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PCI
PEGASUS-TIMI 54

PLATO
POISE
RCT
RIVAL
RR
RRR
SAFE-PCI
s.c.
STEMI
SWEDEHEART

SYNERGY

SYNTAX
TACTICS

TIA
TIMACS
TIMI
TRA 2P-TIMI 50

TRACER

TRILOGY ACS

TRITON-TIMI 38

TVR
UFH
VKA
WOEST

ZEUS

transient ischaemic attack
Timing of Intervention in Patients with Acute
Coronary Syndromes
Thrombolysis In Myocardial Infarction
Thrombin Receptor Antagonist in Secondary
Prevention of Atherothrombotic Ischemic
Events – Thrombolysis in Myocardial Infarction 50
Thrombin Receptor Antagonist for Clinical
Event Reduction in Acute Coronary
Syndrome
Targeted Platelet Inhibition to Clarify the Optimal Strategy to Medically Manage Acute
Coronary Syndromes
TRial to Assess Improvement in Therapeutic
Outcomes by Optimizing Platelet InhibitioN
with Prasugrel – Thrombolysis In Myocardial
Infarction 38
target vessel revascularization
unfractionated heparin
vitamin K antagonist
What is the Optimal antiplatElet and anticoagulant therapy in patients with OAC and
coronary StenTing
Zotarolimus-eluting Endeavor Sprint Stent in
Uncertain DES Candidates

1. Preamble
Guidelines summarize and evaluate all available evidence on a particular issue at the time of the writing process, with the aim of assisting health professionals in selecting the best management strategies
for an individual patient with a given condition, taking into account
the impact on outcome, as well as the risk– benefit ratio of particular diagnostic or therapeutic means. Guidelines and recommendations should help health professionals to make decisions in their
daily practice. However, the final decisions concerning an individual
patient must be made by the responsible health professional(s) in
consultation with the patient and caregiver as appropriate.
A great number of Guidelines have been issued in recent years by
the European Society of Cardiology (ESC) as well as by other societies and organisations. Because of the impact on clinical practice,
quality criteria for the development of guidelines have been established in order to make all decisions transparent to the user. The recommendations for formulating and issuing ESC Guidelines can be
found on the ESC website (http://www.escardio.org/Guidelines&-Education/Clinical-Practice-Guidelines/Guidelines-development/
Writing-ESC-Guidelines). ESC Guidelines represent the official position of the ESC on a given topic and are regularly updated.
Members of this Task Force were selected by the ESC to represent professionals involved with the medical care of patients
with this pathology. Selected experts in the field undertook a comprehensive review of the published evidence for management
(including diagnosis, treatment, prevention and rehabilitation) of a
given condition according to ESC Committee for Practice Guidelines (CPG) policy. A critical evaluation of diagnostic and therapeutic
procedures was performed, including assessment of the
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MI
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NSTE-ACS
NSTEMI
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Triple Therapy in Patients on Oral Anticoagulation After Drug Eluting Stent Implantation
intravenous
low-density lipoprotein
low molecular weight heparin
left ventricular
left ventricular ejection fraction
major adverse cardiovascular event
Minimizing Adverse Haemorrhagic Events by
TRansradial Access Site and Systemic Implementation of angioX
multidetector computed tomography
Metabolic Efficiency With Ranolazine for Less
Ischaemia in Non-ST-Elevation Acute Coronary Syndromes
myocardial infarction
Myocardial Infarction National Audit Project
non-vitamin K antagonist oral anticoagulant
non-steroidal anti-inflammatory drug
non-ST-elevation acute coronary syndromes
non-ST-elevation myocardial infarction
New York Heart Association
oral anticoagulation/anticoagulant
Organization to Assess Strategies for Ischaemic Syndromes
odds ratio
Prospective comparison of ARNI with ACEI
to Determine Impact on Global Mortality
and morbidity in Heart Failure
percutaneous coronary intervention
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
PLATelet inhibition and patient Outcomes
PeriOperative ISchemic Evaluation
randomized controlled trial
RadIal Vs femorAL access for coronary
intervention
relative risk
relative risk reduction
Study of Access Site for Enhancement of PCI
for Women
subcutaneous
ST-segment elevation myocardial infarction
Swedish Web-system for Enhancement and
Development of Evidence-based care in
Heart disease Evaluated According to Recommended Therapies
Superior Yield of the New Strategy of Enoxaparin, Revascularization and Glycoprotein IIb/
IIIa Inhibitors trial
SYNergy between percutaneous coronary
intervention with TAXus and cardiac surgery
Treat angina with Aggrastat and determine
Cost of Therapy with an Invasive or Conservative Strategy
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Classes of recommendations
Classes of
recommendations

Suggested wording to use
Evidence and/or general
agreement that a given treatment
or procedure is beneficial, useful,
effective.

Class II

Conflicting evidence and/or a
divergence of opinion about the
usefulness/efficacy of the given
treatment or procedure.

Class IIa

Weight of evidence/opinion is in
favour of usefulness/efficacy.

Should be considered

Class IIb

Usefulness/efficacy is less well
established by evidence/opinion.

May be considered

Class III

Evidence or general agreement
that the given treatment or
procedure is not useful/effective,
and in some cases may be harmful.

Is not recommended

risk –benefit ratio. Estimates of expected health outcomes for larger
populations were included, where data exist. The level of evidence
and the strength of the recommendation of particular management
options were weighed and graded according to predefined scales, as
outlined in Tables 1 and 2.
The experts of the writing and reviewing panels provided declaration of interest forms for all relationships that might be perceived as
real or potential sources of conflicts of interest. These forms were
compiled into one file and can be found on the ESC website (http://
www.escardio.org/guidelines). Any changes in declarations of
interest that arise during the writing period must be notified to
the ESC and updated. The Task Force received its entire financial
support from the ESC without any involvement from the healthcare
industry.
The ESC CPG supervises and coordinates the preparation of new
Guidelines produced by task forces, expert groups or consensus panels. The Committee is also responsible for the endorsement process of these Guidelines. The ESC Guidelines undergo extensive
review by the CPG and external experts. After appropriate revisions the Guidelines are approved by all the experts involved in
the Task Force. The finalized document is approved by the CPG
for publication in the European Heart Journal. The Guidelines
were developed after careful consideration of the scientific
and medical knowledge and the evidence available at the time of
their dating.
The task of developing ESC Guidelines covers not only
integration of the most recent research, but also the creation of
educational tools and implementation programmes for the recommendations. To implement the guidelines, condensed pocket
guidelines versions, summary slides, booklets with essential messages, summary cards for non-specialists and an electronic version
for digital applications (smartphones, etc.) are produced. These
versions are abridged and thus, if needed, one should always refer
to the full text version which is freely available on the ESC website.

Table 2

Is recommended/is
indicated

Levels of evidence

Level of
evidence A

Data derived from multiple randomized
clinical trials or meta-analyses.

Level of
evidence B

Data derived from a single randomized
clinical trial or large non-randomized
studies.

Level of
evidence C

Consensus of opinion of the experts and/
or small studies, retrospective studies,
registries.

The National Societies of the ESC are encouraged to endorse,
translate and implement all ESC Guidelines. Implementation programmes are needed because it has been shown that the outcome
of disease may be favourably influenced by the thorough application of clinical recommendations.
Surveys and registries are needed to verify that real-life daily practice is in keeping with what is recommended in the guidelines, thus
completing the loop between clinical research, writing of guidelines,
disseminating them and implementing them into clinical practice.
Health professionals are encouraged to take the ESC Guidelines
fully into account when exercising their clinical judgment, as well as
in the determination and the implementation of preventive, diagnostic or therapeutic medical strategies. However, the ESC Guidelines
do not override in any way whatsoever the individual responsibility
of health professionals to make appropriate and accurate decisions
in consideration of each patient’s health condition and in consultation with that patient and the patient’s caregiver where appropriate
and/or necessary. It is also the health professional’s responsibility to
verify the rules and regulations applicable to drugs and devices at the
time of prescription.
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2. Introduction
2.1 Definitions, pathophysiology and
epidemiology
The leading symptom that initiates the diagnostic and therapeutic
cascade in patients with suspected acute coronary syndromes
(ACS) is chest pain. Based on the electrocardiogram (ECG), two
groups of patients should be differentiated:

The clinical spectrum of non-ST-elevation ACS (NSTE-ACS) may
range from patients free of symptoms at presentation to individuals
with ongoing ischaemia, electrical or haemodynamic instability or
cardiac arrest. The pathological correlate at the myocardial level is
cardiomyocyte necrosis [NSTE-myocardial infarction (NSTEMI)]
or, less frequently, myocardial ischaemia without cell loss (unstable
angina). A small proportion of patients may present with ongoing
myocardial ischaemia, characterized by one or more of the following: recurrent or ongoing chest pain, marked ST depression on
12-lead ECG, heart failure and haemodynamic or electrical instability. Due to the amount of myocardium in jeopardy and the risk of
malignant ventricular arrhythmias, immediate coronary angiography
and, if appropriate, revascularization are indicated.
2.1.1 Universal definition of myocardial infarction
Acute myocardial infarction (MI) defines cardiomyocyte necrosis in
a clinical setting consistent with acute myocardial ischaemia.2
A combination of criteria is required to meet the diagnosis of acute
MI, namely the detection of an increase and/or decrease of a cardiac
biomarker, preferably high-sensitivity cardiac troponin, with at least
one value above the 99th percentile of the upper reference limit and
at least one of the following:
(1) Symptoms of ischaemia.
(2) New or presumed new significant ST-T wave changes or left
bundle branch block on 12-lead ECG.
(3) Development of pathological Q waves on ECG.
(4) Imaging evidence of new or presumed new loss of viable myocardium or regional wall motion abnormality.
(5) Intracoronary thrombus detected on angiography or autopsy.
2.1.1.1 Type 1 MI
Type 1 MI is characterized by atherosclerotic plaque rupture, ulceration, fissure, erosion or dissection with resulting intraluminal
thrombus in one or more coronary arteries leading to decreased

2.1.1.2 Type 2 MI
Type 2 MI is myocardial necrosis in which a condition other than coronary plaque instability contributes to an imbalance between myocardial oxygen supply and demand.2 Mechanisms include coronary
artery spasm, coronary endothelial dysfunction, tachyarrhythmias,
bradyarrhythmias, anaemia, respiratory failure, hypotension and severe hypertension. In addition, in critically ill patients and in patients
undergoing major non-cardiac surgery, myocardial necrosis may be
related to injurious effects of pharmacological agents and toxins.6
The universal definition of MI also includes type 3 MI (MI resulting
in death when biomarkers are not available) and type 4 and 5 MI
(related to percutaneous coronary intervention [PCI] and coronary
artery bypass grafting [CABG], respectively).
2.1.2 Unstable angina in the era of high-sensitivity cardiac
troponin assays
Unstable angina is defined as myocardial ischaemia at rest or minimal
exertion in the absence of cardiomyocyte necrosis. Among unselected patients presenting with suspected NSTE-ACS to the emergency department, the introduction of high-sensitivity cardiac
troponin measurements in place of standard troponin assays resulted
in an increase in the detection of MI (4% absolute and 20% relative
increase) and a reciprocal decrease in the diagnosis of unstable angina.7 – 10 Compared with NSTEMI patients, individuals with unstable
angina do not experience myocardial necrosis, have a substantially
lower risk of death and appear to derive less benefit from intensified
antiplatelet therapy as well as early invasive strategy.2 – 4,6 – 13
2.1.3 Pathophysiology and epidemiology
(see Web addenda)

3. Diagnosis
3.1 Clinical presentation
Anginal pain in NSTE-ACS patients may have the following
presentations:
† Prolonged (.20 min) anginal pain at rest;
† New onset (de novo) angina (class II or III of the Canadian Cardiovascular Society classification);21
† Recent destabilization of previously stable angina with at least
Canadian Cardiovascular Society Class III angina characteristics
(crescendo angina); or
† Post-MI angina.
Prolonged and de novo/crescendo angina are observed in 80%
and 20% of patients, respectively. Typical chest pain is characterized by a retrosternal sensation of pressure or heaviness (‘angina’)
radiating to the left arm (less frequently to both arms or to the right
arm), neck or jaw, which may be intermittent (usually lasting several
minutes) or persistent. Additional symptoms such as sweating, nausea, abdominal pain, dyspnoea and syncope may be present. Atypical
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(1) Patients with acute chest pain and persistent (.20 min)
ST-segment elevation.
This condition is termed ST-elevation ACS and generally reflects an acute total coronary occlusion. Most patients will ultimately develop an ST-elevation myocardial infarction (STEMI). The
mainstay of treatment in these patients is immediate reperfusion
by primary angioplasty or fibrinolytic therapy.1
(2) Patients with acute chest pain but no persistent ST-segment
elevation.
ECG changes may include transient ST-segment elevation,
persistent or transient ST-segment depression, T-wave inversion, flat T waves or pseudo-normalization of T waves or the
ECG may be normal.

myocardial blood flow and/or distal embolization and subsequent
myocardial necrosis. The patient may have underlying severe coronary artery disease (CAD) but, on occasion (i.e. 5 – 20% of cases),
there may be non-obstructive coronary atherosclerosis or no angiographic evidence of CAD, particularly in women.2 – 5
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presentations include epigastric pain, indigestion-like symptoms and
isolated dyspnoea. Atypical complaints are more often observed in
the elderly, in women and in patients with diabetes, chronic renal
disease or dementia.22 – 24 The exacerbation of symptoms by physical exertion and their relief at rest increase the probability of myocardial ischaemia. The relief of symptoms after nitrates
administration is not specific for anginal pain as it is reported also
in other causes of acute chest pain.24 In patients presenting with suspected MI to the emergency department, overall, the diagnostic performance of chest pain characteristics for MI is limited.24 Older age,
male gender, family history of CAD, diabetes, hyperlipidaemia,
hypertension, renal insufficiency, previous manifestation of CAD
as well as peripheral or carotid artery disease increase the likelihood
of NSTE-ACS. Conditions that may exacerbate or precipitate
NSTE-ACS include anaemia, infection, inflammation, fever, and
metabolic or endocrine (in particular thyroid) disorders.

Physical examination is frequently unremarkable in patients with
suspected NSTE-ACS. Signs of heart failure or haemodynamic or
electrical instability mandate a quick diagnosis and treatment. Cardiac auscultation may reveal a systolic murmur due to ischaemic mitral regurgitation, which is associated with poor prognosis, or aortic

3.3 Diagnostic tools
3.3.1 Electrocardiogram
The resting 12-lead ECG is the first-line diagnostic tool in the assessment of patients with suspected ACS (Figure 1). It is recommended to

High Likelihood
Likelihoo

Low Likelihood
Likelihoo
od

1. Presentation

2. ECG

3. Troponin

4. Diagnosis

Noncardiac

UA

Other
Cardiac

NSTEMI

STEMI

STEMI = ST-elevation myocardial infarction; NSTEMI = non-ST-elevation myocardial infarction; UA = unstable angina.

Figure 1 Initial assessment of patients with suspected acute coronary syndromes. The initial assessment is based on the integration of lowlikelihood and/or high-likelihood features derived from clinical presentation (i.e., symptoms, vital signs), 12-lead ECG, and cardiac troponin. The proportion of the final diagnoses derived from the integration of these parameters is visualized by the size of the respective boxes. “Other cardiac”
includes, among other, myocarditis, Tako-Tsubo cardiomyopathy, or tachyarrhythmias. “Non-cardiac” refers to thoracic diseases such as pneumonia
or pneumothorax. Cardiac troponin should be interpreted as a quantitative marker: the higher the level, the higher the likelihood for the presence of
myocardial infarction. In patients presenting with cardiac arrest or haemodynamic instability of presumed cardiovascular origin, echocardiography
should be performed/interpreted by trained physicians immediately following a 12-lead ECG. If the initial evaluation suggests aortic dissection or
pulmonary embolism, D-dimers and multi-detector computed tomography angiography are recommended according to dedicated algorithms.42,43
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3.2 Physical examination

stenosis (mimicking ACS).25 Rarely, a systolic murmur may indicate a
mechanical complication (i.e. papillary muscle rupture or ventricular
septal defect) of a subacute and possibly undetected MI. Physical
examination may identify signs of non-coronary causes of chest
pain (e.g. pulmonary embolism, acute aortic syndromes, myopericarditis, aortic stenosis) or extracardiac pathologies (e.g. pneumothorax, pneumonia or musculoskeletal diseases). In this setting,
the presence of a chest pain that can be reproduced by exerting
pressure on the chest wall has a relatively high negative predictive
value for NSTE-ACS.24,26 According to the presentation, abdominal
disorders (e.g. oesophageal spasm, oesophagitis, gastric ulcer, cholecystitis, 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 may point towards precipitating conditions such as anaemia and thyrotoxicosis.27
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Table 3 Clinical implications of high-sensitivity
cardiac troponin assays

Table 4 Conditions other than acute myocardial
infarction type 1 associated with cardiac troponin
elevation

Compared with standard cardiac troponin assays, high-sensitivity assays:
• Have higher negative predictive value for acute MI.

Tachyarrhythmias

• Reduce the “troponin-blind” interval leading to earlier detection of acute MI.

Heart failure

• 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.

Hypertensive emergencies

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

Critical illness (e.g. shock/ sepsis/ burns)
Myocarditisa

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

Tako-Tsubo cardiomyopathy

• Elevations beyond 5-fold the upper reference limit have high (>90%) positive predictive
value for acute type 1 MI.

Aortic dissection

• Elevations up to 3-fold the upper reference limit have only limited (50–60%) positive
predictive value for acute MI and may be associated with a broad spectrum of conditions.

Structural heart disease (e.g. aortic stenosis)

Pulmonary embolism, pulmonary hypertension
Renal dysfunction and associated cardiac disease
Coronary spasm

Rising and/or falling cardiac troponin levels differentiate acute from chronic
cardiomyocyte damage (the more pronounced the change, the higher the
likelihood of acute MI).

Acute neurological event (e.g. stroke or subarachnoid haemorrhage)
Cardiac contusion or cardiac procedures (CABG, PCI, ablation, pacing, cardioversion, or
endomyocardial biopsy)
Hypo- and hyperthyroidism

MI ¼ myocardial infarction.
venoms)

obtain it within 10 min of the patient’s arrival in the emergency room
or, ideally, at first contact with emergency medical services in the prehospital setting and to have it immediately interpreted by a qualified
physician.28 While the ECG in the setting of NSTE-ACS may be normal in more than one-third of patients, characteristic abnormalities
include ST depression, transient ST elevation and T-wave changes.1,18
If the standard leads are inconclusive and the patient has signs or
symptoms suggestive of ongoing myocardial ischaemia, additional
leads should be recorded; left circumflex artery occlusion or right
ventricular MI may be detected only in V7 – V9 and V3R and V4R, respectively.2 In patients with suggestive signs and symptoms, the
finding of persistent ST elevation indicates STEMI, which mandates
immediate reperfusion.1 Comparison with previous tracings is
valuable, particularly in patients with pre-existing ECG abnormalities. It is recommended to obtain additional 12-lead ECGs in the
case of persistent or recurrent symptoms or diagnostic uncertainty. In patients with bundle branch block or paced rhythm,
ECG is of no help for the diagnosis of NSTE-ACS.

3.3.2 Biomarkers
Biomarkers complement clinical assessment and 12-lead ECG in the
diagnosis, risk stratification and treatment of patients with suspected
NSTE-ACS. Measurement of a biomarker of cardiomyocyte injury,
preferably high-sensitivity cardiac troponin, is mandatory in all patients with suspected NSTE-ACS.2,6,8 Cardiac troponins are more
sensitive and specific markers of cardiomyocyte injury than creatine
kinase (CK), its MB isoenzyme (CK-MB) and myoglobin.6 If the clinical presentation is compatible with myocardial ischaemia, then a dynamic elevation of cardiac troponin above the 99th percentile of
healthy individuals indicates MI.2 In patients with MI, levels of cardiac
troponin rise rapidly (i.e. usually within 1 h if using high-sensitivity assays) after symptom onset and remain elevated for a variable period
of time (usually several days).2,6 Advances in technology have led to a
refinement in cardiac troponin assays and have improved the ability
to detect and quantify cardiomyocyte injury.2,6,8,10,29 – 37 In Europe,

Extreme endurance efforts
Rhabdomyolysis

Bold = most frequent conditions; CABG ¼ coronary artery bypass surgery; PCI ¼
percutaneous coronary intervention.
a
includes myocardial extension of endocarditis or pericarditis.

the vast majority of cardiac troponin assays run on automated platforms and are sensitive (i.e. allow for detection of cardiac troponin in
20 – 50% of healthy individuals) or high-sensitivity (detection in
50– 90% of healthy individuals) assays. High-sensitivity assays are
recommended over less sensitive ones.2,6,8 The majority of currently
used point-of-care assays cannot be considered sensitive or highsensitivity assays.8,35 Therefore the obvious advantage of
point-of-care tests, namely the shorter turnaround time, is counterbalanced by lower sensitivity, lower diagnostic accuracy and lower
negative predictive value. Overall, automated assays have been
more thoroughly evaluated as compared with point-of-care tests.2,6,8
As these techniques continue to improve and performance characteristics are both assay and hospital dependent, no recommendation
regarding the site of measurement (central laboratory vs. bedside)
can be given.2,6,8,38 Data from large multicentre studies have consistently shown that sensitive and high-sensitivity cardiac troponin assays increase diagnostic accuracy for MI at the time of presentation
as compared with conventional assays, especially in patients presenting early after chest pain onset, and allow for a more rapid ‘rule-in’
and ‘rule-out’ of MI (see section 3.3.3 and Table 3).2,6,8,29 – 34
In most patients with renal dysfunction, elevations in cardiac troponin should not be primarily attributed to impaired clearance and considered harmless, as cardiac conditions such as chronic coronary or
hypertensive heart disease seem to be the most important contributor to troponin elevation in this setting.41 Other life-threatening conditions presenting with chest pain, such as aortic dissection and
pulmonary embolism, may also result in elevated troponin levels
and should be considered as differential diagnoses (Table 4).
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• It is common to detect circulating levels of cardiac troponin in healthy individuals.
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diagnoses
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Invasivemanagement
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GRACE = Global Registry of Acute Coronary Events score; hs-cTn = high sensitivity cardiac troponin; ULN = upper limit of normal, 99th percentile of healthy controls.
a

Figure 2 0 h/3 h rule-out algorithm of non-ST-elevation acute coronary syndromes using high-sensitivity cardiac troponin assays.

