–889. https://doi.org/10.1093/ehjacc/zuab042

442. Fålun N, Fridlund B, Schaufel MA, Schei E, Norekvål TM. Patients’ goals, resources, and 
barriers to future change: a qualitative study of patient reflections at hospital discharge 

after myocardial infarction. Eur J Cardiovasc Nurs 2016;15:495–503. https://doi.org/10. 
1177/1474515115614712

443. Goldman JD, Harte FM. Transition of care to prevent recurrence after acute coronary 
syndrome: the critical role of the primary care provider and pharmacist. Postgrad Med 
2020;132:426–432. https://doi.org/10.1080/00325481.2020.1740512

444. Huriani E. Myocardial infarction patients’ learning needs: perceptions of patients, family 
members and nurses. Int J Nurs Sci 2019;6:294–299. https://doi.org/10.1016/j.ijnss.2019. 
05.001

445. Messerli AW, Deutsch C. Implementation of institutional discharge protocols and 
transition of care following acute coronary syndrome. Cardiovasc Revasc Med 2020; 
21:1180–1188. https://doi.org/10.1016/j.carrev.2020.02.013

446. Schiele F, Lemesle G, Angoulvant D, Krempf M, Kownator S, Cheggour S, et al. 
Proposal for a standardized discharge letter after hospital stay for acute myocardial 
infarction. Eur Heart J Acute Cardiovasc Care 2020;9:788–801. https://doi.org/10. 
1177/2048872619844444

447. Wittink H, Oosterhaven J. Patient education and health literacy. Musculoskelet Sci Pract 
2018;38:120–127. https://doi.org/10.1016/j.msksp.2018.06.004

448. Miller S, Lattanzio M, Cohen S. ‘Teach-back’ from a patient’s perspective. Nursing 2016; 
46:63–64. https://doi.org/10.1097/01.NURSE.0000476249.18503.f5

449. Zhao Y, Izadnegahdar M, Lee MK, Kavsak PA, Singer J, Scheuermeyer F, et al. 
High-sensitivity cardiac troponin-optimizing the diagnosis of acute myocardial infarc
tion/injury in women (CODE-MI): rationale and design for a multicenter, stepped- 
wedge, cluster-randomized trial. Am Heart J 2020;229:18–28. https://doi.org/10. 
1016/j.ahj.2020.06.013

52                                                                                                                                                                                               ESC Guidelines

https://doi.org/10.1001/jama.2013.281053
https://doi.org/10.1001/jama.2013.281053
https://doi.org/10.1186/s13063-020-4147-0
https://doi.org/10.1186/s13063-020-4147-0
https://doi.org/10.1136/bmj.h3791
https://doi.org/10.1177/1474515115601621
https://doi.org/10.1177/1474515115601621
https://doi.org/10.1371/journal.pone.0227845
https://doi.org/10.1371/journal.pone.0227845
https://doi.org/10.1093/ehjacc/zuab042
https://doi.org/10.1177/1474515115614712
https://doi.org/10.1177/1474515115614712
https://doi.org/10.1080/00325481.2020.1740512
https://doi.org/10.1016/j.ijnss.2019.05.001
https://doi.org/10.1016/j.ijnss.2019.05.001
https://doi.org/10.1016/j.carrev.2020.02.013
https://doi.org/10.1177/2048872619844444
https://doi.org/10.1177/2048872619844444
https://doi.org/10.1016/j.msksp.2018.06.004
https://doi.org/10.1097/01.NURSE.0000476249.18503.f5
https://doi.org/10.1016/j.ahj.2020.06.013
https://doi.org/10.1016/j.ahj.2020.06.013

	2023 ESC Guidelines for the management of acute coronary syndromes �Supplementary data
	1. Preamble
	2. Introduction
	2.1. Definitions | Acute coronary syndrome and myocardial infarction
	2.2. Epidemiology of acute coronary syndromes

	3. Triage and diagnosis
	3.1. Clinical presentation and physical examination
	3.1.1. Clinical presentation
	3.1.2. Physical examination

	3.2. Diagnostic tools | Electrocardiogram
	3.2.1. Acute coronary syndrome with persistent ST-segment elevation or other signs of acute vessel occlusion
	3.2.2. Acute coronary syndrome without persistent ST-segment elevation or other signs of acute vessel occlusion

	3.3. Diagnostic tools | Biomarkers
	3.3.1. High-sensitivity cardiac troponin
	3.3.1.1 Reasons for high-sensitivity cardiac troponin elevations other than Type 1 myocardial infarction

	3.3.2. Rapid ‘rule-in’ and ‘rule-out’ algorithms
	3.3.2.1. European Society of Cardiology 0 h/1 h and European Society of Cardiology 0 h/2 h algorithms
	3.3.2.2. Caveats of using rapid algorithms
	3.3.2.3. Practical guidance on how to implement the European Society of Cardiology 0 h/1 h algorithm

	3.3.3. Other biomarkers

	3.4. Diagnostic tools | Non-invasive imaging
	3.4.1. Cardiac magnetic resonance imaging with or without stress testing
	3.4.2. Single-photon emission computerized tomography perfusion imaging and stress echocardiography