Among the multitude of additional biomarkers evaluated for the
diagnosis of NSTE-ACS, only CK-MB and copeptin seem to have
clinical relevance.2,6,8,10,44 – 50 CK-MB shows a more rapid decline
after MI as compared with cardiac troponin and may provide added
value for the timing of myocardial injury and the detection of early
reinfarction.2,6,8,10 Assessment of copeptin, the C-terminal part of
the vasopressin prohormone, may quantify the endogenous stress
level in multiple medical conditions including MI. As the level of endogenous stress appears to be invariably high at the onset of MI, the
added value of copeptin to conventional (less sensitive) cardiac
troponin assays is substantial.44 – 50 Therefore the routine use of
copeptin as an additional biomarker for the early rule-out of MI
is recommended whenever sensitive or high-sensitivity cardiac
troponin assays are not available. Copeptin may have some added
value even over high-sensitivity cardiac troponin in the early ruleout of MI.44 – 48
3.3.3 ‘Rule-in’ and ‘rule-out’ algorithms
Due to the higher sensitivity and diagnostic accuracy for the detection of acute MI at presentation, the time interval to the second cardiac troponin assessment can be shortened with the use of
high-sensitivity assays. This may reduce substantially the delay to
diagnosis, translating into shorter stays in the emergency department and lower costs.2,6,8,10,29 – 36 It is recommended to use the
0 h/3 h algorithm (Figure 2). As an alternative, 0 h/1 h assessments
are recommended when high-sensitivity cardiac troponin assays
with a validated algorithm are available (Figure 3). The 0 h/1 h algorithms rely on two concepts: first, high-sensitivity cardiac troponin is
a continuous variable and the probability of MI increases with increasing high-sensitivity cardiac troponin values;39 second, early absolute changes of the levels within 1 h can be used as surrogates for

Suspected NSTEMI

0h <A ng/l or

0h <B ng/l
and
0-1h <C ng/l

Rule-out

Other

0h ≥D ng/l
or
0-1h ≥E ng/l

Observe

Rule-in

A

B

C

D

E

hs-cTnT (Elecsys)

5

12

3

52

5

hs-cTnl (Architect)

2

5

2

52

6

0.5

5

2

107

19

hs-cTnl (Dimension Vista)

Figure 3 0 h/1 h rule-in and rule-out algorithms using highsensitivity cardiac troponins (hs-cTn) assays in patients presenting
with suspected non-ST-elevation myocardial infarction (NSTEMI)
to the emergency department. 0 h and 1 h refer to the time from
first blood test. NSTEMI can be ruled-out already at presentation,
if the hs-cTn concentration is very low. NSTEMI can also be ruledout by the combination of low baseline levels and the lack of a relevant increase within 1 h. Patients have a high likelihood for NSTEMI
if the hs-cTn concentration at presentation is at least moderately
elevated or hs-cTn concentrations show a clear rise within the first
hour. Cut-off levels are assay-specific. Cut-off levels for other
hs-cTn assays are in development.

absolute changes over 3 h or 6 h and provide incremental diagnostic
value to the cardiac troponin assessment at presentation.39 The cutoff levels within the 0 h/1 h algorithm are assay specific.36,39,51 – 55
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Those algorithms should always be integrated with a detailed
clinical assessment and 12-lead ECG and repeat blood sampling is
mandatory in case of ongoing or recurrent chest pain (Table 5,
see Web addenda).
Table 5 (see Web addenda) Characteristics of the 0 h/3 h
and 0 h/1 h algorithms

3.3.4 Non-invasive imaging
3.3.4.1 Functional evaluation
Transthoracic echocardiography should be routinely available in
emergency rooms and chest pain units and performed/interpreted

by trained physicians in all patients during hospitalization for
NSTE-ACS. This imaging modality is useful to identify abnormalities
suggestive of myocardial ischaemia or necrosis (i.e. segmental hypokinesia or akinesia). In the absence of significant wall motion abnormalities, impaired myocardial perfusion detected by contrast
echocardiography or reduced regional function using strain and
strain rate imaging might improve the diagnostic and prognostic value of conventional echocardiography.60,61 Moreover, echocardiography can help in detecting alternative pathologies associated with
chest pain, such as acute aortic dissection, pericardial effusion, aortic
valve stenosis, hypertrophic cardiomyopathy or right ventricular
dilatation suggestive of acute pulmonary embolism. Similarly, echocardiography is the diagnostic tool of choice for patients with
haemodynamic instability of suspected cardiac origin.62 Evaluation
of left ventricular (LV) systolic function, at the latest by the time
of hospital discharge, is important to estimate prognosis, and echocardiography (as well as other imaging modalities) can provide this
information.
In patients without ischaemic changes on 12-lead ECGs and negative cardiac troponins (preferably high-sensitivity) who are free of
chest pain for several hours, stress imaging can be performed during
admission or shortly after discharge. Stress imaging is preferred over
exercise ECG due to its greater diagnostic accuracy.63 Various studies
have shown that normal exercise, dobutamine or dipyridamole stress
echocardiograms have high negative predictive value for ischaemia and
are associated with excellent patient outcomes.64,65 Moreover, stress
echocardiography demonstrated superior prognostic value over exercise ECG.64,66 The addition of contrast may improve endocardial border detection, which may facilitate detection of ischaemia.67
Cardiac magnetic resonance (CMR) can assess both perfusion
and wall motion abnormalities, and patients presenting with acute
chest pain with a normal stress CMR have an excellent short- and
midterm prognosis.68 CMR also permits detection of scar tissue
(using late gadolinium enhancement) and can differentiate this
from recent infarction (using T2-weighted imaging to delineate myocardial oedema).69,70 Moreover, CMR can facilitate the differential
diagnosis between infarction and myocarditis or Tako–Tsubo cardiomyopathy.71 Similarly, nuclear myocardial perfusion imaging has
been shown to be useful for risk stratification of patients with acute
chest pain suggestive for ACS. Resting myocardial scintigraphy, by
detecting fixed perfusion defects suggestive of myocardial necrosis,
can be helpful for initial triage of patients presenting with chest pain
without ECG changes or elevated cardiac troponins.72 Combined
stress –rest imaging may further enhance assessment of ischaemia,
while a normal study is associated with excellent outcome.73,74
Stress – rest imaging modalities are usually not widely available on
24 h service.
3.3.4.2 Anatomical evaluation
Multidetector computed tomography (MDCT) allows for visualization of the coronary arteries and a normal scan excludes CAD. A
meta-analysis of nine studies (n ¼ 1349 patients) has reported overall high negative predictive values to exclude ACS (by excluding
CAD) and excellent outcome in patients presenting to the emergency department with low to intermediate pre-test probability
for ACS and a normal coronary CT angiogram.75 Four randomized
controlled trials (RCTs) have tested MDCT (n ¼ 1869 patients) vs.
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The negative predictive value for MI in patients assigned ‘rule-out’
exceeded 98% in several large validation cohorts.30 – 34,36,39,51 – 55
Used in conjunction with clinical and ECG findings, the 0 h/1 h
algorithm may allow the identification of candidates for early discharge and outpatient management. The positive predictive value
for MI in those patients meeting the ‘rule-in’ criteria was 75 –
80%.30 – 34,39,53 – 55 Most of the ‘rule-in’ patients with diagnoses other
than MI did have conditions that usually require inpatient coronary
angiography for accurate diagnosis, including Tako– Tsubo cardiomyopathy and myocarditis.39,53 – 55 Patients who do not qualify for
‘rule-out’ or ‘rule-in’ represent a heterogeneous group that may require further investigations if no alternative explanation for the cardiac troponin elevation is identified. A large proportion of these
patients may require a further high-sensitivity cardiac troponin assessment (e.g. at 3 h). Coronary angiography should be considered
in patients for whom there is a high degree of clinical suspicion of
NSTE-ACS, while in patients with low to intermediate likelihood
for this condition, computed tomography (CT) coronary angiography should be considered. No further diagnostic testing in the
emergency department is indicated when alternative conditions
such as rapid ventricular rate response to atrial fibrillation or hypertensive emergency have been identified.
For rapid rule-out, two alternative approaches to the 0 h/1 h
or 0 h/3 h algorithms have been adequately validated and may be
considered. First, a 2 h rule-out protocol combining the Thrombolysis in Myocardial Infarction (TIMI) risk score with ECG and highsensitivity cardiac troponin at presentation allowed a safe rule-out
in up to 40% of patients.56 – 58 Second, a dual-marker strategy combining normal levels of cardiac troponin together with low levels of
copeptin (,10 pmol/L) at presentation showed very high negative
predictive value for MI, obviating the need for serial testing in selected patients.44 – 50 When using any algorithm, three main caveats
apply: (i) algorithms should only be used in conjunction with all available clinical information, including detailed assessment of chest pain
characteristics and ECG; (ii) in patients presenting very early (e.g.
within 1 h from chest pain onset), the second cardiac troponin level
should be obtained at 3 h, due to the time dependency of troponin
release; (iii) as late increases in cardiac troponin have been described in 1% of patients, serial cardiac troponin testing should
be pursued if the clinical suspicion remains high or whenever the patient develops recurrent chest pain.52,54 High-sensitivity cardiac
troponin assays also maintain high diagnostic accuracy in patients
with renal dysfunction. To ensure the best possible clinical use,
assay-specific optimal cut-off levels, which are higher in patients
with renal dysfunction, should be used.59

Page 11 of 59

Page 12 of 59

ESC Guidelines

and coronary artery spasm are briefly described in section 5.6.4.2,
Web addenda. Stroke may be accompanied by ECG changes, myocardial wall motion abnormalities and an increase in cardiac troponin
levels.2,6 The majority of patients presenting with acute chest pain to
the emergency department have non-cardiac conditions causing the
chest discomfort. In many instances the pain is musculoskeletal, and
therefore benign, self-limiting and does not require hospitalization.
Chest pain characteristics help to some extent in the early identification of those patients.24

4. Risk assessment and outcomes
4.1 Clinical presentation,
electrocardiogram and biomarkers
4.1.1 Clinical presentation
In addition to some universal clinical markers of risk, such as advanced age, diabetes and renal insufficiency, the initial clinical presentation is highly predictive of early prognosis.82 Chest pain at rest
carries a worse prognosis than symptoms elicited during physical
exertion. In patients with intermittent symptoms, an increasing
number of episodes preceding the index event also adversely affects
prognosis. Tachycardia, hypotension, heart failure and new mitral
regurgitation at presentation predict poor prognosis and call for rapid diagnosis and management.25,82 – 84

3.4 Differential diagnosis
Among unselected patients presenting with acute chest pain to the
emergency department, disease prevalence can be expected to be
the following: 5 – 10% STEMI, 15 – 20% NSTEMI, 10% unstable angina, 15% other cardiac conditions and 50% non-cardiac diseases.48,51,52,56 – 58 Several cardiac and non-cardiac conditions may
mimic NSTE-ACS (Table 6).
Conditions that should always be considered in the differential
diagnosis of NSTE-ACS, because they are potentially lifethreatening but also treatable, include aortic dissection, pulmonary
embolism and tension pneumothorax. Echocardiography should be
performed urgently in all patients with haemodynamic instability of
suspected cardiovascular (CV) origin.62
Chest X-ray is recommended in all patients in whom NSTE-ACS is
considered unlikely in order to detect pneumonia, pneumothorax, rib
fractures or other thoracic disorders. Tako–Tsubo cardiomyopathy

Table 6

4.1.2 Electrocardiogram
The initial ECG is predictive of early risk.18 Patients with ST depression have a worse prognosis than patients with a normal ECG.85,86
The number of leads showing ST depression and the magnitude of
ST depression are indicative of the extent of ischaemia and correlate
with prognosis on the one hand, and benefit from an invasive treatment strategy on the other.87 ST depression ≥0.05 mV in two or
more contiguous leads, in the appropriate clinical context, is suggestive of NSTE-ACS and linked to adverse prognosis.85 ST depression combined with transient ST elevation identifies a high-risk
subgroup,88 while associated T-wave inversion does not alter the
prognostic value of ST depression. While isolated T-wave inversion
on admission has not been associated with worse prognosis compared with the absence of ECG abnormalities, it frequently triggers
a more rapid diagnosis and treatment.86

Differential diagnoses of acute coronary syndromes in the setting of acute chest pain
Cardiac

Myopericarditis
Cardiomyopathiesa

Pulmonary

Vascular

Gastro-intestinal

Orthopaedic

Oesophagitis, reflus or spasm

Musculoskeletal disorders

Symptomatic aortic aneurysm

Peptic
Pepticulcer,
ulcer,gastritis
gastritis

Chest trauma

Stroke

Pancreatitis
Pancreatitis

Pulmonary embolism

Aortic dissection

Tachyarrhythmias

(Tension)-Pneumothorax

Acute heart failure

Bronchitis, pneumonia

Hypertensive emergencies

Pleuritis

Cholecystitis
Cholecystitis

Aortic valve stenosis
Tako-Tsubo cardiomyopathy
Coronary spasm
Cardiac trauma

Bold ¼ common and/or important differential diagnoses.
a
Dilated, hypertrophic and restrictive cardiomyopathies may cause angina or chest discomfort.

Other

Anxiety disorders
Herpes zoster
Anaemia

Costochondritis
Cervical spine pathologies
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usual care (n ¼ 1397) in the triage of low- to intermediate-risk patients presenting with acute chest pain to emergency departments
without signs of ischaemia on ECG and/or inconclusive cardiac troponins.76 – 79 At a follow-up of 1–6 months, there were no deaths,
and a meta-analysis demonstrated comparable outcomes with the
two approaches (i.e. no difference in the incidence of MI, postdischarge emergency department visits or rehospitalizations) and
showed that MDCT was associated with a reduction in emergency department costs and length of stay.80 However, none of these studies
used high-sensitivity cardiac troponin assays, which also may reduce
hospital stay. It was also noted that MDCT was associated with an increase in the use of invasive angiography {8.4% vs. 6.3%; odds ratio
[OR] 1.36 [95% confidence interval (CI) 1.03, 1.80], P ¼ 0.030}.80 Accordingly, MDCT coronary angiography can be used to exclude CAD
(and MDCT is thus not useful in patients with known CAD). Other
factors limiting MDCT coronary angiography include severe calcifications (high calcium score) and elevated or irregular heart rate; in addition, a sufficient level of expertise is needed and 24 h service is
currently not widely available. Finally, the use of MDCT coronary angiography in the acute setting in patients with stents or previous CABG
has not been validated. Importantly, CT imaging can effectively exclude
other causes of acute chest pain that, if untreated, are associated with
high mortality, namely pulmonary embolism, aortic dissection and tension pneumothorax.81
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4.2 Ischaemic risk assessment
In NSTE-ACS, quantitative assessment of ischaemic risk by means of
scores is superior to the clinical assessment alone. The GRACE risk
score provides the most accurate stratification of risk both on admission and at discharge.92,93 The GRACE 2.0 risk calculator (http://
www.gracescore.org/WebSite/default.aspx?ReturnUrl=%2f) provides a direct estimation, bypassing the calculation of a score, of
mortality while in hospital, at 6 months, at 1 year and at 3 years.
The combined risk of death or MI at 1 year is also provided.94
Variables used in the GRACE 2.0 risk calculation include age, systolic
blood pressure, pulse rate, serum creatinine, Killip class at presentation, cardiac arrest at admission, elevated cardiac biomarkers and ST
deviation. If the Killip class or serum creatinine values are not available, a modified score can be calculated by adding renal failure and
use of diuretics, respectively. The TIMI risk score uses seven variables in an additive scoring system: age ≥65 years, three or more
CAD risk factors, known CAD, aspirin use in the past 7 days, severe
angina (two or more episodes within 24 h), ST change ≥0.5 mm and
positive cardiac marker (http://www.timi.org/index.php?page=
calculators).82 It is simple to use, but its discriminative accuracy is inferior to that of the GRACE risk score and the GRACE 2.0 risk calculation. While the value of risk scores as prognostic assessment
tools is undisputed, the impact of risk score implementation on patient outcomes has not been adequately investigated.95,96
4.2.1 Acute risk assessment
Patients with suspected NSTE-ACS must be evaluated rapidly in order
to identify individuals with ongoing myocardial ischaemia who are at
risk of life-threatening arrhythmias and need close surveillance as
well as immediate coronary angiography. Patients with suspected
NSTE-ACS should be observed in interdisciplinary emergency departments or chest pain units until the diagnosis of MI is confirmed or ruled

out. The greatest challenge is the integration of clinical presentation
with information derived from ECG, troponin assessment and imaging
modalities into a standardised management strategy.97 Assessment of
acute risk guides initial evaluation, selection of the site of care (i.e. coronary or intensive care unit, intermediate care unit, inpatient monitored unit or regular unit) and therapy, including antithrombotic
treatment and timing of coronary angiography. Risk is highest at the
time of presentation and may remain elevated for several days, although rapidly declining over time, depending on clinical presentation,
comorbidities, coronary anatomy and revascularization.98 The estimated risk should be communicated to the patient and their family.

4.2.2 Cardiac rhythm monitoring
Early revascularization as well as the use of antithrombotic agents
and beta-blockers have markedly reduced the incidence of lifethreatening arrhythmias in the acute phase to ,3%, with most of
the arrhythmic events occurring within 12 h of symptom onset.99,100 Patients with life-threatening arrhythmias more frequently
had prior heart failure, LV ejection fraction (LVEF) ,30% and triplevessel CAD. A patient with NSTE-ACS who presents early after
symptom onset, has no or mild to moderate cardiac biomarker elevation, normal LV function and single-vessel CAD successfully treated with PCI may be discharged the next day. At the other end of the
spectrum are NSTE-ACS patients with multivessel CAD in whom
complete revascularization may not be achieved in one session
(or at all); these patients may have a complicated course (e.g. heart
failure) or prior cardiac disease, major comorbidities, advanced age
or recent extensive myocardial necrosis.101,102 Cardiac troponinnegative (i.e. unstable angina) patients without recurrent or ongoing
symptoms and with normal ECG do not necessarily require rhythm
monitoring or hospital admission.
NSTEMI patients at low risk for cardiac arrhythmias require
rhythm monitoring for ≤24 h or until coronary revascularization
(whichever comes first) in an intermediate or coronary care unit,
while individuals at intermediate to high risk for cardiac arrhythmia
may require rhythm monitoring for .24 h in an intensive or
coronary care unit or in an intermediate care unit, depending on
the clinical presentation, degree of revascularization and early
post-revascularization course (Table 7). It is recommended that personnel adequately equipped and trained to manage life-threatening
Table 7 Recommended unit and duration of
monitoring according to clinical presentation after
established NSTE-ACS diagnosis
Clinical Presentation
Unstable angina
NSTEMI at low risk for cardiac
arrhythmiasa

Unit

Rhythm
monitoring

Regular ward or discharge

None

Intermediate care unit
or coronary care unit

≤24 h

NSTEMI at intermediate to high Intensive/coronary care units or
intermediate care unit
risk for cardiac arrhythmiasb

>24 h

NSTEMI ¼ Non-ST-elevation myocardial infarction.
a
If none of the following criteria: haemodynamically unstable, major arrhythmias,
left ventricular ejection fraction ,40%, failed reperfusion, additional critical
coronary stenoses of major vessels or complications related to percutaneous
revascularization.
b
If one or more of the above criteria are present.
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4.1.3 Biomarkers
Beyond diagnostic utility, cardiac troponin levels add prognostic information in terms of short- and long-term mortality to clinical and
ECG variables. While high-sensitivity cardiac troponin T and I seem
to have comparable diagnostic accuracy, high-sensitivity cardiac
troponin T has greater prognostic accuracy.89,90 The higher the
high-sensitivity troponin levels at presentation, the greater the risk
of death.6,8,10,39 Multiple biomarkers have been associated with
mortality in NSTE-ACS, several of them conferring additive
prognostic value to cardiac troponin.8,48 – 50 Serum creatinine and
estimated glomerular filtration rate (eGFR) should also be determined in all patients with NSTE-ACS because they affect prognosis
and are key elements of the Global Registry of Acute Coronary
Events (GRACE 2.0) risk calculation (see section 4.2). The extensively validated natriuretic peptides (i.e. B-type natriuretic peptide,
N-terminal pro-B-type natriuretic peptide and midregional
pro-A-type natriuretic peptide) provide prognostic information on
top of cardiac troponin.91 To some extent, the same applies to highsensitivity C-reactive protein and novel biomarkers such as midregional pro-adrenomedullin, growth differentiation factor 15 and
copeptin. However, the assessment of these markers has so far not
been shown to improve patient management and their added value
in risk assessment on top of the GRACE 2.0 risk calculation seems
marginal. Therefore the routine use of these biomarkers for prognostic purposes cannot be recommended at the present time.
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arrhythmias and cardiac arrest accompany patients who are transferred between facilities during the time window in which they require continuous rhythm monitoring.
4.2.3 Long-term risk
In addition to short-term risk factors, a number of conditions are associated with long-term risk, including a complicated clinical course,
LV systolic dysfunction, atrial fibrillation, severity of CAD, revascularization status, evidence of residual ischaemia on non-invasive testing and non-cardiac comorbidities. At 1 year, the rates of death, MI
and recurrent ACS in contemporary NSTE-ACS registries are
.10%. While early events are related to ruptured coronary plaques
and associated thrombosis, the majority of later events may be the
result of coronary and systemic atherosclerosis progression.98,103

4.3 Bleeding risk assessment

coronary angiography, with CRUSADE found to be the most discriminatory.107 However, in patients medically treated or on oral anticoagulants, the predictive value of these scores is not established.
Moreover, the impact on patient outcomes of integrating these
scores has not been investigated. Given these limitations, use of the
CRUSADE bleeding risk score may be considered in patients undergoing coronary angiography to quantify bleeding risk.

4.4 Recommendations for diagnosis,
risk stratification, imaging and rhythm
monitoring in patients with suspected
non-ST-elevation acute coronary
syndromes
Recommendations for diagnosis, risk stratification,
imaging and rhythm monitoring in patients with
suspected non-ST-elevation acute coronary
syndromes

Recommendations

Classa Levelb

Ref.c

Diagnosis and risk stratification
It is recommended to base diagnosis
and initial short-term ischaemic and
bleeding risk stratification on a
combination of clinical history,
symptoms, vital signs, other physical
findings, ECG and laboratory results.

I

A

28,
109–
112

It is recommended to obtain a 12-lead
ECG within 10 min after first medical
contact and to have it immediately
interpreted by an experienced
physician. It is recommended to obtain
an additional 12-lead ECG in case of
recurrent symptoms or diagnostic
uncertainty.

I

B

28

Additional ECG leads (V3R, V4R,
V7 –V9) are recommended if ongoing
ischaemia is suspected when standard
leads are inconclusive.

I

C

It is recommended to measure cardiac
troponins with sensitive or
high-sensitivity assays and obtain the
results within 60 min.
A rapid rule-out protocol at 0 h and
3 h is recommended if high-sensitivity
cardiac troponin tests are available.

I

I

A

6,30–
36,
39,
51– 59,
108

B

6,
30– 36,
39,
51– 59,
108

A rapid rule-out and rule-in protocol at
0 h and 1 h is recommended if a
high-sensitivity cardiac troponin test
with a validated 0 h/1 h algorithm is
available. Additional testing after 3–6 h
is indicated if the first two troponin
measurements are not conclusive and
the clinical condition is still suggestive of
ACS.

I

B

30– 34,
36,
39,
51–55

It is recommended to use established
risk scores for prognosis estimation.

I

B

84,94,
106
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Major bleeding events are associated with increased mortality in
NSTE-ACS.104,105 Bleeding risk scores have been developed
from registry or trial cohorts in the setting of ACS and PCI.
The Can Rapid risk stratification of Unstable angina patients Suppress
ADverse outcomes with Early implementation of the ACC/
AHA guidelines (CRUSADE) bleeding risk score (http://www.
crusadebleedingscore.org) was developed from a cohort of 71 277
NSTE-ACS patients (derivation cohort) and further validated in a cohort of 17 857 patients (validation cohort) from the same registry.106
The CRUSADE bleeding risk score considered baseline patient characteristics (i.e. female gender, history of diabetes, history of peripheral
vascular disease or stroke), admission clinical variables (i.e. heart rate,
systolic blood pressure, signs of heart failure) and admission laboratory values (i.e. haematocrit, calculated creatinine clearance) to estimate the patient’s likelihood of an in-hospital major bleeding event.
However, model performance for the risk score was modest
(C-statistic 0.68 in patients treated conservatively and 0.73 in patients
undergoing invasive approach).
The Acute Catheterization and Urgent Intervention Triage strategY (ACUITY) bleeding risk score was derived from a pooled cohort
of 17 421 patients with ACS (both NSTE-ACS and STEMI) recruited
in the ACUITY and Harmonizing Outcomes with RevasculariZatiON
and Stents in Acute Myocardial Infarction (HORIZONS-AMI)
trials.104 Six independent baseline predictors (i.e. female gender,
advanced age, elevated serum creatinine, white blood cell count,
anaemia and presentation as NSTEMI or STEMI) and one treatment-related variable [use of unfractionated heparin (UFH) and a
glycoprotein IIb/IIIa (GPIIb/IIIa) inhibitor rather than bivalirudin alone]
were identified. This risk score identified patients at increased risk for
non-CABG-related major bleeds at 30 days and subsequent 1 year
mortality. However, it has not been validated in an independent cohort, no risk calculator is available and model performance for the risk
score is modest (C-statistic 0.74). Changes in interventional practice,
such as increasing use of radial access, reduction in the dose of UFH,
use of bivalirudin, diminished use of GPIIb/IIIa inhibitors and administration of more effective inhibitors of the platelet adenosine diphosphate (ADP) receptor P2Y12 (P2Y12 inhibitors), may all modify the
predictive value of risk scores. Ischaemic and bleeding risks need to
be weighed in the individual patient, although many of the predictors
of ischaemic events are also associated with bleeding complications.104,106 Overall, CRUSADE and ACUITY scores have reasonable
predictive value for major bleeding in ACS patients undergoing
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The use of the CRUSADE score may be
considered in patients undergoing
coronary angiography to quantify
bleeding risk.

5. Treatment
IIb

B

106,
107

Imaging

I

A

Echocardiography is recommended to
evaluate regional and global LV
function and to rule in or rule out
differential diagnoses.d

I

C

MDCT coronary angiography should
be considered as an alternative to
invasive angiography to exclude ACS
when there is a low to intermediate
likelihood of CAD and when cardiac
troponin and/or ECG are
inconclusive.

IIa

A

64,74,
113,
114

80

Monitoring
Continuous rhythm monitoring is
recommended until the diagnosis
of NSTEMI is established or ruled
out.

I

C

101

It is recommended to admit NSTEMI
patients to a monitored unit.

I

C

99,100

Rhythm monitoring up to 24 h or PCI
(whichever comes first) should be
considered in NSTEMI patients at low
risk for cardiac arrhythmias.e

IIa

C

Rhythm monitoring for .24 h should
be considered in NSTEMI patients at
intermediate to high-risk for cardiac
arrhythmias.f

IIa

C

In the absence of signs or symptoms of
ongoing ischaemia, rhythm monitoring
in unstable angina may be considered
in selected patients (e.g. suspicion of
coronary spasm or associated
symptoms suggestive of arrhythmic
events).

IIb

C

ACS ¼ acute coronary syndromes; CAD ¼ coronary artery disease; ECG ¼
electrocardiogram; LV ¼ left ventricular; MDCT ¼ multidetector computed
tomography; NSTEMI ¼ non-ST-elevation myocardial infarction; PCI ¼
percutaneous coronary intervention. 0 h ¼ time of first blood test; 1 h, 3 h ¼ 1
or 3 h after the first blood test.
a
Class of recommendation.
b
Level of evidence.
c
References supporting level of evidence.
d
Does not apply to patients discharged the same day in whom NSTEMI has been
ruled out.
e
If none of the following criteria: haemodynamically unstable, major arrhythmias,
left ventricular ejection fraction ,40%, failed reperfusion, additional critical
coronary stenoses of major vessels or complications related to percutaneous
revascularization.
f
If one or more of the above criteria are present.

5.1.1 General supportive measures
The goal of pharmacological anti-ischaemic therapy is to decrease
myocardial oxygen demand (secondary to a decrease in heart rate,
blood pressure, preload or myocardial contractility) or to increase
myocardial oxygen supply (by administration of oxygen or through
coronary vasodilation). If, following treatment, the patient does not
rapidly become free of ischaemic signs or symptoms, immediate coronary angiography is recommended independently of ECG findings
and cardiac troponin levels. While data in NSTE-ACS are lacking, a randomized comparison of oxygen vs. air administration in 441 normoxaemic patients with STEMI showed no benefit and possibly harm
associated with oxygen administration. Oxygen should be administered when blood oxygen saturation is ,90% or if the patient is in respiratory distress.115 In patients whose ischaemic symptoms are not
relieved by nitrates and beta-blockers, opiate administration is reasonable while waiting for immediate coronary angiography, with the caveat
that morphine may slow intestinal absorption of oral platelet inhibitors.

5.1.2 Nitrates
Intravenous nitrates are more effective than sublingual nitrates with
regard to symptom relief and regression of ST depression. Under
careful blood pressure monitoring, the dose should be titrated upwards until symptoms are relieved, and in hypertensive patients until
blood pressure is normalized, unless side effects (notably headache
or hypotension) occur. Beyond symptom control, there is no indication for nitrate treatment.116 In patients with recent intake of a
phosphodiesterase type 5 inhibitor (i.e. within 24 h for sildenafil
or vardenafil and 48 h for tadalafil), nitrates should not be administered due to the risk of severe hypotension.117
5.1.3 Beta-blockers
Beta-blockers competitively inhibit the myocardial effects of circulating catecholamines and reduce myocardial oxygen consumption
by lowering heart rate, blood pressure and myocardial contractility.
The evidence for the beneficial effects of beta-blockers in
NSTE-ACS is derived from a meta-analysis of 27 early studies showing that beta-blocker treatment was associated with a significant
13% relative risk reduction (RRR) of mortality in the first week following MI.118 In addition, a later meta-analysis comprising 73 396 patients with ACS showed an 8% RRR (P ¼ 0.04) for in-hospital
mortality associated with beta-blockade, with no increase in cardiogenic shock.119 A registry study of 21 822 NSTEMI patients found
that in patients at risk of developing cardiogenic shock (i.e. age
.70 years, heart rate .110 beats/min, systolic blood pressure
,120 mmHg) the observed shock or death rate was significantly increased in patients receiving beta-blockers within 24 h of hospital
admission.120 Therefore early administration of beta-blockers
should be avoided in these patients if the ventricular function is unknown. Beta-blockers should not be administered in patients with
symptoms possibly related to coronary vasospasm or cocaine use,
as they might favour spasm by leaving alpha-mediated vasoconstriction unopposed by beta-mediated vasodilation.
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In patients with no recurrence of
chest pain, normal ECG findings and
normal levels of cardiac troponin
(preferably high-sensitivity), but
suspected ACS, a non-invasive stress
test (preferably with imaging) for
inducible ischaemia is recommended
before deciding on an invasive
strategy.

5.1 Pharmacological treatment of
ischaemia
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5.1.4 Other drug classes (see Web addenda)
5.1.5 Recommendations for anti-ischaemic drugs in the
acute phase of non-ST-elevation acute coronary syndromes
Recommendations for anti-ischaemic drugs in the
acute phase of non-ST-elevation acute coronary
syndromes

Recommendations

Classa Levelb

Ref.c

I

B

119

It is recommended to continue
chronic beta-blocker therapy, unless
the patient is in Killip class III or higher.

I

B

126

Sublingual or i.v. nitrates are
recommended to relieve angina;d i.v.
treatment is recommended in patients
with recurrent angina, uncontrolled
hypertension or signs of heart failure.

I

C

In patients with suspected/confirmed
vasospastic angina, calcium channel
blockers and nitrates should be
considered and beta-blockers avoided.

IIa

B

127

i.v. ¼ intravenous.
a
Class of recommendation.
b
Level of evidence.
c
References supporting level of evidence.
d
Should not be administered in patients with recent intake of sildenafil or
vardenafil (,24 h) or tadalafil (,48 h).

5.2 Platelet inhibition
5.2.1 Aspirin
Aspirin (acetylsalicylic acid) irreversibly inactivates the cyclooxygenase (COX) activity of platelet prostaglandin endoperoxide (PGH)
synthase 1 (COX-1), thereby suppressing thromboxane A2 production throughout the platelet lifespan.128 Aspirin has been
shown to be effective in patients with unstable angina; the incidence
of MI or death was consistently reduced in four RCTs in the
pre-PCI era.129 – 132 A meta-analysis of these trials suggests that
aspirin administration (up to 2 years) is associated with a highly significant 46% odds reduction in major vascular events.133 The Clopidogrel and Aspirin Optimal Dose Usage to Reduce Recurrent
Events– Seventh Organization to Assess Strategies in Ischaemic Syndromes (CURRENT-OASIS 7), which enrolled 25 086 ACS (both
NSTE-ACS and STEMI) patients undergoing invasive strategy, found
no difference between higher-dose (300 –325 mg/day) and lowerdose (75 – 100 mg/day) aspirin.134 An oral loading dose (150 –
300 mg) of plain aspirin (non-enteric-coated formulation) is recommended, while the recommended intravenous (i.v.) dose is 150 mg.
No monitoring of its effects is required. The mechanisms of action
of antiplatelet and anticoagulant agents are described in Figure 4.
5.2.2 P2Y12 inhibitors
5.2.2.1 Clopidogrel
Clopidogrel (300–600 mg loading and 75 mg/day maintenance dose)
is an inactive prodrug that requires oxidation by the hepatic

5.2.2.2 Prasugrel
Prasugrel (60 mg loading and 10 mg/day maintenance dose) is a prodrug that irreversibly blocks platelet P2Y12 receptors with a faster
onset and a more profound inhibitory effect than clopidogrel
(Table 8). This compound has been tested against the 300 mg loading and 75 mg/day maintenance dose of clopidogrel in the TRial to
Assess Improvement in Therapeutic Outcomes by Optimizing
Platelet InhibitioN with Prasugrel – Thrombolysis In Myocardial
Infarction (TRITON-TIMI 38), in which ACS patients (STEMI and
NSTE-ACS) scheduled for PCI received the drugs during or after
the procedure.148 In the 10 074 NSTE-ACS patients included, recurrent CV events were reduced in prasugrel-treated patients at the
15-month follow-up [from 11.2% to 9.3%; relative risk (RR) 0.82
(95% CI 0.73, 0.93), P ¼ 0.002], driven by a significant reduction
in MI [from 9.2% to 7.1%; RRR 23.9% (95% CI 12.7, 33.7), P ,
0.001]. Severe bleeding complications were more common with
prasugrel [TIMI non-CABG major bleeds 2.4% vs. 1.8%; hazard ratio
(HR) 1.40 (95% CI 1.05, 1.88), P ¼ 0.02], due to an increase in spontaneous bleeds [1.6% vs. 1.1%; HR 1.51 (95% CI 1.09, 2.08), P ¼
0.01] and fatal bleeds [0.4% vs. 0.1%; HR 4.19 (95% CI 1.58,
11.11), P ¼ 0.002].149 Bleeding events were increased by more
than four-fold in prasugrel-treated patients referred for early
CABG. Based on the marked reduction in definite or probable stent
thrombosis observed in the TRITON-TIMI 38 overall [1.13% in the
prasugrel arm vs. 2.35% in the clopidogrel arm; HR 0.48 (95% CI
0.36, 0.64), P , 0.0001] and in patients with drug-eluting stents
(DESs) [0.84% vs. 2.31%, respectively; HR 0.36 (95% CI 0.22,
0.58), P , 0.0001], prasugrel should be considered in patients
who present with stent thrombosis despite compliance with clopidogrel therapy.150,151 Prasugrel is contraindicated in patients
with prior stroke/transient ischaemic attack (TIA) due to evidence
of net harm in this group in TRITON-TIMI 38. In addition, the
study showed no apparent benefit in patients .75 years of age
or with low bodyweight (,60 kg).148 The Targeted Platelet Inhibition to Clarify the Optimal Strategy to Medically Manage Acute
Coronary Syndromes (TRILOGY ACS) trial is discussed in section
5.6.4.1.1.
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Early initiation of beta-blocker
treatment is recommended in patients
with ongoing ischaemic symptoms and
without contraindications.

cytochrome P450 (CYP) system to generate an active metabolite (Table 8). An estimated 85% of the prodrug is hydrolysed by esterases
into an inactive form, leaving only 15% of clopidogrel available for
transformation to the active metabolite, which selectively and irreversibly inactivates platelet P2Y12 receptors and thus inhibits
ADP-induced platelet aggregation.135,136 Dual antiplatelet therapy
(DAPT) comprising aspirin and clopidogrel has been shown to reduce
recurrent ischaemic events in the NSTE-ACS setting compared with
aspirin alone.137,138 However, up to 10% of patients treated with the
combination of aspirin and clopidogrel will have a recurrent ischaemic
event in the first year after an ACS, with a rate of stent thrombosis of
up to 2%.139 This residual risk may be partly explained by suboptimal
platelet inhibition due to inadequate response to clopidogrel. Indeed,
pharmacodynamic and pharmacokinetic studies have described substantial interindividual variability in the antiplatelet response to this
drug and an increased risk of ischaemic and bleeding events in clopidogrel hypo- and hyper-responders, respectively.140 – 143 There is evidence that key gene polymorphisms are involved in both the
variability of active metabolite generation and clinical efficacy of clopidogrel.144 – 147
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ADP = adenosine diphosphate; AT = antithrombin; GP = glycoprotein; LMWH = low molecular weight heparin; Tx = thromboxane;
UFH = Unfractionated heparin. Vorapaxar is a protease-activated receptor 1 (PAR1) blocker.

Figure 4 Antithrombotic drugs for non-ST-elevation acute coronary syndromes. The figure depicts the targets of available antithrombotic
drugs that can be used to inhibit blood coagulation and platelet aggregation during and after thrombus formation.

5.2.2.3 Ticagrelor
Ticagrelor is an oral, reversibly binding P2Y12 inhibitor with a plasma
half-life of 6 – 12 h. Ticagrelor also inhibits adenosine reuptake via
equilabrative nucleoside transporter 1 (ENT1) (Table 8). Like prasugrel, ticagrelor has a more rapid and consistent onset of action compared with clopidogrel, as well as a faster offset of action with more
rapid recovery of platelet function.152 Ticagrelor increases levels of

drugs metabolized through CYP3A, such as simvastatin, while moderate CYP3A inhibitors, such as diltiazem, increase ticagrelor plasma
levels and might delay the offset of effect. In the PLATelet inhibition
and patient Outcomes (PLATO) trial, 18 624 patients with
moderate- to high-risk NSTE-ACS (planned for either conservative
or invasive management) or STEMI were randomized to either clopidogrel 75 mg/day, with a loading dose of 300 – 600 mg, or
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P2Y12 inhibitors

Chemical class
Administration

Clopidogrel

Prasugrel

Ticagrelor

Cangrelor

Thienopyridine

Thienopyridine

Cyclopentyl-triazolopyrimidine

Stabilized ATP analogue

Oral

Oral

Oral

Intravenous

300–600 mg orally
then 75 mg a day

60 mg orally then
10 mg a day

180 mg orally then
90 mg twice a day

30 µg/kg bolus and
4 µg/kg/min infusion

• Stage 3
(eGFR 30–59 mL/min/1.73m2)

No dose adjustment

No dose adjustment

No dose adjustment

No dose adjustment

• Stage 4
(eGFR 15–29 mL/min/1.73m2)

No dose adjustment

No dose adjustment

No dose adjustment

No dose adjustment

Use only for selected indications
(e.g. stent thrombosis prevention)

Not recommended

Not recommended

No dose adjustment

Dose
Dosing in CKD

• Stage 5
(eGFR <15 mL/min/1.73m2)
Binding reversibility
Activation
Onset of loading dose effect

a

Withdrawal before surgery
Plasma half-life of active P2Y12 inhibitor
Inhibition of adenosine reuptake

d

Irreversible

Reversible

Reversible

Prodrug, with predictable
liver metabolism

Active drug, with additional
active metabolite

Active drug

2–6 hoursb

30 minb

30 minb

2 min

3–10 days

7–10 days

3–5 days

1–2 hours

5 daysc

7 daysc

5 daysc

1 hour

e

30–60 min

30–60 min

6–12 hours

5–10 min

No

No

Yes

Yes (‘inactive’ metabolite only)

ADP ¼ adenosine diphosphate; ATP ¼ adenosine triphosphate; CKD ¼ chronic kidney disease; eGFR ¼ estimated glomerular filtration rate.
a
50% inhibition of ADP-induced platelet aggregation.
b
Onset of effect may be delayed if intestinal absorption is delayed (e.g. by opiate).
c
Shortening may be considered if indicated by platelet function tests and low bleeding risk.
d
Affecting the response to platelet transfusion.
e
The distribution phase half-life is reported since it most likely reflects duration of clinically-relevant plasma levels, while the corresponding elimination phase half-life is
approximately 7 hours.

ticagrelor 180 mg loading dose followed by 90 mg twice a day.153
Patients undergoing PCI were allowed to receive an additional
blinded 300 mg loading dose of clopidogrel (total loading dose
600 mg) or its placebo. Treatment was continued for up to 12
months, with a median duration of drug exposure of 9 months.153
In the NSTE-ACS subgroup (n ¼ 11 080), the primary composite efficacy endpoint (death from CV causes, MI or stroke) was significantly reduced with ticagrelor compared with clopidogrel [10.0%
vs. 12.3%; HR 0.83 (95% CI 0.74, 0.93), P ¼ 0.0013] with similar reductions for CV death [3.7% vs. 4.9%; HR 0.77 (95% CI 0.64, 0.93),
P ¼ 0.0070] and all-cause mortality [4.3% vs. 5.8%; HR 0.76 (95% CI
0.64, 0.90), P ¼ 0.0020].154 Differences in bleeding event rates were
also similar in the NSTE-ACS subgroup compared with the overall
study, with increased risk of non-CABG-related PLATO-defined
major bleeds with ticagrelor compared with clopidogrel [4.8% vs.
3.8%; HR 1.28 (95% CI 1.05, 1.56), P ¼ 0.0139] but no difference
in life-threatening or fatal bleeds.154 The benefits of ticagrelor compared with clopidogrel in NSTE-ACS were independent of whether
or not revascularization was performed in the first 10 days after randomization.154 The reduction in definite stent thrombosis with ticagrelor in the NSTE-ACS subgroup [1.1% vs. 1.4%; HR 0.71 (95% CI
0.43, 1.17] was consistent with that seen in the trial overall [1.4% vs.
1.9%; HR 0.67 (95% CI 0.50, 0.90), P ¼ 0.0091].155 In addition to increased rates of minor or non-CABG-related major bleeding events
with ticagrelor, adverse effects included dyspnoea (without
bronchospasm), increased frequency of asymptomatic ventricular
pauses and increases in uric acid.153,156

5.2.2.4 Cangrelor
Cangrelor is an i.v. adenosine triphosphate (ATP) analogue that binds
reversibly and with high affinity to the platelet P2Y12 receptor and has
a short plasma half-life (,10 min) (Table 8). It produces a highly effective inhibition of ADP-induced platelet aggregation immediately
after i.v. bolus administration and allows for restoration of platelet
function within 1–2 h of infusion discontinuation in NSTE-ACS patients.157 Cangrelor (30 mg/kg bolus and 4 mg/kg/min infusion) initiated at the commencement of PCI has been examined in three
clinical trials including a total of 24 910 patients: one with clopidogrel
(600 mg) given at the beginning of PCI [Cangrelor versus Standard
Therapy to Achieve Optimal Management of Platelet Inhibition
(CHAMPION)-PCI], one with clopidogrel (600 mg) initiated at the
end of PCI (CHAMPION-PLATFORM), and one with clopidogrel
(300 or 600 mg) initiated either before or after PCI based on local
clinical practice (CHAMPION-PHOENIX) among patients without
prior P2Y12 or GPIIb/IIIa inhibition.158 – 160 A meta-analysis of these
studies, in which 69% of patients were undergoing PCI for ACS, observed a 19% RRR in periprocedural death, MI, ischaemia-driven revascularization and stent thrombosis [cangrelor 3.8% vs. clopidogrel
4.7%; OR 0.81 (95% CI 0.71, 0.91), P ¼ 0.007], with a 39% RRR in
stent thrombosis alone [cangrelor 0.5% vs. clopidogrel 0.8%; OR
0.61 (95% CI 0.43, 0.80), P ¼ 0.008].161 The combination of TIMI major and minor bleeds was increased [cangrelor 0.9% vs. clopidogrel
0.6%; OR 1.38 (95% CI 1.03, 1.86), P ¼ 0.007], but there was no increase in the rate of transfusions. The European Commission issued
marketing authorization for this compound in March 2015.
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liver metabolism
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5.2.4 Monitoring of P2Y12 inhibitors (see Web addenda)
5.2.5 Premature discontinuation of oral antiplatelet
therapy
Withdrawal of oral antiplatelet therapy may lead to an increased risk
of recurrent events, particularly when the recommended course of
therapy has not yet been completed.176 – 178 Interruption of DAPT
soon after stent implantation increases the risk of stent thrombosis,
especially within the first month after cessation.178 While discontinuation of DAPT prior to cardiac surgery is discussed in section 5.6.6.1
Web addenda and 5.6.6.2, in the case of a non-cardiac surgical procedure that cannot be postponed, a minimum of 1 and 3 months DAPT
for bare-metal stents (BMSs) and new-generation DESs, respectively,
might be acceptable.179 In this setting, surgery should be performed in
hospitals having continuous catheterization laboratory availability, so
as to treat patients immediately in case of perioperative MI.179 If interruption of DAPT becomes mandatory because of urgent high-risk
surgery (e.g. neurosurgery) or in the case of a major bleed that cannot
be controlled by local treatment, no alternative therapy can be proposed as a substitute to DAPT to prevent stent thrombosis. Low molecular weight heparin (LMWH) has been advocated, but the proof of
efficacy for this indication is lacking.180 Whenever possible, aspirin
should be continued because early discontinuation of both antiplatelet drugs will further increase the risk of stent thrombosis.