	3.5. Differential diagnosis for acute chest pain

	4. Initial measures for patients presenting with suspected acute coronary syndrome | Initial treatment
	4.1. Pre-hospital logistics of care
	4.1.1. Organization of ST-elevation myocardial infarction treatment in networks


	5. Acute-phase management of patients with acute coronary syndrome
	5.1. Acute coronary syndrome managed with invasive strategy
	5.2. Patients not undergoing reperfusion
	5.2.1. Patients who are not candidates for invasive coronary angiography
	5.2.2. Patients with coronary artery disease not amenable to revascularization


	6. Antithrombotic therapy
	6.1. Long-term treatment
	6.1.1. Prolonging antithrombotic therapy beyond 12 months

	6.2. Antiplatelet therapy in patients requiring oral anticoagulation
	6.2.1. Acute coronary syndrome patients with atrial fibrillation

	6.3. Fibrinolysis and pharmaco-invasive strategy
	6.3.1. Comparison of fibrinolytic agents
	6.3.2. Hazards of fibrinolysis and contraindications

	6.4. Antithrombotic therapy in patients not undergoing reperfusion

	7. Acute coronary syndrome with unstable presentation
	7.1. Out-of-hospital cardiac arrest in acute coronary syndrome
	7.1.1. Healthcare systems and systems of care


	8. Management of acute coronary syndrome during hospitalization
	8.1. Coronary care unit/intensive cardiac care unit
	8.2. In-hospital care
	8.2.1. Duration of hospital stay
	8.2.2. Risk assessment
	8.2.2.1. Clinical risk assessment
	8.2.2.2. Biomarkers for risk assessment
	8.2.2.3. Bleeding risk assessment
	8.2.2.4. Integrating ischaemic and bleeding risks
	8.2.2.4. Evaluation of long-term risk before discharge



	9. Technical aspects of invasive strategies
	9.1. Percutaneous coronary intervention
	9.1.1. Intravascular imaging/physiology of the infarct-related artery
	9.1.1.1. Intravascular imaging
	9.1.1.2. Intravascular physiology

	9.1.2. Embolic protection and microvascular salvage strategies
	9.1.2.1. Interventions to protect the microcirculation


	9.2. Ongoing major trials

	10. Management of patients with multivessel disease
	11. Myocardial infarction with non-obstructive coronary arteries
	11.1. Characteristics, prognosis, and symptoms at presentation
	11.2. Invasive coronary angiography
	11.3. Functional coronary angiography
	11.4. Intravascular imaging (intravascular ultrasound/optical coherence tomography)
	11.5. Left ventricular angiography, pressure, and function
	11.6. Non-invasive evaluation
	11.7. Management of myocardial infarction with non-obstructive coronary arteries

	12. Special situations
	12.1. Complications
	12.1.1. Heart failure
	12.1.1.1. Mechanical complications

	12.1.2. Post-acute coronary syndrome pericarditis
	12.1.3. Bleeding
	12.1.3.1. Management of bleeding
	12.1.3.1.1. Bleeding events on antiplatelet agents
	12.1.3.1.2. Bleeding events on vitamin K antagonists

	12.1.3.2. Bleeding events on non-vitamin K antagonist oral anticoagulants
	12.1.3.3. Bleeding events related to percutaneous coronary intervention
	12.1.3.4. Bleeding events related to coronary artery bypass surgery
	12.1.3.5. Transfusion therapy


	12.2. Comorbid conditions
	12.2.1. Patients at high bleeding risk and with blood disorders (anaemia and thrombocytopenia)
	12.2.1.1. Thrombocytopenia following GP IIb/IIIa inhibitor therapy
	12.2.1.2. Heparin-induced thrombocytopenia

	12.2.2. Chronic kidney disease
	12.2.3. Older adults with frailty and multimorbidity
	12.2.3.1. The older person
	12.2.3.2. Frailty and multimorbidity
	12.2.3.3. Pharmacotherapy in older and frail patients

	12.2.4. Pregnancy
	12.2.5. Drug abuse
	12.2.5.1. Acute coronary syndrome associated with alcohol dependence and illicit drug use
	12.2.5.2. Acute coronary syndrome associated with illicit drug use

	12.2.6. Patients with cancer
	12.2.6.1. Pathophysiology
	12.2.6.2. Clinical presentation
	12.2.6.3. Initial management and acute multidisciplinary approach
	12.2.6.4. Invasive strategy
	12.2.6.5. Antithrombotic treatment
	12.2.6.6. Thrombocytopenia and cancer
	12.2.6.7. Cancer treatment

	12.2.7. Coronavirus disease (COVID-19)


	13. Long-term treatment
	13.1. Lifestyle management
	13.1.1. Nutrition and alcohol
	13.1.2. Resumption of activities
	13.1.2.1. Sexual activity
	13.1.2.2. Environmental factors


	13.2. Pharmacological treatment
	13.2.1. Lipid-lowering therapy
	13.2.2. Hormone replacement therapy


	14. Patient perspectives
	14.1. Patient-centred care
	14.2. Informed consent
	14.3. Research participation and consent in the acute setting
	14.4. Patient-reported outcome measures and patient-reported experience measures
	14.5. Preparation for discharge

	15. Gaps in evidence
	16. References
	16. References