In patients undergoing elective non-cardiac surgery, ticagrelor
and clopidogrel should be discontinued 5 days before surgery, while
the interval should be increased to 7 days in patients on prasugrel,
unless the patient is at high risk of stent thrombosis.179 In the latter
case, a multidisciplinary decision is required to determine the best
strategy. Longer discontinuation times (e.g. 7 days for ticagrelor
and 10 days for clopidogrel or prasugrel) may be appropriate for
surgery at extreme risk of bleeding (e.g. some types of neurosurgery). For NSTE-ACS patients, the risk of bleeds related to surgery
must be balanced against the risk of recurrent ischaemic events
related to discontinuation of therapy. The type of surgery, the ischaemic risk and extent of CAD, the time since the acute episode
and, for patients who have undergone PCI, the time since the procedure and the type of stent implanted are key elements of the discussion. Selected patients who require non-cardiac surgery after
recently implanted stents may benefit from bridging therapy with
small molecule GPIIb/IIIa inhibitors (i.e. tirofiban or eptifibatide)
after discontinuation of the P2Y12 inhibitor, while cangrelor has so
far been tested as bridging therapy to CABG.181,182 In patients on
DAPT following an episode of NSTE-ACS that was treated conservatively, the P2Y12 inhibitor may be discontinued. In surgical procedures with low to moderate bleeding risk, surgeons should be
encouraged to operate on patients on DAPT. Adherence to
DAPT should be improved through education of patients, relatives
and physicians in order to prevent avoidable CV events.
5.2.6 Duration of dual antiplatelet therapy
In patients with NSTE-ACS, DAPT with aspirin and clopidogrel has
been recommended for 1 year over aspirin alone, irrespective of revascularization strategy and stent type, according to the Clopidogrel
in Unstable Angina to Prevent Recurrent Events (CURE) study,
while the TRITON-TIMI 38 and PLATO studies have demonstrated
the superiority of a prasugrel- and ticagrelor-based regimen, respectively, over a clopidogrel-based one.138,148,153 A 1-year duration
of DAPT with clopidogrel was associated with a 26.9% RRR of
death, MI or stroke (8.6% vs. 11.8%; 95% CI 3.9, 44.4; P ¼ 0.02)
vs. 1-month DAPT in the Clopidogrel for the Reduction of Events
During Observation (CREDO) trial, which enrolled 2116 patients.183 The study population comprised patients with stable
CAD and low-risk NSTE-ACS undergoing PCI (each 50%), and no
interaction between ACS status and DAPT was observed.
Evidence to support the extension of DAPT after DES beyond
1 year in NSTE-ACS patients is limited (Table 9, see Web addenda).
Table 9 (see Web addenda) Main features of published
randomized studies investigating various durations of
dual antiplatelet therapy following percutaneous coronary
intervention (PCI)
The DAPT trial randomized patients who did not experience adverse events in the first year after PCI to an additional 18 months of
thienopyridine (clopidogrel/prasugrel) or placebo.184 Continued
treatment with thienopyridine, as compared with placebo, reduced
the rates of stent thrombosis [0.4% vs. 1.4%; HR 0.29 (95% CI 0.17,
0.48), P , 0.001] and major adverse cardiovascular and cerebrovascular events [4.3% vs. 5.9%; HR 0.71 (95% CI 0.59, 0.85), P , 0.001].
The rate of MI was lower with thienopyridine treatment than with
placebo (2.1% vs. 4.1%; HR 0.47, P , 0.001). The rate of death from
any cause was 2.0% in the group that continued thienopyridine
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5.2.3 Timing of P2Y12 inhibitor administration
Initiation of P2Y12 inhibitors soon after the diagnosis of NSTE-ACS
irrespective of management strategy has been recommended.162,163
This implies pretreatment, defined as P2Y12 inhibitor administration
before coronary angiography, in patients scheduled for an invasive
approach. Subsequently the results of the only RCT on P2Y12 inhibitor pretreatment in NSTE-ACS, the Comparison of Prasugrel at the
Time of Percutaneous Coronary Intervention or as Pretreatment at
the Time of Diagnosis in Patients with Non-ST Elevation Myocardial
Infarction (ACCOAST) trial, were published.164 The ACCOAST
study compared pretreatment with prasugrel 30 mg and a further
30 mg dose prior to PCI with a regimen of prasugrel 60 mg after
diagnostic angiography but prior to PCI among 4033 patients with
NSTEMI scheduled for early invasive strategy. The median duration
of pretreatment was 4.3 h. Sixty-nine per cent of the patients underwent PCI, 6% required surgical revascularization and the remainder
were treated conservatively.164 At 7 days, patients randomized to
the pretreatment arm experienced no reduction in the primary endpoint (i.e. CV death, recurrent MI, stroke, urgent revascularization
and bailout use of GPIIb/IIIa inhibitors) [HR 1.02 (95% CI 0.84,
1.25), P ¼ 0.81], and no benefits emerged at 30 days.164 TIMI major
bleeds were significantly increased in the pretreatment group at
7 days [pretreatment 2.6% vs. no pretreatment 1.4%; HR 1.90,
(95% CI 1.19, 3.02), P ¼ 0.006]. Arguments for and against pretreatment with P2Y12 inhibitors in NSTE-ACS patients have been discussed extensively and the topic remains controversial.165,166 As
the optimal timing of ticagrelor or clopidogrel administration in
NSTE-ACS patients scheduled for an invasive strategy has not been
adequately investigated, no recommendation for or against pretreatment with these agents can be formulated. Based on the ACCOAST
results, pretreatment with prasugrel is not recommended. In
NSTE-ACS patients planned for conservative management, P2Y12 inhibition (preferably with ticagrelor) is recommended, in the absence
of contraindications, as soon as the diagnosis is confirmed.
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5.2.7 Glycoprotein IIb/IIIa inhibitors
Intravenous GPIIb/IIIa inhibitors block platelet aggregation by
inhibiting fibrinogen binding to a conformationally activated
form of the GPIIb/IIIa receptor on two adjacent platelets.128 A
meta-analysis of six RCTs involving 29 570 NSTE-ACS patients,
mainly medically managed, showed a 9% RRR in death or non-fatal
MI with GPIIb/IIIa inhibitors (10.7% vs. 11.5%, P ¼ 0.02) when
added to heparin.196 The greatest benefit was observed in patients
undergoing PCI while on these agents [10.5% vs. 13.6%; OR 0.74
(95% CI 0.57, 0.96), P ¼ 0.02]. The use of GPIIb/IIIa inhibitors
was associated with an increase in major bleeding complications
without a significant increase in intracranial haemorrhage. Many
of these trials predated the routine use of P2Y12 inhibitors. While

the relative efficacy of prasugrel and ticagrelor in the trials appeared consistent among patients receiving and not receiving
GPIIb/IIIa inhibitors, the efficacy and safety of GPIIb/IIIa inhibitors
on top of these P2Y12 inhibitors have not been prospectively addressed.153,197 In patients treated with prasugrel or ticagrelor,
GPIIb/IIIa inhibitors should be limited to bailout situations or
thrombotic complications during PCI. Dosing in patients with
impaired renal function is reported in Table 10. Additional information on GPIIb/IIIa inhibitors may be found in sections 5.2.7.1 –
5.2.7.3, while GPIIb/IIIa inhibitor-related thrombocytopenia is
described in section 5.8.7.1 (all in the Web addenda).
5.2.7.1 Upstream versus procedural initiation (see Web addenda)
5.2.7.2 Combination with P2Y12 inhibitors (see Web addenda)
5.2.7.3 Adjunctive anticoagulant therapy (see Web addenda)
5.2.8 Vorapaxar (see Web addenda)
5.2.9 Recommendations for platelet inhibition in
non-ST-elevation acute coronary syndromes
Recommendations for platelet inhibition in non-STelevation acute coronary syndromes

Recommendations

Classa Levelb

Ref.c

Oral antiplatelet therapy
Aspirin is recommended for all
patients without contraindications at
an initial oral loading dosed of 150 –
300 mg (in aspirin-naive patients) and
a maintenance dose of 75 – 100 mg/
day long-term regardless of treatment
strategy.

I

A

129–
132

A P2Y12 inhibitor is recommended, in
addition to aspirin, for 12 months
unless there are contraindications such
as excessive risk of bleeds.

I

A

137,
148,
153

† Ticagrelor (180 mg loading dose,
90 mg twice daily) is recommended,
in the absence of contraindications,e
for all patients at moderate-to-high
risk of ischaemic events (e.g. elevated
cardiac troponins), regardless of
initial treatment strategy and
including those pretreated with
clopidogrel (which should be
discontinued when ticagrelor is
started).

I

B

153

† Prasugrel (60 mg loading dose,
10 mg daily dose) is recommended
in patients who are proceeding to
PCI if no contraindication.e

I

B

148,
164

† Clopidogrel (300–600 mg loading
dose, 75 mg daily dose) is
recommended for patients who
cannot receive ticagrelor or
prasugrel or who require oral
anticoagulation.

I

B

137

IIb

A

187–
189,
192

P2Y12 inhibitor administration for a
shorter duration of 3–6 months after
DES implantation may be considered in
patients deemed at high bleeding risk.
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therapy and 1.5% in the placebo group [HR 1.36 (95% CI 1.00, 1.85),
P ¼ 0.05]. The rate of moderate or severe bleeding was increased
with continued thienopyridine treatment [2.5% vs. 1.6%; HR 1.61
(95% CI 1.21, 2.16), P ¼ 0.001]. 184 A meta-analysis including
32 287 patients enrolled in 10 RCTs compared different DAPT
durations.185 Nearly 50% of the patients had stable CAD. Studies
were stratified according to the DAPT duration in the control group
in order to avoid having 12-month DAPT duration included in both
study arms. As a consequence, it allowed comparison of outcomes
of either short-term or extended (i.e. beyond 12 months) DAPT
duration vs. 12-month therapy. Compared with 12-month DAPT,
a shorter course of treatment was associated with a significant reduction in major bleeds [OR 0.58 (95% CI 0.36, 0.92), P ¼ 0.02],
while no statistically significant differences in ischaemic outcomes
or stent thrombosis risks were observed, although a small to moderate increase could not be excluded. Extended DAPT, compared
with 12-month treatment, yielded a significant reduction in MI
[OR 0.53 (95% CI 0.42, 0.66), P , 0.001] and stent thrombosis
[OR 0.33 (95% CI 0.21, 0.51), P , 0.001] while more major bleeds
occurred [OR 1.62 (95% CI 1.26, 2.09), P , 0.001]. In addition, allcause death was significantly increased in the extended DAPT group
[OR 1.30 (95% CI 1.02, 1.66), P ¼ 0.03] while CV death did not differ among the groups.185
The 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
(PEGASUS-TIMI 54) trial randomized 21 162 patients who had had
an MI 1–3 years earlier to ticagrelor at a dose of 90 mg twice daily,
ticagrelor at a dose of 60 mg twice daily or placebo.186 At a median
follow-up of 33 months, the study demonstrated a reduced rate of
CV death, MI or stroke with ticagrelor [HR 0.85 (95% CI 0.75,
0.96), P ¼ 0.008 and HR 0.84 (95% CI 0.74, 0.95), P ¼ 0.004 for
90 mg and 60 mg of ticagrelor vs. placebo, respectively) and increased
rates of major bleeding events (2.60% with 90 mg, 2.30% with 60 mg
and 1.06% with placebo, P , 0.001).186 All-cause mortality did not
differ between the groups. Of importance, most patients began treatment with ticagrelor after an interruption in DAPT and all had prior
MI (context of secondary prevention in high-risk patients), while
patients with a history of ischaemic stroke were excluded. In conclusion, while a 1-year duration of DAPT in NSTE-ACS patients is recommended, based on individual patient ischaemic and bleeding
risk profiles, DAPT duration may be shortened (i.e. 3 – 6 months)
or extended (i.e. up to 30 months) in selected patients if required.
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It is not recommended to administer
prasugrel in patients in whom coronary
anatomy is not known.

III

B

164

Intravenous antiplatelet therapy

Drug

GPIIb/IIIa inhibitors during PCI should
be considered for bailout situations or
thrombotic complications.

IIa

C

Cangrelor may be considered in P2Y12
inhibitor–naive patients undergoing PCI.

IIb

A

It is not recommended to administer
GPIIb/IIIa inhibitors in patients in whom
coronary anatomy is not known.

III

A

158–
161
198,
199

Long-term P2Y12 inhibition

IIb

A

184,
186

Recommendations
Stage 3 CKD
Normal renal
(eGFR
function or stage
30–59 mL/
1–2 CKD
min/1.73m2)
(eGFR
≥60 mL/
min/1.73m 2)

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

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

Bolus
180 µg/kg i.v.,
infusion
2 µg/kg/min

No adjustment
of bolus, reduce
infusion rate to
1 µg/kg/min if
eGFR
<50 mL/min/1.73m2

Not
recommended

Not
recommended

Bolus 25 µg/kg
or 10 µg/kg i.v,
infusion
0.15 µg/kg/min

No dose
adjustment

No adjustment
of bolus, reduce
infusion to
0.05 µg/kg/min

Not
recommended

Bolus
0.25 mg/kg i.v.,
infusion
0.125 µg/kg/min
(max.10 µg/min)

or for dose adjustment in the case of renal failure.
Careful evaluation of haemorrhagic risk is needed.

General recommendations
CKD ¼ chronic kidney disease; eGFR ¼ estimated glomerular filtration rate; i.v. ¼
intravenous; kg ¼ kilograms bodyweight.
Recommendations for the use of drugs listed in this table may vary depending on
the exact labeling of each drug in the country where it is used.

A proton pump inhibitor in
combination with DAPT is
recommended in patients at higher
than average risk of gastrointestinal
bleeds (i.e. history of gastrointestinal
ulcer/haemorrhage, anticoagulant
therapy, chronic NSAID/
corticosteroid use or two or more of
the following: age ≥65 years,
dyspepsia, gastro-oesophageal reflux
disease, Helicobacter pylori infection,
chronic alcohol use).

I

In patients on P2Y12 inhibitors who
need to undergo non-emergency
major non-cardiac surgery,f
postponing surgery for at least 5 days
after cessation of ticagrelor or
clopidogrel, and for 7 days for
prasugrel, should be considered if
clinically feasible and unless the patient
is at high risk of ischaemic events.

IIa

In case of a non-cardiac surgical
procedure that cannot be postponed
or of a bleeding complication,
discontinuation of the P2Y12 inhibitor
may be considered after a minimum of 1
and 3 months from PCI with BMS and
new-generation DES, respectively.

IIb

B

208,
209

C

C

BMS ¼ bare-metal stent; CABG ¼ coronary artery bypass graft; DAPT ¼ dual
(oral) antiplatelet therapy; DES ¼ drug-eluting stent; GPIIb/IIIa ¼ glycoprotein IIb/
IIIa; NSAID ¼ non-steroidal anti-inflammatory drug; NSTE-ACS ¼ non-STelevation acute coronary syndromes; PCI ¼ percutaneous coronary intervention.
a
Class of recommendation.
b
Level of evidence.
c
References supporting level of evidence.
d
Non-enteric coated formulation; 75–150 mg intravenously if oral ingestion is not
possible.
e
Contraindications for ticagrelor: previous intracranial haemorrhage or ongoing
bleeds. Contraindications for prasugrel: previous intracranial haemorrhage, previous
ischaemic stroke or transient ischaemic attack or ongoing bleeds; prasugrel is
generally not recommended for patients ≥75 years of age or with a bodyweight
,60 kg.
f
Recommendations for cardiac surgery are listed in section 5.6.6.2.

5.3 Anticoagulation
5.3.1 Anticoagulation during the acute phase
Anticoagulants are used to inhibit thrombin generation and/or activity, thereby reducing thrombus-related events. There is evidence
that anticoagulation is effective in reducing ischaemic events in
NSTE-ACS and that the combination with platelet inhibitors is
more effective than either treatment alone.210 Several anticoagulants, acting at different levels of the coagulation cascade, have
been approved or are under investigation for this indication
(Figure 4). Anticoagulant doses in patients with impaired renal function are reported in Table 11.
5.3.1.1 Unfractionated heparin
UFH has a pharmacokinetic profile with large interindividual variability and a narrow therapeutic window. Weight-adjusted i.v. administration with an initial bolus of 60–70 IU/kg up to a maximum of 5000 IU,
followed by an infusion of 12 – 15 IU/kg/h up to a maximum of
1000 IU/h, is recommended. Anticoagulation level is usually monitored in the cardiac catheterization laboratory with activated clotting
time (ACT) and elsewhere with the activated partial thromboplastin
time (aPTT; therapeutic window is 50–75 s, corresponding to 1.5–
2.5 times the upper limit of normal). UFH remains a widely used anticoagulant in NSTE-ACS in the context of short delays to coronary
angiography and short hospital stays despite consistent evidence for
greater bleeding risk compared with other strategies.211 In the PCI
setting, UFH is given as an i.v. bolus either under ACT guidance (in
the range of 250–350 s, or 200–250 s if a GPIIb/IIIa inhibitor is given)
or in a weight-adjusted manner (usually 70–100 IU/kg, or 50–70 IU/
kg in combination with a GPIIb/IIIa inhibitor).212,213 UFH should be
stopped after PCI unless there is an established indication related
to the procedure or to the patient’s condition. For heparin-induced
thrombocytopenia (HIT) in section 5.8.7.2.

Downloaded from http://eurheartj.oxfordjournals.org/ by guest on December 9, 2015

P2Y12 inhibitor administration
in addition to aspirin beyond 1 year
may be considered after careful
assessment of the ischaemic and
bleeding risks of the patient.

Table 10 Dosing of glycoprotein IIb/IIIa inhibitors in
patients with normal and impaired renal function
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Table 11 Dosing of anticoagulants in patients with
normal and impaired renal function
Drug

Recommendations
Normal renal function
Stage 4 CKD (eGFR Stage 5 CKD (eGFR
or stage 1–3 CKD
15–29 mL/min/1.73m2) <15 mL/min/1.73m2)
2
(eGFR ≥30 mL/min/1.73m )

Unfractionated
heparin

• Prior to coronary
angiography: 60–70 IU/kg
i.v. (max 5000 IU) and
infusion (12–15 IU/kg/h)
(max 1000 IU/h), target
aPTT 1.5–2.5x control
• During PCI: 70-100 IU/kg i.v.
(50–70 IU/kg if
concomitant with GPIIb/IIIa
inhibitors)

No dose
adjustment

No dose
adjustment

1 mg/kg s.c. twice a day

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

Fondaparinux

2.5 mg s.c. once a day

Not recommended if
eGFR
<20 mL/min/1.73m2

Bivalirudin

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

On dialysis, no
No adjustment of
adjustment of bolus,
bolus, reduce infusion
reduce infusion rate
rate to 1 mg/kg/h
to 0.25 mg/kg/h

Not recommended

aPTT ¼ activation partial thromboplastin time; CKD ¼ chronic kidney disease;
eGFR ¼ estimated glomerular filtration rate; IU ¼ international units; i.v. ¼
intravenous; kg ¼ kilograms bodyweight; s.c. ¼ subcutaneous.
Recommendations for the use of drugs listed in this table may vary depending on
the exact labeling of each drug in the country where it is used.

5.3.1.2 Low molecular weight heparin
LMWH has a more predictable dose–effect relationship than UFH
and causes HIT less frequently. The most widely used agent in
NSTE-ACS is enoxaparin, 1 mg/kg administered subcutaneously
twice daily, while the dose is reduced to 1 mg/kg once a day if
eGFR , 30 mL/min/1.73m2. LMWH should not be administered
in patients with eGFR , 15 mL/min/1.73m2. Monitoring of anti-Xa
activity is not necessary except in patients in whom the eGFR is
15 – 30 mL/min/1.73m2 or bodyweight is .100 kg. In NSTE-ACS
patients pretreated with enoxaparin, no additional enoxaparin is recommended during PCI if the last subcutaneous (s.c.) enoxaparin injection was administered ,8 h before PCI, whereas an additional
0.3 mg/kg i.v. bolus is recommended if the last s.c. enoxaparin injection was administered ≥8 h before PCI.214,215 Crossing over to another anticoagulant during PCI is strongly discouraged. 216 A
meta-analysis of all trials testing enoxaparin vs. UFH in ACS showed
a marginally significant reduction in the combined endpoint of death
or MI at 30 days in favour of enoxaparin [10.0% vs. 11.0%; OR 0.90
(95% CI 0.81, 0.996), P ¼ 0.043] but no statistically significant differences in major bleeds [6.3% with enoxaparin vs. 5.4% with UFH; OR
1.13 (95% CI 0.84, 1.54)] at 7 days.217 A meta-analysis including
23 trials and 30 966 patients documented the favourable safety
and efficacy profile of enoxaparin compared with UFH during PCI,
with significant reductions in death [RR 0.66 (95% CI 0.57, 0.76), P ,
0.001], the composite of death or MI [RR 0.68 (95% CI 0.57, 0.81),
P , 0.001], complications of MI [RR 0.75 (95% CI 0.6, 0.85), P ,
0.001] and major bleeds [RR 0.80 (95% CI 0.68, 0.95), P ¼ 0.009].211
5.3.1.3 Fondaparinux
The parenteral selective factor Xa inhibitor fondaparinux is a synthetic pentasaccharide that binds reversibly and non-covalently to

5.3.1.4 Bivalirudin
Bivalirudin binds directly to thrombin and thereby inhibits the
thrombin-induced conversion of fibrinogen to fibrin. It inactivates
fibrin-bound as well as fluid-phase thrombin (Figure 4). As the
drug does not bind to plasma proteins, its anticoagulant effect is
more predictable than that of UFH. Bivalirudin is eliminated by
the kidney and has a half-life of 25 min after cessation of the infusion.
The anticoagulant activity of bivalirudin correlates well with aPTT
and ACT values. In NSTE-ACS patients, a bivalirudin dose of
0.1 mg/kg i.v. bolus followed by an infusion of 0.25 mg/kg/h was
tested in the ACUITY trial in 13 819 moderate- to high-risk
NSTE-ACS patients planned for an invasive strategy.205 In patients
undergoing PCI, an additional i.v. bolus of 0.5 mg/kg bivalirudin
was added before the procedure and the infusion dose was increased to 1.75 mg/kg/h before PCI and stopped at the end of the
procedure. Patients were randomized to one of three unblinded
treatments: UFH or LMWH plus GPIIb/IIIa inhibitor, bivalirudin
plus GPIIb/IIIa inhibitor or bivalirudin with bailout use of GPIIb/IIIa
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Enoxaparin

antithrombin with high affinity, thereby preventing thrombin generation (Figure 4). The compound has 100% bioavailability after s.c. injection, with an elimination half-life of 17 h, allowing once-daily dosing.
No monitoring of anti-Xa activity and no dose adjustments are required and the compound does not induce HIT. In NSTE-ACS, the
recommended dose is 2.5 mg/day. Due to its renal elimination, fondaparinux is contraindicated if eGFR is ,20 mL/min/1.73m2. In the fifth
Organization to Assess Strategies in Acute Ischaemic Syndromes
(OASIS-5) study, which enrolled 20 078 patients with NSTE-ACS,
fondaparinux 2.5 mg s.c. once daily was non-inferior to enoxaparin
with respect to ischaemic events [death, MI or refractory ischaemia
at 9 days; HR 1.01 (95% CI 0.90, 1.13), P ¼ 0.007], but halved inhospital major bleeds [HR 0.52 (95% CI 0.44, 0.61), P , 0.001] and
significantly reduced mortality at 30 days [2.9% vs. 3.5%; HR 0.83
(95% CI 0.71, 0.97), P , 0.02] and 6 months [5.8% vs. 6.5%; HR
0.89 (95% CI 0.80, 1.00), P , 0.05].218 In the subgroup of patients
who underwent PCI (n ¼ 6239), a significantly lower rate of major
bleeding complications (including access site complications) was observed at 9 days in the fondaparinux group vs. enoxaparin [2.3% vs.
5.1%; HR 0.45 (95% CI 0.34, 0.59), P , 0.001].203 The rate of major
bleeds was not influenced by the timing of the intervention after injection of the last dose of fondaparinux (1.6% vs. 1.3% for ,6 h vs.
.6 h, respectively). Catheter thrombus was observed more frequently with fondaparinux (0.9%) than with enoxaparin (0.4%), but
this complication was abolished by injection of an empirically determined bolus of UFH at the time of PCI. Subsequent studies have
shown that a standard UFH bolus is recommended at the time of
PCI in patients pretreated with fondaparinux.219 An analysis exploring
the uptake of fondaparinux compared with LMWH among 40 616
NSTEMI patients from a large-scale Scandinavian registry described
a reduction in in-hospital mortality [OR 0.75 (95% CI 0.63, 0.89)]
and in bleeding events [OR 0.54 (95% CI 0.42, 0.70)] associated
with the use of fondaparinux, but the advantage disappeared at 30
days and 6 months, respectively.220 Overall, fondaparinux is considered to be the parenteral anticoagulant with the most favourable efficacy – safety profile and is recommended regardless of the
management strategy, unless the patient is scheduled for immediate
coronary angiography.
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5.3.2 Anticoagulation following the acute phase
Two phase III trials have compared non-vitamin K antagonist (VKA)
oral anticoagulants (NOACs) (for mode of action, see Figure 4) to
placebo in patients with recent ACS treated with aspirin and clopidogrel who did not have atrial fibrillation or other indications for
oral anticoagulation (OAC). The Apixaban for Prevention of Acute
Ischaemic Events (APPRAISE) 2 study assessed the effects of the oral
factor Xa inhibitor apixaban 5 mg twice daily compared with placebo, in addition to standard-of-care antiplatelet therapy following
ACS; it was terminated early (median 8 months) due to a markedly
increased risk of severe bleeds, including intracranial haemorrhage,
without any apparent benefit in terms of ischaemic events.225 The
study Anti-Xa Therapy to Lower Cardiovascular Events in Addition
to Aspirin with or without Thienopyridine Therapy in Subjects with
Acute Coronary Syndrome–Thrombolysis in Myocardial Infarction
(ATLAS ACS 2-TIMI 51) has led to the European Medicines
Agency’s (EMA’s) approval of rivaroxaban (2.5 mg twice daily) for
NSTEMI and STEMI patients after the acute phase.226 The trial compared rivaroxaban 2.5 mg or 5 mg twice daily (unlike the 20 mg
once-daily dose for atrial fibrillation) with placebo in 15 526 patients
following ACS; 50% had NSTE-ACS and 93% received clopidogrel in
addition to aspirin at randomization. Patients with prior ischaemic
stroke/TIA were excluded. At a mean follow-up of 13 months, the
primary efficacy endpoint of CV death, MI or stroke was 10.7% with
placebo, 9.1% with rivaroxaban 2.5 mg [HR 0.84 (95% CI 0.72, 0.97),
P ¼ 0.02] and 8.8% with rivaroxaban 5 mg [HR 0.85 (95% CI 0.73,
0.98), P ¼ 0.03], with no interaction by ACS subtype. Rates of definite, probable or possible stent thrombosis were 2.2% and 2.3%
with 2.5 and 5 mg rivaroxaban, respectively, vs. 2.9% with placebo
(P ¼ 0.02 and P ¼ 0.04, respectively). Rates of CV death were significantly lower with rivaroxaban 2.5 mg compared with placebo [2.7%
vs. 4.1%; HR 0.66 (95% CI 0.51, 0.86), P ¼ 0.002] but not with

rivaroxaban 5 mg (4.0%). Non-CABG major bleeds occurred in
1.8% and 2.4% with 2.5 and 5 mg rivaroxaban, respectively, compared
with 0.6% with placebo [HR 3.46 for rivaroxaban 2.5 mg (95% CI 2.08,
5.77), P , 0.001; HR 4.47 for rivaroxaban 5 mg (95% CI 2.71, 7.36),
P , 0.001]. Intracranial haemorrhage rates were 0.4% with 2.5 mg
and 0.7% with 5 mg rivaroxaban vs. 0.2% with placebo [HR 2.83
(95% CI 1.02, 7.86), P ¼ 0.04 for 2.5 mg; HR 3.74 (95% CI 1.39,
10.07), P ¼ 0.005 for 5 mg].226 The use of rivaroxaban 2.5 mg twice
daily, while not recommended in patients treated with ticagrelor or
prasugrel, might be considered in combination with aspirin and clopidogrel if ticagrelor and prasugrel are not available for NSTEMI patients
who have high ischaemic and low bleeding risks. It is contraindicated in
patients with a prior history of ischaemic stroke/TIA and its use is cautioned in patients .75 years of age or ,60 kg bodyweight.

5.3.3 Recommendations for anticoagulation in
non-ST-elevation acute coronary syndromes
Recommendations for anticoagulation in non-STelevation acute coronary syndromes

Recommendations

Classa Levelb

Ref.c

Parenteral anticoagulation is
recommended at the time of diagnosis
according to both ischaemic and
bleeding risks.

I

B

227

Fondaparinux (2.5 mg s.c. daily) is
recommended as having the most
favourable efficacy–safety profile
regardless of the management
strategy.

I

B

218,
228,
229

Bivalirudin (0.75 mg/kg i.v. bolus,
followed by 1.75 mg/kg/h for up to 4 h
after the procedure) is recommended
as an alternative to UFH plus GPIIb/IIIa
inhibitors during PCI.

I

A

205,
222,
223

UFH 70–100 IU/kg i.v. (50–70 IU/kg if
concomitant with GPIIb/IIIa inhibitors)
is recommended in patients
undergoing PCI who did not receive
any anticoagulant.

I

B

219,
229

In patients on fondaparinux (2.5 mg
s.c. daily) undergoing PCI, a single i.v.
bolus of UFH (70– 85 IU/kg, or 50–
60 IU/kg in the case of concomitant
use of GPIIb/IIIa inhibitors) is
recommended during the procedure.

I

B

219

Enoxaparin (1 mg/kg s.c. twice daily)
or UFH are recommended when
fondaparinux is not available.

I

B

218,
230

Enoxaparin should be considered as an
anticoagulant for PCI in patients
pretreated with s.c. enoxaparin.

IIa

B

211

Additional ACT-guided i.v. boluses of
UFH during PCI may be considered
following initial UFH treatment.

IIb

B

231

Discontinuation of anticoagulation
should be considered after PCI, unless
otherwise indicated.

IIa

C
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inhibitor. There was no significant difference between UFH/LMWH
plus GPIIb/IIIa inhibitor vs. bivalirudin plus GPIIb/IIIa inhibitor for the
composite ischaemia endpoint at 30 days [death, MI or unplanned revascularization for ischaemia 7.3% vs. 7.7%, respectively; RR 1.07
(95% CI 0.92, 1.23), P ¼ 0.39] or for major bleeds [5.7% vs. 5.3%;
RR 0.93 (95% CI 0.78, 1.10), P ¼ 0.38]. Bivalirudin with bailout use
of GPIIb/IIIa inhibitor was non-inferior to UFH/LMWH combined
with a GPIIb/IIIa inhibitor with respect to the composite ischaemia
endpoint [7.8% vs. 7.3%; RR 1.08 (95% CI 0.93, 1.24), P ¼ 0.32],
but with a significantly lower rate of major bleeds [3.0% vs. 5.7%;
RR 0.53 (95% CI 0.43, 0.65), P , 0.001]. In patients not pretreated
with clopidogrel prior to PCI, a significant excess in ischaemic events
was observed in bivalirudin-treated patients vs. those receiving UFH/
LMWH plus GPIIb/IIIa inhibitor [9.1% vs. 7.1%; RR 1.29 (95% CI 1.03,
1.63)].221,222 Comparable findings were observed in a trial with a similar design, the Intracoronary Stenting and Anti-thrombotic Regimen–
Rapid Early Action for Coronary Treatment (ISAR-REACT) 4
study.223 The ISAR-REACT 3 study, the only head-to-head comparison between bivalirudin and UFH alone (140 IU/kg) published so far,
was performed in 4570 stable CAD patients as well as biomarkernegative NSTE-ACS patients undergoing PCI; the study found comparable rates of death, MI and urgent revascularization at 30 days
[5.9% in the bivalirudin arm vs. 5.0% in the UFH arm; OR 1.16
(95% CI 0.91, 1.49), P ¼ 0.23] but a reduction in bleeding events
[3.1% vs. 4.6%; OR 0.66 (95% CI 0.49, 0.90), P ¼ 0.008].224
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Crossover between UFH and LMWH
is not recommended.
In NSTEMI patients with no prior
stroke/TIA and at high ischaemic risk
as well as low bleeding risk receiving
aspirin and clopidogrel, low-dose
rivaroxaban (2.5 mg twice daily for
approximately 1 year) may be
considered after discontinuation of
parenteral anticoagulation.

ESC Guidelines

III

B

216

Table 12 Suggested strategies to reduce bleeding risk
related to PCI
• Anticoagulant doses adjusted to bodyweight and renal function, especially in women and
elderly patients.

IIb

B

226

ACT ¼ activated clotting time; GPIIb/IIIa ¼ glycoprotein IIb/IIIa; i.v. ¼
intravenous; LMWH ¼ low molecular weight heparin; NSTEMI ¼ non-STelevation myocardial infarction; PCI ¼ percutaneous coronary intervention;
s.c. ¼ subcutaneous; TIA ¼ transient ischaemic attack; UFH ¼ unfractionated
heparin.
a
Class of recommendation.
b
Level of evidence.
c
References supporting level of evidence.

5.4.1 Patients undergoing percutaneous coronary
intervention
Approximately 6 – 8% of patients undergoing PCI have an indication for long-term OAC with VKA or NOACs due to various conditions such as atrial fibrillation, mechanical heart valves or venous
thromboembolism. In the periprocedural phase it should be considered to perform coronary angiography on OAC, because interruption of OAC and bridging with parenteral anticoagulants may
lead to an increase in both thromboembolic episodes and
bleeds.232 – 234 The safety of PCI on NOACs without additional
parenteral anticoagulation is unknown, while no parenteral anticoagulation is needed if the international normalized ratio (INR) is
.2.5 in VKA-treated patients. 235 – 237 Strategies to minimise
PCI-related complications in patients on oral anticoagulants are
listed in Table 12.
With respect to long-term antithrombotic treatment after PCI,
a cohort study including 82 854 patients with atrial fibrillation
showed that long-term exposure of patients to triple therapy, defined as the combination of aspirin, clopidogrel and OAC, was associated with an increased risk of 1-year major [14.3% vs. 6.9%; HR
2.08 (95% CI 1.64, 2.65)] and fatal bleeds [0.9% vs. 0.3%; HR 4.8
(95% CI 1.62, 14.02)] as compared with DAPT.238 In the setting
of NSTE-ACS, evidence to guide the management of patients
undergoing PCI and requiring long-term OAC is limited. 234,239
The indication for OAC should be reassessed and treatment continued only if a compelling indication exists {e.g. paroxysmal, persistent or permanent atrial fibrillation with a CHA 2 DS 2 -VASc
[Cardiac failure, Hypertension, Age ≥ 75 (2 points), Diabetes,
Stroke (2 points) – Vascular disease, Age 65 – 74, Sex category]
score ≥2; mechanical heart valve; recent or a history of recurrent
deep venous thrombosis or pulmonary embolism}. Duration of triple therapy should be as limited as possible, depending on the clinical setting as well as the thromboembolic (CHA2DS2-VASc score)
and bleeding {e.g. based on the HAS-BLED [hypertension,

• Proton pump inhibitors in patients on DAPT at higher than average risk of gastrointestinal
bleeds (i.e. history of gastrointestinal ulcer/haemorrhage, anticoagulant therapy,
chronic NSAIDs/corticosteroid use, or two or more among age ≥65 years, dyspepsia,
gastr
Helicobacter pylori infection, and chronic alcohol use).
• In patients on OAC
o PCI performed without interruption of VKAs or NOACs.
o In patients on VKAs, do not administer UFH if INR value >2.5.
o In patients on NOACs, regardless of the timing of the last administration of NOACs,
add additional low-dose parenteral anticoagulation (e.g. enoxaparin 0.5 mg/kg i.v.
or UFH 60 IU/kg).
o Aspirin indicated but avoid pretreatment with P2Y12 inhibitors.
o GPIIb/IIIa inhibitors only for bailout of periprocedural complications.

DAPT ¼ dual (oral) antiplatelet therapy; GPIIb/IIIa ¼ glycoprotein IIb/IIIa; INR ¼
international normalised ratio; NOACs ¼ non-vitamin K antagonist oral
anticoagulants; NSAIDs ¼ non-steroidal anti-inflammatory drugs; OACs ¼ oral
anticoagulants; PCI ¼ percutaneous coronary intervention; UFH ¼ unfractionated
heparin; VKAs ¼ vitamin K antagonists.

abnormal renal and liver function (1 point each), stroke, bleeding
history or predisposition, labile INR, elderly (.65 years), drugs
and alcohol (1 point each)] score} risks (Figure 5).234 In the absence
of safety and efficacy data, the use of prasugrel or ticagrelor as
part of triple therapy should be avoided. Gastric protection with
a proton pump inhibitor is recommended. The dose intensity
of OAC should be carefully monitored with a target INR of
2.0 – 2.5 in patients treated with VKA (with the exception of
individuals with mechanical prosthetic valves in the mitral position); in patients treated with NOACs, the lowest tested dose
for stroke prevention should be applied (i.e. dabigatran 110 mg
twice a day, rivaroxaban 15 mg once a day, apixaban 2.5 mg twice
a day).
The choice of stent type (newer-generation DES vs. BMS) in patients requiring long-term anticoagulation is controversial in the setting of NSTE-ACS. In the absence of conclusive data, the decision
for the individual patient should also take into account the estimated
probability of subsequent target vessel revascularization (TVR) due
to restenosis. Although in stable CAD patients DAPT is recommended for at least 1 month after BMS and for 6 months after
DES, the risk of stent thrombosis (and other ischaemic complications) during the period beyond 1 month and long-term appears
similar with both stent types.240 – 242 Data from the DAPT trial indicate a similar impact of prolonged DAPT administration irrespective
of stent type (BMS vs. DES).243 In addition, analyses on the risk of
adverse events among patients with DAPT cessation and patients
undergoing non-cardiac surgery indicate no differences between
BMS and DES.177,244 Until data from RCTs become available, newgeneration DESs are recommended over BMSs in patients requiring
OAC at low bleeding risk (HAS-BLED ≤2). For patients at high
bleeding risk (HAS-BLED ≥3) undergoing PCI who require OAC,
the choice between a BMS and a new-generation DES needs to
be individualised.
In the Zotarolimus-eluting Endeavor Sprint Stent in Uncertain
DES Candidates (ZEUS) trial, 1606 patients at either high bleeding
risk (52%), high thrombotic risk (17%) or low restenosis risk (31%)
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5.4 Managing oral antiplatelet agents in
patients requiring long-term oral
anticoagulants

• Radial approach preferred.
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NSTE-ACS patients with non-valvular atrial fibrillation

PCI

Management strategy

Bleeding risk

Low to intermediate
(e.g. HAS-BLED = 0–2)

High
(e.g. HAS-BLED ≥3)

Triple
therapy

Triple or dual
therapy a
O A C

0

4 weeks
O A C
6 months
Dual
therapy b
O C or A

Dual
therapy b

O C or A

Dual
therapy b

O C or A

12 months

Lifelong

O Monotherapy c

O Oral anticoagulation

A Aspirin 75–100 mg daily

C Clopidogrel 75 mg daily

(VKA or NOACs)
ACS = acute coronary syndrome; CABG = coronary artery bypass graft; CHA2DS2-VASc = Cardiac failure, Hypertension, Age ≥75 [2 points], Diabetes, Stroke [2 points] –
Vascular disease, Age 65–74, Sex category; DAPT = dual antiplatelet therapy; NOACs = non-vitamin K antagonist oral anticoagulants; NSTE-ACS = non-ST-elevation acute
coronary syndrome; PCI = percutaneous coronary intervention;VKAs = vitamin K antagonists. Adapted from Lip et al.234
a
Dual therapy with oral anticoagulation and clopidogrel may be considered in selected patients (low ischaemic risk).
b
aspirin as an alternative to clopidogrel may be considered in patients on dual therapy (i.e., oral anticoagulation plus single antiplatelet); triple therapy may be considered up to 12
months in patients at very high risk for ischaemic events.
c
Dual therapy with oral anticoagulation and an antiplatelet agent (aspirin or clopidogrel) beyond one year may be considered in patients at very high risk of coronary events.
In patients undergoing coronary stenting, dual antiplatelet therapy may be an alternative to triple or a combination of anticoagulants and single antiplatelet therapy if the
CHA2DS2-VASc score is 1 (males) or 2 (females).

Figure 5 Antithrombotic strategies in patients with non-ST-elevation acute coronary syndromes (NSTE-ACS) and non-valvular atrial
fibrillation.

were randomized to implantation with either the zotarolimuseluting stent (n ¼ 802; Medtronic Vascular, Santa Rosa, CA, USA)
or a BMS (n ¼ 804).245 Overall, 4.6% of the population never received DAPT, 43.6% and 62.5% discontinued it at 1 and 2 months,
respectively, with 24.7% remaining on DAPT beyond 6 months.
At 1 year, major adverse cardiovascular events (MACEs) were lower for those implanted with a zotarolimus-eluting stent compared
with a BMS [17.5% vs. 22.1%; HR 0.76 (95% CI 0.61, 0.95), P ¼
0.011], driven by reductions in TVR [5.9% vs. 10.7%; HR 0.53
(95% CI 0.37, 0.75), P ¼ 0.001], MI [2.9% vs. 8.1%; HR 0.35 (95%
CI 0.22, 0.56), P , 0.001] and definite/probable stent thrombosis
[2.0% vs. 4.1%; HR 0.48 (95% CI 0.27, 0.88), P ¼ 0.019]. The benefit
of the zotarolimus-eluting stent over the BMS remained consistent

across all prespecified subgroups and, in particular, in patients at
high bleeding risk. While there were no significant differences in
any bleeding events between treatment groups, the limited size of
the trial does not allow potential differences in major bleeds to
be reliably detected. As an additional limitation, the zotarolimuseluting stent is no longer marketed in Europe. This study suggests
that a newer-generation DES may be preferred in patients who cannot tolerate long-term exposure to DAPT, such as those needing
chronic OAC.
Omission of aspirin while maintaining clopidogrel has been evaluated in the What is the Optimal antiplatElet and anticoagulant therapy in patients with OAC and coronary StenTing (WOEST) trial,
which randomized 573 patients to dual therapy with OAC and
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5.4.2 Patients medically managed or requiring coronary
artery bypass surgery
With respect to NSTE-ACS patients who are medically managed,
in an analysis of the nationwide Danish registry, 90-day bleeding
risk was increased on triple therapy compared with OAC plus a
single antiplatelet agent [HR 1.47 (95% CI 1.04, 2.08)], with a nonsignificant increase at 360 days [HR 1.36 (95% CI 0.95, 1.95)], without differences in ischaemic events [HR 1.15 (95% CI 0.95,
1.40)].248 The same registry suggests that warfarin plus clopidogrel
resulted in a non-significant reduction in major bleeds [HR 0.78
(95% CI 0.55, 1.12)] compared with triple therapy, with a nonsignificant reduction in MI or coronary death [HR 0.69 (95% CI
0.55, 1.12)].249
Coronary surgery in fully anticoagulated patients is associated with
an increased bleeding risk, thus interruption of VKA prior to CABG is

recommended in non-emergent cases. In emergency surgery, a combination of prothrombin complex concentrate of four inactivated factors (25 IU/kg) and oral vitamin K is required to obtain fast and
sustained restoration of haemostasis at the time of surgery.180 While
experience with urgent major surgery in patients treated with
NOACs is limited, it has been suggested to use prothrombin complex
concentrate of activated factors to restore haemostasis.250 In the setting of planned CABG, a 48 h interruption of NOACs is recommended. In ACS patients with an established indication for OAC,
the antiplatelet agent (commonly aspirin) and then anticoagulation
should be resumed after CABG as soon as the bleeding is controlled,
while triple therapy should be avoided. For antithrombotic therapy
and CABG see section 5.6.6.1 and 5.6.6.2).
5.4.3 Recommendations for combining antiplatelet
agents and anticoagulants in non-ST-elevation acute
coronary syndrome patients requiring chronic oral
anticoagulation
Recommendations for combining antiplatelet agents
and anticoagulants in non-ST-elevation acute coronary
syndrome patients requiring chronic oral
anticoagulation

Recommendations

Classa Levelb

In patients with a firm indication for
OAC (e.g. atrial fibrillation with a
CHA2DS2-VASc score ≥2, recent
venous thromboembolism, LV
thrombus or mechanical valve
prosthesis), OAC is recommended in
addition to antiplatelet therapy.

I

C

An early invasive coronary
angiography (within 24 h) should be
considered in moderate- to high-risk
patients,d irrespective of
OAC exposure, to expedite treatment
allocation (medical vs. PCI vs. CABG)
and to determine the optimal
antithrombotic regimen.

IIa

C

Initial dual antiplatelet therapy with
aspirin plus a P2Y12 inhibitor in
addition to OAC before coronary
angiography is not recommended.

III

C

Patients undergoing coronary stenting
Anticoagulation
During PCI, additional parenteral
anticoagulation is recommended,
irrespective of the timing of the last
dose of all NOACs and if INR is ,2.5 in
VKA-treated patients.

I

C

Uninterrupted therapeutic
anticoagulation with VKA or NOACs
should be considered during the
periprocedural phase.

IIa

C

Ref.c
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clopidogrel (75 mg/day) or to triple therapy with OAC, clopidogrel
and aspirin 80 mg/day.246 Treatment was continued for 1 month
after BMS placement (35% of patients) and for 1 year after DES
placement (65% of patients); follow-up was for 1 year.246 PCI was
performed on VKA in half of the patients and one-third of them presented with NSTE-ACS. The primary endpoint of any TIMI bleeds
was significantly reduced in the dual-therapy arm [19.5% vs.
44.9%; HR 0.36 (95% CI 0.26, 0.50), P , 0.001], while no significant
differences in major bleeds were observed. The rates of MI, stroke,
TVR or stent thrombosis did not differ significantly, but all-cause
mortality was lower in the dual group (2.5% vs. 6.4%, P ¼ 0.027)
at 1 year. Femoral access was used in the majority of patients
(74%). While the trial was too small to reliably assess ischaemic outcomes and potential differences in major bleeds, dual therapy with
clopidogrel and OAC may be considered as an alternative to triple
therapy in patients at high bleeding risk. In the Triple Therapy in Patients on Oral Anticoagulation After Drug Eluting Stent Implantation (ISAR-TRIPLE) trial, 614 patients (one-third with ACS)
undergoing stenting and requiring OAC were randomly assigned to
receive either 6-week or 6-month clopidogrel therapy in addition
to aspirin and VKA. 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 triple therapy
[9.8% vs. 8.8%; HR 1.14 (95% CI 0.68, 1.91), P ¼ 0.63]; the same
was true for the combined incidence of death, MI, stent thrombosis
and ischaemic stroke [4.0% vs. 4.3%; HR 0.93 (95% CI 0.43, 2.05), P ¼
0.87]. Furthermore, no difference in TIMI major bleeding [5.3% vs.
4.0%; HR 1.35 (95% CI 0.64, 2.84), P ¼ 0.44] was observed.247 Finally,
there are no data on the timing of cessation of any antiplatelet agents
in stented patients requiring chronic OAC. Specifically, it is not known
whether there are differences according to the type of OAC
(NOACs versus VKA) or stent platform. In accordance with a joint
consensus document, discontinuation of any antiplatelet agent at 1
year is encouraged in this patient population irrespective of stent
type, while dual therapy with oral anticoagulation and one antiplatelet
agent (aspirin or clopidogrel) may be considered in patients at very
high risk of coronary events (Figure 5).234
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5.5 Management of acute bleeding events
(see Web addenda)

Antiplatelet treatment
Following coronary stenting, DAPT
including new P2Y12 inhibitors should
be considered as an alternative to
triple therapy for patients with NSTEACS and atrial fibrillation with a
CHA2DS2-VASc score of 1 (in males)
or 2 (in females).
If at low bleeding risk (HAS-BLED ≤2),
triple therapy with OAC, aspirin
(75–100 mg/day) and clopidogrel
75 mg/day should be considered for 6
months, followed by OAC and aspirin
75–100 mg/day or clopidogrel (75 mg/
day) continued up to 12 months.

5.5.1 General supportive measures (see Web
addenda)
IIa

C

5.5.2 Bleeding events on antiplatelet agents (see Web
addenda)
5.5.3 Bleeding events on vitamin K antagonists (see Web
addenda)
IIa

5.5.4 Bleeding events on non-vitamin K antagonist
oral anticoagulants (see Web addenda)

C

5.5.5 Non-access-related bleeding events (see Web
addenda)
5.5.6 Bleeding events related to percutaneous coronary
intervention (see Web addenda)

IIa

Dual therapy with OAC
and clopidogrel 75 mg/day may
be considered as an alternative
to triple antithrombotic therapy in
selected patients (HAS-BLED ≥3 and
low risk of stent thrombosis).

IIb

B

The use of ticagrelor or prasugrel as part
of triple therapy is not recommended.

III

C

5.5.7 Bleeding events related to coronary artery bypass
surgery (see Web addenda)

C

5.5.8 Transfusion therapy (see Web addenda)
5.5.9 Recommendations for bleeding management and
blood transfusion in non-ST-elevation acute coronary
syndromes
246,
248

Recommendations

Vascular access and stent type
Radial over femoral access is
recommended for coronary
angiography and PCI.
The use of new-generation DES over
BMS should be considered among
patients requiring OAC.

I

A

251

IIa

B

245,
252

IIa

C

Medically managed patients
One antiplatelet agent in addition to OAC
should be considered for up to 1 year.

Recommendations for bleeding management and
blood transfusion in non-ST-elevation acute coronary
syndromes

ACS ¼ acute coronary syndromes; BMS ¼ bare-metal stent; CHA2DS2-VASc ¼
Cardiac failure, Hypertension, Age ≥75 (2 points), Diabetes, Stroke (2 points) –
Vascular disease, Age 65 –74, Sex category; DAPT ¼ dual (oral) antiplatelet
therapy; DES ¼ drug-eluting stent; INR ¼ international normalized ratio; LV ¼
left ventricular; NOAC ¼ non-vitamin K antagonist oral anticoagulant;
NSTE-ACS ¼ non-ST-elevation acute coronary syndromes; OAC ¼ oral
anticoagulant/anticoagulation (it refers to both vitamin K and non-vitamin K
antagonist oral anticoagulants); PCI ¼ percutaneous coronary intervention;
VKA ¼ vitamin K antagonist.
Triple therapy refers to aspirin, clopidogrel and OAC.
HAS-BLED bleeding score includes hypertension, abnormal renal and liver function,
stroke, bleeding history or predisposition, labile INR (international normalized
ratio), elderly (.65 years) and drugs increasing bleeding risk or alcohol abuse.
When NOACs are combined with antiplatelet drugs, they should be used at the
lowest dose approved (i.e. dabigatran 2 × 110 mg, rivaroxaban 1 × 15 mg and
apixaban 2 × 2.5 mg). When VKAs are combined with antiplatelet drugs, INR
should not exceed 2.5.
a
Class of recommendation.
b
Level of evidence.
c
References supporting level of evidence.
d
Risk criteria are listed in Table 13.

Classa Levelb

In patients with VKA-associated
life-threatening bleeding events, rapid
reversal of anticoagulation with
four-factor prothrombin complex
concentrate rather than with fresh
frozen plasma or recombinant
activated factor VII should be
considered. In addition, repetitive
10 mg i.v. doses of vitamin K
should be administered by slow
injection.

IIa

C

In patients with NOAC-associated
ongoing life-threatening bleeds, the
administration of prothrombin
complex concentrate or activated
prothrombin complex concentrates
should be considered.

IIa

C

In patients with anaemia and no
evidence of active bleed, blood
transfusion may be considered
in the case of compromised
haemodynamic status or
haematocrit ,25% or
haemoglobin level ,7 g/dL.

IIb

C

Ref.c

i.v. ¼ intravenous; NOAC ¼ non-vitamin K antagonist oral anticoagulant;
NSTE-ACS ¼ non-ST-elevation acute coronary syndromes; VKA ¼ vitamin K
antagonist.
a
Class of recommendation.
b
Level of evidence.
c
References supporting level of evidence.
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If at high bleeding risk (HAS-BLED ≥3),
triple therapy with OAC, aspirin (75–
100 mg/day) and clopidogrel 75 mg/day
should be considered for a duration of
1 month, followed by OAC and aspirin
75–100 mg/day or clopidogrel (75 mg/
day) continued up to 12 months
irrespective of the stent type (BMS or
new-generation DES).
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Table 13 Risk criteria mandating invasive strategy in
NSTE-ACS
Very-high-risk criteria
• Haemodynamic instability or cardiogenic shock
• Recurrent or ongoing chest pain refractory to medical treatment
• Life-threatening arrhythmias or cardiac arrest
• Mechanical complications of MI
• Acute heart failure
• Recurrent dynamic ST-T wave changes, particularly with intermittent
ST-elevation

ESC Guidelines

5.6.1 Invasive coronary angiography
Invasive coronary angiography maintains its central role in the management of patients with NSTE-ACS. In the vast majority of cases it
allows clinicians to
† confirm the diagnosis of ACS related to obstructive epicardial
CAD (or to rule out a coronary origin of chest pain) and, as a consequence, to guide antithrombotic treatment and avoid unnecessary exposure to antithrombotic agents;
† identify the culprit lesion(s);
† establish the indication for coronary revascularization and assess
the suitability of coronary anatomy for PCI and CABG and
† stratify the patient’s short- and long-term risk.

High-risk criteria
• Rise or fall in cardiac troponin compatible with MI
• Dynamic ST- or T-wave changes (symptomatic or silent)
• GRACE score >140

• Diabetes mellitus
•
• LVEF <40% or congestive heart failure
• Early post-infarction angina
• Prior PCI
• Prior CABG
• GRACE risk score >109 and <140
Low-risk criteria
• Any characteristics not mentioned above
CABG ¼ coronary artery bypass graft; eGFR ¼ estimated glomerular filtration
rate; GRACE ¼ Global Registry of Acute Coronary Events; LVEF ¼ left ventricular
ejection fraction; PCI ¼ percutaneous coronary intervention; MI ¼ myocardial
infarction.

5.6 Invasive coronary angiography and
revascularization
Invasive coronary angiography, followed if indicated by coronary
revascularization, is performed in the majority of patients hospitalised with NSTE-ACS in regions with well-developed healthcare
systems. The decision for an invasive strategy should carefully
weigh the risks of invasive diagnostics and the benefits in terms
of diagnostic accuracy, risk stratification and assessment of the
risks related to revascularization. The decision for revascularization takes into account the risk in terms of morbidity and mortality
associated with the proposed modality (PCI or CABG) and the
benefits in terms of short- and long-term prognosis, symptom relief, quality of life and duration of hospital stay. The indication for an
invasive approach, the timing for myocardial revascularization and
the selection of the revascularization modality depend on numerous factors, including clinical presentation, comorbidities, risk
stratification (as outlined in section 4), presence of high-risk features specific for a revascularization modality, frailty, cognitive status, estimated life expectancy and functional and anatomic severity
as well as pattern of CAD.

5.6.1.2 Identification of the culprit lesion
In order to characterize a coronary lesion as culprit on angiography,
at least two of the following morphological features suggestive of
acute plaque rupture should be present:306 – 308 intraluminal filling
defects consistent with thrombus (i.e. acute occlusion abruptly ending with a squared-off or convex upstream termination or an intraluminal filling defect in a patent vessel within or adjacent to a
stenotic region with surrounding homogeneous contrast opacification), plaque ulceration (i.e. presence of contrast and hazy contour
beyond the vessel lumen), plaque irregularity (i.e. irregular margins
or overhanging edges), dissection or impaired flow. Pathological and
intracoronary imaging studies have documented the simultaneous
occurrence of multiple vulnerable plaques, mostly as thin-cap fibroatheroma.309 – 311 Angiographic studies have confirmed these
findings, showing that in up to 40% of NSTEMI-ACS patients with
obstructive CAD, multiple complex plaques fulfilling the criteria
of a culprit lesion may be observed.306,308,312,313 Nearly one-quarter
of NSTEMI patients present with an acute occluded coronary artery
and two-thirds of the occlusions are already collateralised at the
time of angiographic examination.223,310 As a consequence, differentiation between an acute/subacute and chronic occlusion may
sometimes be challenging and identification of the culprit lesion
based solely on angiography may not be possible.
Diffuse precordial ST depression more pronounced in leads V4 –
V6 may indicate a culprit lesion located in the mid left anterior descending coronary artery, while changes more evident in leads V2 –V3
may be more suggestive of a culprit lesion located in the left circumflex artery.314 Diffuse ST depression including both precordial and
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Intermediate-risk criteria

5.6.1.1 Pattern of coronary artery disease
Angiographic patterns of CAD in NSTE-ACS patients are diverse,
ranging from normal epicardial coronary arteries to a severely and
diffusely diseased coronary artery tree. Up to 20% of patients with
NSTE-ACS have no lesions or non-obstructive lesions of epicardial
coronary arteries, while among patients with obstructive CAD, 40–
80% have multivessel disease.164,224,303,304 Bypass graft failures and
left main coronary artery disease may be the underlying condition
in 5% and up to 10% of patients presenting with NSTE-ACS, respectively. The left anterior descending coronary artery is the
most frequent culprit vessel in both STEMI and NSTEMI-ACS
(in up to 40% of patients).164,224,303 – 306 Regarding the distribution
within the infarct-related artery, culprit lesions in NSTE-ACS are
more often located within the proximal and mid segments, with
approximately the same frequency in the two segments.305,306
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extremity leads associated with ST-elevation ≥1 mm in lead aVR
may indicate either left main coronary artery as the culprit lesion
or proximal occlusion of the left anterior descending coronary artery in the presence of severe three-vessel CAD.315,316 The correlation of ECG changes with the culprit lesion is weakened in the
presence of left coronary artery dominance, multivessel disease
and distal location of the culprit lesion.317 Echocardiography or
left ventriculography may also help to identify the culprit lesion corresponding to a regional wall motion abnormality. Finally, approximately 25% of NSTEMI patients have angiographically normal
epicardial coronary arteries or non-obstructive CAD.164,303,304 A
provocative test, such as with acetylcholine or ergonovine, and newer
intracoronary imaging methods (i.e. optical coherence tomography)
may sometimes help to identify the culprit lesion or the underlying
pathology, such as medial thickness due to abnormal media contraction in coronary spasm or superficial erosions of non-obstructive
thin-cap fibroatheroma.318 – 320

5.6.2 Routine invasive vs. selective invasive approach
While PCI associated with antithrombotic therapy results in culprit
lesion stabilization, thereby reducing the risk of target lesion –
associated (re)infarction, CABG provides protection against complications (i.e. occlusion/subocclusion, but possibly not distal embolization) originating from culprit lesions as well as from disease
progression in the vessel segments proximal to the anastomotic
sites.321 Compared with a selective invasive strategy, a routine invasive strategy in NSTE-ACS has been shown to improve clinical
outcomes and reduce recurrent ACS episodes, subsequent rehospitalization and revascularization. A meta-analysis of seven RCTs in
8375 NSTE-ACS patients with frequent use of thienopyridines,
GPIIb/IIIa inhibitors and stents showed that a routine invasive strategy was associated with a lower risk of death [4.9% vs. 6.5%; RR 0.75
(95% CI 0.63, 0.90), P ¼ 0.001], MI [7.6% vs. 9.1%; RR 0.83 (95% CI
0.72, 0.96), P ¼ 0.012] and rehospitalization for recurrent ACS
[19.9% vs. 28.7%; RR 0.69 (95% CI 0.65, 0.74), P , 0.0001] at a
mean follow-up of 2 years.322 A meta-analysis of eight RCTs in
10 150 NSTE-ACS patients showed that the benefit in favour of a
routine invasive strategy for the composite endpoint of death or
MI was confined to biomarker-positive patients [OR 0.68 (95%
CI 0.56, 0.82) vs. OR 1.01 (95% CI 0.79, 1.28) in biomarker-negative
patients, interaction P ¼ 0.03]. 323 An individual patient data
meta-analysis of three RCTs with long-term follow-up data throughout 5 years in 5467 NSTE-ACS patients reported a lower risk of CV
death or MI [14.7% vs. 17.9%; HR 0.81 (95% CI 0.71, 0.93), P ¼
0.002] in favour of a routine over a selective invasive strategy; the
most pronounced difference was observed in high-risk patients
(according to a risk score developed by the authors based on clinical
characteristics), with an absolute risk reduction of 2.0%, 3.8% and
11.1% among low-, intermediate- and high-risk patients, respectively.324 Of note, the benefit of revascularization in the RCT was likely

underestimated because revascularization was allowed when patients deteriorated while on medical therapy (crossover), the trials
did not include consecutive patients and excluded those with
very-high-risk features and advances in percutaneous treatment
such as single-stent strategy for bifurcation lesions, radial approach,
new-generation DES as well as more effective P2Y12 inhibitors were
not available or broadly implemented in the trials. Despite these limitations, the results of RCTs and their meta-analyses support the
broad implementation of a routine invasive strategy and highlight
the role of risk stratification in the decision process. Specific subgroups of high-risk patients that, while benefiting from an early invasive management, pose additional challenges in terms of treatment
(e.g. diabetic patients, the elderly, frail patients or those with renal
insufficiency) are discussed in their respective sections.
5.6.3 Timing of invasive strategy
5.6.3.1 Immediate invasive strategy (,2 h)
Very-high-risk NSTE-ACS patients (i.e. with at least one very-high-risk
criterion according to Table 13) have been generally excluded from
RCTs. Owing to a poor short- and long-term prognosis if left untreated, an immediate (i.e. ,2 h from hospital admission, analogous to
STEMI management) invasive strategy with intent to perform revascularization is recommended, irrespective of ECG or biomarker findings. Centres without STEMI programmes should transfer the
patient immediately (Figure 6). The management of patients with
out-of-hospital cardiac arrest and no ST elevation on ECG needs to
be individualized and requires multidisciplinary consultation in the
emergency department. While conscious survivors should undergo
immediate coronary angiography, comatose survivors should first
be investigated for non-coronary conditions, if appropriate, and coronary angiography should be performed directly after in the absence
of an obvious non-coronary cause of the cardiac arrest.325
5.6.3.2 Early invasive strategy (,24 h)
Early invasive strategy is defined as coronary angiography performed
within 24 h of hospital admission. The optimal timing of invasive coronary angiography and revascularization in NSTE-ACS patients
has been investigated in multiple RCTs and meta-analyses. A
meta-analysis of four RCTs with 4013 NSTE-ACS patients compared an early (i.e. time to angiography 1.16– 14 h) with a delayed
(i.e. time to angiography 20.8 –86 h) invasive strategy. While there
were no significant differences in terms of death or MI, the early invasive strategy was associated with a statistically significant lower
risk of recurrent ischaemia [RR 0.59 (95% CI 0.38, 0.92), P ¼
0.02] and shorter duration of hospital stay [by 28% (95% CI 22,
35), P , 0.001] and a trend towards fewer major bleeds [RR 0.78
(95% CI 0.57, 1.07), P ¼ 0.13] and major adverse cardiac events
[RR 0.91 (95% CI 0.82, 1.01), P ¼ 0.09]. 326 An updated
meta-analysis of seven RCTs in 5370 NSTE-ACS patients and of
four observational studies in 77 499 patients compared an early
(,24 h) with a delayed invasive strategy.327 The results of the
pooled analysis of RCTs showed no significant benefit for death
[3.9% vs. 4.7%; OR 0.83 (95% CI 0.64, 1.09), P ¼ 0.18], MI [7.5%
vs. 7.8%; OR 1.15 (95% CI 0.65, 2.01), P ¼ 0.63] or major bleeds
[2.8% vs. 3.7%; OR 0.76 (95% CI 0.56, 1.04), P ¼ 0.09], and similar
outcomes were reported in the observational studies. Yet an early
invasive strategy was associated with a lower risk of refractory
ischaemia [3.8% vs. 7.3%; OR 0.55 (95% CI 0.35, 0.86), P ¼ 0.008].
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5.6.1.3 Fractional flow reserve
The achievement of maximal hyperaemia may be unpredictable in
NSTEMI because of the dynamic nature of coronary lesions and
the associated acute microvascular dysfunction. As a result, fractional flow reserve (FFR) may be overestimated and the haemodynamic
relevance of a coronary stenosis underestimated.320 So far, the value
of FFR-guided PCI in this setting has not been properly addressed.
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Symptoms Onset

First medical contact

NSTE-ACS diagnosis

PCI center

Immediate transfer to PCI center

Very high

Same-day transfer

High

Transfer

Intermediate

Therapeutic
strategy

Low

Immediate
Invasive
(<2 hr)

Early
invasive
(<24 hr)

Very high

Invasive
(<72 hr)

Transfer
optional

High

Intermediate

Low

Non-invasive
testing if
appropriate

EMS = emergency medical services; PCI = percutaneous coronary intervention.

Figure 6 Selection of non-ST-elevation acute coronary syndrome (NSTE-ACS) treatment strategy and timing according to initial risk
stratification.

Three of the trials included in the mentioned meta-analyses compared a strategy of immediate (e.g. primary PCI-like approach) vs.
early and/or delayed intervention in NSTE-ACS patients.304,328,329
There were no differences with respect to the primary endpoints
based on biomarker elevation after intervention or with respect
to secondary clinical outcomes (except for a higher rate of MI in
the immediate invasive approach in one of the studies).328 However,
the design and interpretation of these studies is challenging from a
methodological point of view, because in cases of early intervention,
biomarkers had not returned to normal values or were still in the
ascending phase of the curve. Therefore it may be difficult, if not impossible, to differentiate between the evolution of the index MI and
an ischaemic complication of the revascularization procedure.
There is evidence to suggest a benefit of an early invasive strategy in
patients with a high-risk profile. The largest individual RCT to date,
Timing of Intervention in Acute Coronary Syndromes (TIMACS), randomly assigned 3031 NSTE-ACS patients to an early (,24 h, median
time 14 h) or delayed (median time 50 h) intervention. At 6 months,
the primary composite endpoint of death, MI or stroke was not different between the early and delayed invasive strategy [9.6% vs. 11.3%;
HR 0.85 (95% CI 0.68, 1.06), P ¼ 0.15]. The secondary endpoint of
death, MI, stroke or refractory ischaemia was reduced by 28% in favour

of the early invasive strategy [9.5% vs. 12.9%; HR 0.72 (95% CI 0.58,
0.89), P ¼ 0.003]. In the pre-specified analysis of high-risk patients
(i.e. one-third of patients with a GRACE risk score .140), an early invasive strategy lowered the risk of death, MI or stroke [13.9% vs.
21.0%; HR 0.65 (95% CI 0.48, 0.89), P ¼ 0.006], whereas the difference
was not significant for patients with a GRACE risk score ≤140 [7.6%
vs. 6.7%; HR 1.12 (95% CI 0.81, 1.56), P ¼ 0.48; P ¼ 0.01 for heterogeneity].303 Importantly, an early invasive strategy did not trigger any
safety issue in this trial. In a post hoc analysis of the ACUITY trial, a
delay to PCI .24 h was an independent predictor of 30-day and
1-year mortality.330 The excess of ischaemic events associated with
the PCI .24 h strategy was most apparent among moderate- and
high-risk patients (according to the TIMI risk score). Overall, an early
invasive strategy is recommended in patients with at least one high-risk
criterion (Table 13). This implies timely transfer for patients admitted
to hospitals without onsite catheterization facilities (Figure 6).
5.6.3.3 Invasive strategy (,72 h)
This is the recommended maximal delay for angiography in patients
without recurrence of symptoms but at least one intermediate risk
criterion.324,327 Even if hospital transfer is required, the 72 h window for coronary angiography should be complied with.
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5.6.4 Conservative treatment
5.6.4.1 In patients with coronary artery disease
5.6.4.1.1 Non-obstructive CAD. A pooled data analysis from eight
NSTE-ACS RCTs showed that 9.6% of the patients had nonobstructive CAD. Compared with patients with obstructive CAD,
those individuals were younger and more often female, while fewer
had diabetes mellitus, previous MI or prior PCI. Thirty-day death or
MI was less frequent among patients with non-obstructive CAD
(2.2%) vs. obstructive CAD (13.3%) [adjusted OR 0.15 (95% CI
0.11, 0.20)]. Thirty-day death or MI and 6-month mortality were
also lower among patients with non-obstructive CAD [adjusted
OR 0.19 (95% CI 0.14, 0.25) and adjusted OR 0.37 (95% CI 0.28,
0.49), respectively].332 While invasive evaluation and, if appropriate
and feasible, revascularization are indicated in patients at high ischaemic risk, in a proportion of them this strategy is not offered because of the perception that patients might not benefit in terms of
event reduction—due to the estimated increased risk related to
coronary angiography and/or revascularization—or quality of life.
Patients in whom an invasive strategy may be withheld by the treating physicians may include very elderly or frail patients (section
5.8.1); patients with comorbidities such as dementia, severe chronic
renal insufficiency (section 5.8.3) or cancer and patients at high risk
of bleeding complications (section 4.3). Usually these patient categories have been excluded from RCTs.
With respect to oral antiplatelet therapy in the context of medically managed NSTE-ACS, the CURE study randomized 12 562 patients to clopidogrel or placebo in addition to aspirin for 3 – 12
months (mean duration of treatment 9 months). The majority of patients were treated conservatively, while ,40% underwent coronary
revascularization during the study period. The primary outcome, a
composite of death from CV causes, non-fatal MI or stroke at 1
year, occurred in 9.3% of the patients in the clopidogrel group and
11.4% of the patients in the placebo group [RR 0.80 (95% CI 0.72,
0.90), P , 0.001]. There were significantly more patients with major
bleeds in the clopidogrel group than in the placebo group [3.7% vs.
2.7%; RR 1.38 (95% CI 1.13, 1.67), P ¼ 0.001].137 A registry looked
at the comparative effectiveness of clopidogrel vs. no clopidogrel in
16 365 medically managed patients with unstable angina and

NSTEMI.333 In 36% of the patients, clopidogrel was prescribed within
7 days of discharge. In 8562 propensity score–matched patients, patients who were prescribed clopidogrel had lower rates of all-cause
mortality [8.3% vs. 13.0%; adjusted HR 0.63 (95% CI 0.54, 0.72), P ,
0.01] and the composite of death or MI [13.5% vs. 17.4%; HR 0.74
(95% CI 0.66, 0.84), P , 0.01], but not MI alone [6.7% vs. 7.2%; HR
0.93 (95% CI 0.78, 1.11), P ¼ 0.30], compared with non-users of clopidogrel. The association between clopidogrel use and the composite of
death or MI was significant among patients presenting with NSTEMI [HR
0.67 (95% CI 0.59, 0.76)] compared with those presenting with unstable
angina [HR 1.25 (95% CI 0.94, 1.67), P for interaction ,0.01].
The TRILOGY ACS trial randomized 7243 patients with NSTEACS ,75 years of age selected for medical management to clopidogrel or prasugrel for a median duration of 17 months.334 Allocation
to prasugrel was not associated with a statistically significant reduction in the primary endpoint of death from CV causes, MI or stroke
[13.9% in the prasugrel group and 16.0% in the clopidogrel group;
HR 0.91 (95% CI 0.79, 1.05), P ¼ 0.21]. While non-CABG TIMI major bleeding rates did not differ among the groups, TIMI major and
minor bleeding events were more frequent in the prasugrel group
[1.9% vs. 1.3%; HR 1.54 (95% CI 1.06, 2.23), P ¼ 0.02]. In the PLATO
study, 5216 patients (28% of the total PLATO population) admitted
to hospital for ACS were specified as planned for non-invasive management, although by the end of follow-up, 3143 (60.3%) patients
had been managed non-invasively. In the population intended for
non-invasive management, the incidence of the primary endpoint,
a composite of CV death, MI and stroke, was lower with ticagrelor
than with clopidogrel [12.0% vs. 14.3%; HR 0.85 (95% CI 0.73, 1.00,
P ¼ 0.04]. Overall mortality was also lower [6.1% vs. 8.2%; HR 0.75
(95% CI 0.61, 0.93), P ¼ 0.01]. The incidence of non-CABG TIMI
major bleeds was numerically higher in the ticagrelor-treated patients [2.8% vs. 2.2%; HR 1.33 (95% CI 0.91, 1.94), P ¼ 0.142].335
5.6.4.1.2 CAD not amenable to revascularization. Data regarding patients with ACS who are not amenable to revascularization due
to severe/diffuse CAD are sparse. The available observational studies included mainly patients with stable CAD and refractory angina.336,337 Although the prognosis differs according to patient
characteristics (e.g. age, prior CABG or PCI, LV dysfunction, congestive heart failure), overall, patients not amenable to revascularization have higher mortality compared with patients who are
revascularized.336 The main objective of pharmacological treatment
is relief from refractory angina, as detailed in the 2013 ESC guidelines on the management of stable CAD.63
5.6.4.2 In patients with normal coronary angiogram (see Web addenda).
Tako – Tsubo cardiomyopathy, non-CAD-associated coronary
thromboembolism, vasospasm and microvascular disease may all
cause NSTE-ACS. While these conditions have been extensively
covered in the 2013 ESC guidelines on the management of stable
CAD, the most relevant features are summarised in the Web
addenda.63
5.6.5 Percutaneous coronary intervention
5.6.5.1 Technical aspects and challenges
Although suspected or confirmed NSTE-ACS represents the most
frequent indication for coronary angiography and PCI worldwide,
few studies focus on the technical aspects of PCI in this setting. Hence
information on PCI techniques and outcomes has to be derived largely from PCI studies or from trials and registries encompassing ACS
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5.6.3.4 Selective invasive strategy
Patients with no recurrence of symptoms and none of the criteria
listed in Table 13 are to be considered at low risk of ischaemic
events. In these patients, a non-invasive stress test (preferably
with imaging) for inducible ischaemia is recommended before deciding on an invasive strategy.331
In summary, available data indicate that an early as opposed to a
delayed invasive strategy is safe and associated with a lower risk of
refractory ischaemia and a shorter duration of hospital stay. The selection of the optimal timing of invasive coronary angiography and
revascularization should be guided by individual risk stratification.
It is recommended that patients at very high risk (i.e. with at least
one very-high-risk criterion) undergo an immediate invasive strategy
(,2 h). In patients at high risk (i.e. with at least one high-risk criterion), an early invasive strategy (,24 h) is recommended. In patients
with at least one intermediate-risk criterion, the invasive strategy
may be delayed but a maximum 72 h window from admission to
coronary angiography is recommended. In low-risk patients, a noninvasive stress test (preferably with imaging) for inducible ischaemia
is recommended before deciding on an invasive strategy.
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patients. As for all other manifestations of CAD, stent implantation in
the setting of NSTE-ACS helps to reduce abrupt vessel closure and
restenosis associated with balloon angioplasty and it should be considered the standard treatment strategy. Based on at least comparable safety and superior efficacy (i.e. prevention of restenosis
and need for repeat revascularization), new-generation DESs are
recommended over BMSs in NSTE-ACS.345 – 347 DAPT is recommended for 12 months irrespective of stent type, while in patients
at high ischaemic risk not experiencing bleeding events, DAPT may
be extended (see section 5.2.6). The benefit of thrombectomy has
not been assessed prospectively in NSTE-ACS but cannot be recommended, considering the lack of benefit observed in STEMI.348
While FFR is considered the invasive gold standard for the functional assessment of lesion severity in stable CAD, its role in
NSTE-ACS still needs to be defined. Strategies to reduce bleeding
risk related to PCI are listed in Table 12.

transfemoral access in ACS. It is recommended that centres treating
ACS patients implement a transition from transfemoral to transradial
access. However, proficiency in the femoral approach should be
maintained, as this access is indispensable in a variety of procedures,
including intra-aortic balloon counterpulsation implantation, structural heart disease interventions and peripheral revascularization procedures. A consensus document has proposed a stepwise approach
to favour the transition from a femoral to a radial approach.351
5.6.5.3 Revascularization strategies and outcomes
There is a lack of prospective randomized investigations addressing
the type (i.e. complete vs. incomplete) and timing (i.e. simultaneous
vs. staged) of revascularization in NSTE-ACS. A complete revascularization strategy of significant lesions should be pursued in multivessel
disease patients with NSTE-ACS based on two considerations. First,
several studies showing the benefit of early intervention when compared with the conservative approach in patients with NSTE-ACS
mandated a complete revascularization strategy, irrespective of the
possibility to identify and/or treat the culprit lesion.352 – 354 Second,
multiple PCI and NSTE-ACS trials have shown a detrimental prognostic effect of incomplete revascularization. Accordingly, a residual
SYNergy between percutaneous coronary intervention with TAXus
and cardiac surgery (SYNTAX) score .8 has been shown to be independently associated with a poor 30-day and 1-year prognosis, including higher mortality after PCI in patients with moderate- and
high-risk ACS.355,356 However, the presence of important unmeasured confounding factors in retrospective studies showing worse outcomes in patients who did not receive complete revascularization
cannot be excluded. Since pursuing completeness of revascularization
for some patients with complex coronary anatomy may mean increasing the risk of PCI (e.g. in the presence of complex chronic total
occlusions) or requiring CABG, it is reasonable, in the absence of
compelling clinical data, to tailor the need for complete revascularization to age, general patient condition and comorbidities. The decision
to treat all the significant lesions in the same setting or to stage the
procedures should be based on clinical presentation, comorbidities,
complexity of coronary anatomy, ventricular function, revascularization modality and patient preference.
With respect to outcomes, periprocedural complications of PCI as
well as the long-term ischaemic risk remain higher in NSTE-ACS than
in stable patients, despite contemporary management. Accordingly,
the risk of CV death, MI or stroke in NSTE-ACS patients in recent
trials was approximately 10% and 15% at 1 and 2 years follow-up, respectively.154,206 For ACS patients who underwent PCI, revascularization procedures represent the most frequent, most costly and earliest
cause for rehospitalization.357,358 This reflects both planned (i.e.
staged) as well as unplanned revascularization procedures due to
symptoms or CV event recurrence.357,358
5.6.6 Coronary artery bypass surgery
Approximately 10% of NSTE-ACS patients may require CABG during
their index hospitalization.359 A Danish nationwide cohort study
showed that the proportion of patients undergoing CABG
for NSTE-ACS decreased from 2001 to 2009, while the proportion
of patients undergoing coronary angiography and PCI markedly
increased.360 NSTE-ACS patients requiring CABG represent a
challenging group of patients, mainly because of the difficulties in balancing ischaemic and bleeding risks in relation to the timing of surgery
and perioperative antithrombotic therapy. In addition, NSTE-ACS
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5.6.5.2
Vascular access
The RadIal Vs femorAL access for coronary intervention (RIVAL) trial
randomized 7021 ACS patients (both STEMI and NSTE-ACS) to radial or femoral artery access.349 The primary outcome, a composite
of death, MI, stroke or non-CABG-related major bleeds at 30 days,
occurred in 3.7% of patients in the radial access group compared
with 4.0% of patients in the femoral access group [HR 0.92 (95% CI
0.72, 1.17), P ¼ 0.50]. The Study of Access Site for Enhancement of
PCI for Women (SAFE-PCI) trial randomized women undergoing
coronary angiography, and if required PCI, to radial or femoral access.
The study was stopped early due to a lower than expected event rate.
Among the 1787 patients enrolled (.50% presented with
NSTE-ACS), 691 underwent PCI. There was no significant difference
in the primary efficacy endpoint of bleeding or vascular complications
between radial and femoral access among women undergoing PCI
[radial 1.2% vs. 2.9% femoral; OR 0.39 (95% CI 0.12, 1.27), P ¼
0.12], while in the overall cohort of women undergoing coronary
angiography a benefit was detected [0.6% in the radial group vs.
1.7% in the femoral group; OR 0.32 (95% CI 0.12, 0.90), P ¼
0.03].350 In the Minimizing Adverse Haemorrhagic Events by TRansradial Access Site and Systemic Implementation of angioX (MATRIX)
trial, 8404 ACS patients were randomly allocated to radial or femoral
access. The first co-primary outcome of 30-day MACE, defined as
death, MI or stroke, occurred in 8.8% of patients with radial access
and 10.3% of patients with femoral access [RR 0.85 (95% CI 0.74,
0.99), two-sided P ¼ 0.031; formally non-significant at the prespecified a of 0.025).251 The second co-primary outcome of
30-day net adverse clinical events [MACE or non-CABG Bleeding
Academic Research Consortium (BARC) major bleeding] was experienced in 9.8% and 11.7% of patients {RR 0.83 (95% CI 0.73, 0.96), P ¼
0.009]. Radial access was associated with a lower risk of all-cause
mortality [1.6% vs. 2.2%; RR 0.72 (95% CI 0.53, 0.99), P ¼ 0.045],
while the rates of cardiac mortality, MI and stroke were not significantly different. The two groups had similar rates of urgent TVR
and stent thrombosis. Major BARC 3 or 5 bleeding was significantly
reduced in the radial group [1.6% vs. 2.3%; RR 0.67 (95% CI 0.49,
0.92), P ¼ 0.013]. Radial access was associated with significantly lower
rates of surgical access site repair or transfusion of blood products.
An updated meta-analysis including MATRIX found a significant reduction in major bleeds; death, MI or stroke and in all-cause mortality
associated with radial as compared with femoral access.251 Radial access, performed by experienced operators, is recommended over the
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patients present with a higher proportion of surgical high-risk characteristics, including older age, female gender, left main coronary disease and LV dysfunction compared with patients undergoing
elective CABG.361 In the absence of randomized data, optimal timing
for non-emergent CABG in NSTE-ACS patients should be determined individually, as detailed in section 5.6.6.1, Web addenda.
5.6.6.1 Timing of surgery and antithrombotic drug discontinuation
(see Web addenda)
5.6.6.2 Recommendations for perioperative management of antiplatelet
therapy in non-ST-elevation acute coronary syndrome patients requiring
coronary artery bypass surgery

Recommendations

Classa Levelb

Ref.c

Irrespective of the revascularization
strategy, a P2Y12 inhibitor is
recommended in addition to aspirin
and maintained over 12 months unless
there are contraindications such as
excessive risk of bleeding events.

I

A

It is recommended that the Heart
Team estimate the individual bleeding
and ischaemic risks and guide the
timing of CABG as well as
management of DAPT.

I

C

It is recommended to perform CABG
without delay in patients with
haemodynamic instability, ongoing
myocardial ischaemia or very-high-risk
coronary anatomy, regardless of
antiplatelet treatment.

I

C

Aspirin is recommended 6–24 h
post-CABG in the absence of ongoing
bleeding events.

I

A

365,
366

It is recommended to continue
low-dose aspirin until CABG.

I

B

367–
369

In stabilised patients requiring CABG
who are on DAPT, discontinuation of
ticagrelor and clopidogrel 5 days
before and prasugrel 7 days prior to
surgery should be considered.

IIa

B

285,
370,
371

After CABG, resuming P2Y12 inhibitor
therapy should be considered as soon
as deemed safe.

IIa

C

Platelet function testing may be
considered in shortening the time
window to CABG following P2Y12
inhibitor discontinuation.

IIb

B

137,
148,
153

372

ACS ¼ acute coronary syndromes; CABG ¼ coronary artery bypass graft;
DAPT ¼ dual (oral) antiplatelet therapy.
a
Class of recommendation.
b
Level of evidence.
c
References supporting level of evidence.

5.6.7 Percutaneous coronary intervention vs. coronary
artery bypass surgery
While the main advantages of PCI in the setting of NSTE-ACS are
faster revascularization of the culprit lesion, a lower risk of stroke
and the absence of deleterious effects of cardiopulmonary bypass
on the ischaemic myocardium, CABG may more frequently offer
complete revascularization in advanced multivessel CAD. However,
no contemporary RCT comparing PCI with CABG in patients with
NSTE-ACS and multivessel CAD is available. Accordingly, in nearly
all trials comparing an early with a delayed invasive strategy, or a
routine invasive with a selective invasive strategy, the decision to
perform PCI or CABG was left to the discretion of the investigator.
A post hoc analysis of 5627 NSTE-ACS patients with multivessel
CAD included in the ACUITY trial showed that 78% underwent
PCI while the remaining patients were treated surgically.374 After
propensity-score matching, there were no differences among
1056 patients in mortality at 1 month (CABG 2.5% vs. PCI 2.1%;
P ¼ 0.69) and 1 year (CABG 4.4% vs. PCI 5.7%; P ¼ 0.58). PCItreated patients experienced lower rates of stroke (0% vs. 1.1%;
P ¼ 0.03), MI (8.8%% vs. 13.3%; P ¼ 0.03), major bleeds (9.1% vs.
45.5%; P , 0.001) and renal injury (14.2% vs. 31.7%; P , 0.001),
but had significantly higher rates of unplanned revascularization
than CABG (3.1% vs. 0.2%; P , 0.001) during the periprocedural
period. At 1 year, the risk of stroke remained lower among PCItreated patients (0% vs. 1.1%; P ¼ 0.03), whereas unplanned revascularization (12% vs. 0.2%; P , 0.001) and MACE tended to be
more common (25.0% vs. 19.2%; P ¼ 0.053). A subgroup analysis
of an individual patient data meta-analysis of 10 RCTs comparing
CABG and PCI reported similar mortality after a median follow-up
of 5.9 years among 2653 stabilised NSTE-ACS patients with multivessel CAD [9.6% in the CABG group vs. 11.1% in the PCI group;
HR 0.95 (95% CI 0.80, 1.12)].377
As both the SYNergy Yield of the New Strategy of Enoxaparin,
Revascularization and Glycoprotein IIb/IIIa Inhibitors (SYNERGY)
and Future Revascularization Evaluation in Patients with Diabetes
Mellitus: Optimal Management of Multivessel Disease (FREEDOM)
trials compared PCI and CABG in patients with multivessel CAD
and included up to one-third of patients with unstable angina or
NSTE-ACS, it is reasonable to use the criteria applied in patients
with stable CAD to guide the choice of revascularization modality
among stabilised patients with NSTE-ACS.378 – 380 While the majority of patients with single-vessel CAD should undergo ad hoc PCI of
the culprit lesion, the revascularization strategy in an individual
NSTE-ACS patient with multivessel CAD should be discussed in
the context of a Heart Team and be based on the clinical status
as well as the severity and distribution of the CAD and the lesion
characteristics. The SYNTAX score was found to be useful in the
prediction of death, MI and revascularization among NSTE-ACS patients undergoing PCI and may help guide the choice between revascularization strategies.381 PCI of the culprit lesion does not require a
case-by-case review by the Heart Team when an ad hoc intervention is indicated based on clinical or angiographic grounds, such as
ongoing ischaemia, haemodynamic instability, pulmonary oedema,
recurrent ventricular arrhythmias or total occlusion of the culprit
coronary artery requiring urgent revascularization. Following PCI
of the culprit lesion, stabilised NSTE-ACS patients with multivessel
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antiplatelet therapy in non-ST-elevation acute
coronary syndrome patients requiring coronary artery
bypass surgery

5.6.6.3 Technical aspects and outcomes (see Web addenda)
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CAD may be discussed within the Heart Team if delayed CABG of
the non-culprit vessels is an option.

5.6.9 Recommendations for invasive coronary
angiography and revascularization in non-ST-elevation
acute coronary syndromes
Recommendations for invasive coronary angiography
and revascularization in non-ST-elevation acute
coronary syndromes

Recommendations

Classa Levelb

An immediate invasive strategy
(<2 h) is recommended in patients with
at least one of the following
very-high-risk criteria:
– haemodynamic instability or
cardiogenic shock
– recurrent or ongoing chest
pain refractory to medical
treatment
– life-threatening arrhythmias or
cardiac arrest
– mechanical complications of MI
– acute heart failure with refractory
angina or ST deviation
– recurrent dynamic ST- or T-wave
changes, particularly with
intermittent ST-elevation.

I

An early invasive strategy (<24 h)
is recommended in patients with at
least one of the following high-risk
criteria:
– rise or fall in cardiac troponin
compatible with MI
– dynamic ST- or T-wave changes
(symptomatic or silent)
– GRACE score .140.

I

Ref.c

A

322,
324

In patients with none of the above
mentioned risk criteria and no
recurrent symptoms, non-invasive
testing for ischaemia (preferably
with imaging) is recommended
before deciding on an invasive
evaluation.

I

A

113,
114

In centres experienced with radial
access, a radial approach is
recommended for coronary
angiography and PCI.

I

A

251

I

A

242,
252,
386–
390

I

C

IIb

B

In patients undergoing PCI,
new-generation DESs are
recommended.
In patients with multivessel CAD,
it is recommended to base the
revascularization strategy (e.g. ad
hoc culprit-lesion PCI, multivessel
PCI, CABG) on the clinical status
and comorbidities as well as the
disease severity (including
distribution, angiographic lesion
characteristics, SYNTAX score),
according to the local Heart Team
protocol.
In patients in whom a short DAPT
duration (30 days) is planned because
of an increased bleeding risk, a newgeneration DES may be considered
over a BMS.

C

A

I

303,
326,
327

245

BMS ¼ bare-metal stent; CABG ¼ coronary artery bypass grafting;
CAD ¼ coronary artery disease; DAPT ¼ dual (oral) antiplatelet therapy;
DES ¼ drug-eluting stent; eGFR ¼ estimated glomerular filtration rate;
GRACE ¼ Global Registry of Acute Coronary Events; LVEF ¼ left ventricular
ejection fraction; MI ¼ myocardial infarction; NSTE-ACS ¼ non-ST-elevation
acute coronary syndromes; PCI ¼ percutaneous coronary intervention;
SYNTAX ¼ SYNergy between percutaneous coronary intervention with
TAXus and cardiac surgery.
Timing to coronary angiography is calculated from hospital admission.
a
Class of recommendation.
b
Level of evidence.
c
References supporting level of evidence.
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5.6.8 Management of patients with cardiogenic shock
Cardiogenic shock may develop in up to 3% of NSTE-ACS patients
during hospitalization and has become the most frequent cause of
in-hospital mortality in this setting.382 – 384 One or more partial or
complete vessel occlusions may result in severe heart failure, especially in cases of pre-existing LV dysfunction, reduced cardiac output
and ineffective peripheral organ perfusion. More than two-thirds of
patients have three-vessel CAD. Cardiogenic shock may also be related to mechanical complications of NSTEMI, including mitral regurgitation related to papillary muscle dysfunction or rupture and
ventricular septal or free wall rupture. In patients with cardiogenic
shock, immediate coronary angiography is indicated and PCI is the
most frequently used revascularization modality. If the coronary
anatomy is not suitable for PCI, patients should undergo emergent
CABG. The value of intra-aortic balloon counterpulsation in MI
complicated by cardiogenic shock has been challenged.385 Extracorporeal membrane oxygenation and/or implantable LV assist
devices may be considered in selected patients.

An invasive strategy (<72 h) is
recommended in patients with at least
one of the following intermediate-risk
criteria:
– diabetes mellitus
– renal insufficiency (eGFR
,60 mL/min/1.73 m2)
– LVEF ,40% or congestive heart
failure
– early post-infarction angina
– recent PCI
– prior CABG
– GRACE risk score .109 and
,140,
or recurrent symptoms or ischaemia on
non-invasive testing.
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5.7 Gender specificities (see Web addenda)
5.8 Special populations and conditions
(see Web addenda)
5.8.1 The elderly and frail patients (see Web addenda)
5.8.1.1 Recommendations for the management of elderly patients with
non-ST-elevation acute coronary syndromes
Recommendations for the management of elderly
patients with non-ST-elevation acute coronary
syndromes

Recommendations

I

Elderly patients should be considered
for an invasive strategy and, if
appropriate, revascularization after
careful evaluation of potential risks
and benefits, estimated life expectancy,
comorbidities, quality of life, frailty and
patient values and preferences.

IIa

Adjusted dosing regimens of
beta-blockers, ACE inhibitors, ARBs
and statins should be considered to
prevent side effects.

IIa

Ref.c

408,
414–
418

C

ACE ¼ angiotensin-converting enzyme; ARB ¼ angiotensin receptor blocker;
NSTE-ACS ¼ non-ST-elevation acute coronary syndromes.
a
Class of recommendation.
b
Level of evidence.
c
References supporting level of evidence.

5.8.2 Diabetes mellitus (see Web addenda)
5.8.2.1 Recommendations for the management of diabetic patients with
non-ST-elevation acute coronary syndromes

Recommendations for the management of diabetic
patients with non-ST-elevation acute coronary
syndromes

Recommendations

Classa Levelb

Blood glucose control
It is recommended to screen all
patients with NSTE-ACS for diabetes
and to monitor blood glucose levels
frequently in patients with known
diabetes or admission hyperglycaemia.

I

C

C

Less stringent glucose control
should be considered both in the
acute phase and at follow-up in
patients with more advanced
cardiovascular disease, older age,
longer diabetes duration and more
comorbidities.

IIa

C

Antithrombotic treatment and invasive strategy
It is recommended to administer
the same antithrombotic treatment
in diabetic and non-diabetic
patients.

C

A

IIa

Ref.c

I

C

I

A

It is recommended to monitor renal
function for 2– 3 days after coronary
angiography or PCI in patients with
baseline renal impairment or on
metformin.

I

C

In patients undergoing PCI,
new-generation DESs are
recommended over BMSs.

I

A

240,
241,
443

In patients with stabilised multivessel
CAD and an acceptable surgical
risk, CABG is recommended over
PCI.

I

A

379,
436,
444

In patients with stabilised multivessel
CAD and a SYNTAX score ≤22, PCI
should be considered as an alternative
to CABG.

IIa

B

435,
445

An invasive strategy is recommended
over non-invasive management.

352,
441,
442

ACS ¼ acute coronary syndromes; BMS ¼ bare-metal stent; CABG ¼ coronary
artery bypass grafting; CAD ¼ coronary artery disease; DES ¼ drug-eluting
stent; NSTE-ACS ¼ non-ST-elevation acute coronary syndromes;
PCI ¼ percutaneous coronary intervention; SYNTAX ¼ SYNergy
between percutaneous coronary intervention with TAXus and
cardiac surgery.
a
Class of recommendation.
b
Level of evidence.
c
References supporting level of evidence.
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It is recommended to tailor
antithrombotic treatment according
to bodyweight and renal function.

Classa Levelb

Glucose-lowering therapy should
be considered in ACS patients with
blood glucose .10 mmol/L
(.180 mg/dL), with the target
adapted to comorbidities, while
episodes of hypoglycaemia should be
avoided.
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5.8.3 Chronic kidney disease (see Web addenda)
5.8.3.1 Dose adjustment of antithrombotic agents (see Web addenda)
5.8.3.2 Recommendations for the management of patients with chronic
kidney disease and non-ST-elevation acute coronary syndromes

Recommendations for the management of patients
with chronic kidney disease and non-ST-elevation
acute coronary syndromes

Recommendations
It is recommended to assess kidney
function by eGFR in all patients.

I

I

Depending on the degree of renal
dysfunction, it is recommended to
switch parenteral anticoagulation to
UFH or to adjust the doses of
fondaparinux, enoxaparin and
bivalirudin, as well as the dose of small
molecule GPIIb/IIIa inhibitors.

I

It is recommended to switch s.c. or i.v.
anticoagulation to UFH infusion adjusted
to the aPTT when eGFR is ,30 mL/min/
1.73 m2 (for fondaparinux, when eGFR is
,20 mL/min/1.73 m2).

I

Ref.c

C

B

B

453,
454

453,
454

C

In patients undergoing an invasive
strategy, hydration with isotonic saline
and low- or iso-osmolar contrast
media (at lowest possible volume) are
recommended.

I

Coronary angiography and, if needed,
revascularization are recommended
after careful assessment of the risk –
benefit ratio, in particular with respect
to the severity of renal dysfunction.

I

B

448

In patients undergoing PCI,
new-generation DESs are
recommended over BMSs.

I

B

461,
462

CABG should be considered over PCI
in patients with multivessel CAD
whose surgical risk profile is acceptable
and life expectancy is .1 year.

IIa

B

463,
464

PCI should be considered over
CABG in patients with multivessel
CAD whose surgical risk profile
is high or life expectancy is ,1 year.

IIa

B

465,
466

A

455–
460

a
PTT ¼ activated partial thromboplastin time; BMS ¼ bare metal stent; CABG ¼
coronary artery bypass graft; CAD ¼ coronary artery disease; CKD ¼ chronic
kidney disease; DES ¼ drug-eluting stent; eGFR ¼ estimated glomerular filtration
rate; GP ¼ glycoprotein; i.v. ¼ intravenous; PCI ¼ percutaneous coronary
intervention; s.c. ¼ subcutaneous; UFH ¼ unfractionated heparin.
a
Class of recommendation.
b
Level of evidence.
c
References supporting level of evidence.

5.8.4.1 Recommendations for the management of patients with
acute heart failure in the setting of non-ST-elevation acute
coronary syndromes

Recommendations for the management of patients
with acute heart failure in the setting of non-STelevation acute coronary syndromes

Recommendations

Classa Levelb

Ref.c

It is recommended to perform
emergency echocardiography to
assess LV and valvular function
and exclude mechanical
complications.

I

C

Immediate coronary angiography is
recommended in patients with
acute heart failure with refractory
angina, ST deviation or cardiogenic
shock.

I

B

1,
475,
476

Immediate PCI is recommended for
patients with cardiogenic shock if
coronary anatomy is suitable.

I

B

475

Emergency CABG is recommended
for patients with cardiogenic shock if
the coronary anatomy is not amenable
to PCI.

I

B

475

It is recommended that patients with
mechanical complications of NSTEACS are immediately discussed by the
Heart Team.

I

C

IABP insertion should be considered in
patients with haemodynamic
instability/cardiogenic shock due to
mechanical complications.

IIa

C

Short-term mechanical circulatory
support in patients with cardiogenic
shock may be considered.

IIb

C

Routine use of IABP in patients with
cardiogenic shock is not
recommended.

III

B

477

CABG ¼ coronary artery bypass grafting; IABP ¼ intra-aortic balloon pump;
LV ¼ left ventricular; NSTE-ACS = non-ST-elevation acute coronary syndromes;
PCI ¼ percutaneous coronary intervention.
With respect to detailed medical management of acute heart failure, we refer the
reader to dedicated guidelines.469
a
Class of recommendation.
b
Level of evidence.
c
References supporting level of evidence.
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It is recommended to administer the
same first-line antithrombotic
treatment as in patients with normal
kidney function, with appropriate dose
adjustment if indicated.

Classa Levelb

5.8.4 Left ventricular dysfunction and heart failure
(see Web addenda)
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5.8.4.2 Recommendations for the management of patients with
heart failure following non-ST-elevation acute coronary syndromes

Recommendations for the management of patients
with heart failure following non-ST-elevation acute
coronary syndromes

Recommendations

Classa Levelb

Recommendations for the management of atrial
fibrillation in patients with non-ST-elevation acute
coronary syndromes

Ref.c

A beta-blocker is recommended
in patients with an LVEF ≤40%
after stabilization, to reduce the
risk of death, recurrent MI and
hospitalization for heart failure.

I

Mineralocorticoid receptor
antagonists are recommended to
reduce the risk of heart failure
hospitalization and death in all
patients with persistent symptoms
(NYHA class II –IV) and LVEF ≤35%
despite treatment with an ACE
inhibitor (or an ARB, if an ACE
inhibitor is not tolerated) and a
beta-blocker.

I

Mineralocorticoid receptor
antagonists, preferably eplerenone,
are recommended to reduce the risk
of cardiovascular hospitalization and
death in patients with LVEF ≤40%.

I

I

IIa

A

A

A

B

A

B

469,
478–
481

469,
482–
486

487,
488

469,
525

489,
490

491,
492

ACE ¼ angiotensin-converting enzyme; ARB ¼ angiotensin receptor blocker;
CAD ¼ coronary artery disease; CRT-D ¼ cardiac resynchronization therapy
defibrillator; ICD ¼ implantable cardioverter defibrillator; LV ¼ left
ventricular; LVEF ¼ left ventricular ejection fraction; MI ¼ myocardial
infarction; NYHA ¼ New York Heart Association.
a
Class of recommendation.
b
Level of evidence.
c
References supporting level of evidence.

Classa Levelb

Ref.c

In the absence of contraindications, it
is recommended to administer
anticoagulant drugs to all patients at
presentation.

I

A

Investigations to detect ischaemia should
be considered in patients with atrial
fibrillation and elevated cardiac troponin
levels.

IIa

C

Electrical cardioversion is
recommended in haemodynamically
unstable patients.

I

C

Electrical or pharmacological
cardioversion with amiodarone is
recommended in patients when a
decision is made to restore sinus
rhythm non-urgently (rhythm control
strategy). This strategy should only be
employed in patients with the first
episode of atrial fibrillation of ,48 h
duration (or in patients with no
evidence of left atrial appendage
thrombus on TOE) or if the patient
was anticoagulated in the therapeutic
range for at least 3 weeks.

I

C

Intravenous beta-blockers are
recommended to slow the rapid
ventricular response to atrial
fibrillation in haemodynamically stable
patients.

I

C

Intravenous administration of cardiac
glycosides may be considered for
ventricular rate control if the
response to beta-blockers is not
sufficient.

IIb

C

Intravenous administration of
non-dihydropyridine calcium
antagonists (verapamil, diltiazem) may
be considered to slow a rapid
ventricular response to atrial fibrillation
in patients not on beta-blockers and
with no signs of heart failure.

IIb

C

Administration of class I
antiarrhythmic agents (e.g. encainide,
flecainide) is not recommended.

III

B

498

Vernakalant is not recommended.

III

C

493

497
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I

In patients with CAD and LVEF
≤35%, testing for residual ischaemia
and subsequent revascularization
should be considered prior to
primary prophylactic ICD/CRT-D
implantation. After revascularization,
assessment of reverse LV remodelling
up to 6 months should be considered
prior to primary prophylactic ICD/
CRT-D implantation.

5.8.5.1 Recommendations for the management of atrial fibrillation in
patients with non-ST-elevation acute coronary syndromes

Recommendations

An ACE inhibitor (or ARB, if an ACE
inhibitor is not tolerated) is
recommended in patients with LVEF
≤40% after stabilization, to reduce
the risk of death, recurrent MI and
hospitalization for heart failure.

Device therapy (CRT-D or ICD,
depending on QRS duration) is
recommended in symptomatic
patients with severe LV dysfunction
(LVEF ≤35%) despite optimal
medical therapy .40 days after the
acute event and without options of
revascularization. Patients should be
expected to survive .1 year with
good functional status.

5.8.5 Atrial fibrillation (see Web addenda)

Patients with rapid ventricular rate

TOE ¼ transoesophageal echocardiography.
a
Class of recommendation.
b
Level of evidence.
c
References supporting level of evidence.
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5.8.6 Anaemia (see Web addenda)
5.8.7 Thrombocytopenia
5.8.7.1 Thrombocytopenia related to GPIIb/IIIa inhibitors (Web addenda)
5.8.7.2 Heparin-induced thrombocytopenia (Web addenda)
5.8.7.3 Recommendations for the management of thrombocytopenia in
non-ST-elevation acute coronary syndromes
Recommendations for the management of
thrombocytopenia in non-ST-elevation acute
coronary syndromes

Recommendations

Classa Levelb

I

C

In patients treated with GP IIb/IIIa
inhibitors, platelet transfusion is
recommended in case of major active
bleeding events or in the presence of
severe (,10 000/mL) asymptomatic
thrombocytopenia.

I

C

Treatment with a non-heparin
anticoagulant is recommended in case
of documented or suspected HIT.

I

C

Use of anticoagulants with low or no
risk of HIT or brief administration of
UFH or LMWH, when these are
chosen, are recommended to prevent
the occurrence of HIT.

I

C

5.9.1.2 Antithrombotic therapy
Duration of antiplatelet treatment and anticoagulation during the
chronic phase are discussed in sections 5.2.6 and 5.3.2, respectively.

GP ¼ glycoprotein; HIT ¼ heparin-induced thrombocytopenia; LMWH ¼ low
molecular weight heparin; UFH ¼ unfractionated heparin.
a
Class of recommendation.
b
Level of evidence.
c
References supporting level of evidence.

5.8.8 Patients requiring chronic analgesic or
anti-inflammatory treatment (see Web addenda)
5.8.9 Non-cardiac surgery (see Web addenda)

5.9 Long-term management
5.9.1 Medical therapy for secondary prevention
Secondary prevention of CV events, including optimal medical therapy,
other strategies for risk factor modification and lifestyle changes such as
diet, exercise and smoking cessation, is of paramount importance because after an ACS episode, patients remain at high risk for recurrent
ischaemic events.521 Secondary prevention has been shown to have a
major impact on long-term outcome in these patients.478,479,482,521 – 526
5.9.1.1 Lipid-lowering treatment
It is recommended to initiate high-intensity statin therapy [i.e. statin
regimens that reduce low-density lipoprotein (LDL) cholesterol by
50%] as early as possible after admission in all NSTE-ACS patients
(in the absence of contraindications). The intensity of statin therapy

5.9.1.3 ACE inhibition
ACE inhibitors are recommended in patients with systolic LV dysfunction or heart failure, hypertension or diabetes (agents and doses
of proven efficacy should be employed). ARBs are indicated in patients who are intolerant of ACE inhibitors.478 – 480,530,531
5.9.1.4 Beta-blockers
Beta-blockers are recommended, in the absence of contraindications,
in patients with reduced systolic LV function (LVEF ≤40%). Agents
and doses of proven efficacy should be administered.482 – 486 Betablocker therapy has not been investigated in contemporary RCTs
in patients after NSTE-ACS and no reduced LV function or heart failure. In a large-scale observational propensity-matched study in patients with known prior MI, beta-blocker use was not associated
with a lower risk of CV events or mortality.532
5.9.1.5 Mineralocorticoid receptor antagonist therapy
Aldosterone antagonist therapy is recommended in patients with LV
dysfunction (LVEF ≤40%) and heart failure or diabetes after
NSTE-ACS. Eplerenone therapy has been shown to reduce morbidity and mortality in these patients after ACS.487,488,525
5.9.1.6 Antihypertensive therapy
Antihypertensive therapy (blood pressure goal ,140/90 mmHg)
is recommended according to the European Society of
Hypertension/ESC guidelines on the management of arterial
hypertension.533
5.9.1.7 Glucose-lowering therapy in diabetic patients
This topic is beyond the scope of the present document and was discussed in recent guidelines.433 As a general rule, the more advanced
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Immediate interruption of GPIIb/IIIa
inhibitor and/or heparin (UFH,
LMWH, other heparin products) is
recommended in case of
thrombocytopenia ,100 000/mL (or
.50% relative drop from baseline
platelet count) occurring during
treatment.

Ref.c

should be increased in those receiving a low- or moderate-intensity
statin treatment at presentation, unless they have a history of intolerance to high-intensity statin therapy or other characteristics
that may influence safety.522,527,528 In this regard, the IMProved Reduction of Outcomes: Vytorin Efficacy International Trial
(IMPROVE-IT) randomized a total of 18 144 patients with recent
ACS (NSTEMI 47%, STEMI 29% and unstable angina 24%) and
LDL cholesterol ,125 mg/dL (,2.5 mmol/L) to either ezetimibe
10 mg/simvastatin 40 mg or simvastatin 40 mg (simvastatin was
up-titrated to 80 mg if LDL cholesterol was .79 mg/dL or
2.04 mmol/L). Over a period of 7 years, the composite primary endpoint of CV death, MI, hospital admission for unstable angina, coronary
revascularization or stroke was significantly lower in the combined
treatment arm compared with the statin-only arm [32.7% vs. 34.7%;
HR 0.94 (95% CI 0.89, 0.99), P ¼ 0.016].529 IMPROVE-IT was the first
study powered for clinical outcomes to show a modest benefit with a
non-statin agent added to a statin. As a limitation, not all patients in the
control arm were on a high-intensity statin regimen. Based on the results of the trial, further LDL cholesterol lowering with a non-statin
agent should be considered in patients with LDL cholesterol
≥70 mg/dL (≥1.8 mmol/L) after NSTE-ACS despite a maximally
tolerated dose of statin. At the time of finalizing the guidelines, this
recommendation applies only to ezetimibe.
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the CV disease, the older the patient, the longer the diabetes duration and the more comorbidities that are present, the less stringent
the glucose control should be.
Core components and goals of cardiac rehabilitation, including
physical activity counselling, diet/nutrition counselling, smoking cessation, weight control and goals for lipid and blood pressure management should be stated in the discharge letter.534

5.9.3 Recommendations for long-term management after
non-ST-elevation acute coronary syndromes
Recommendations for long-term management after
non-ST-elevation acute coronary syndromes
Recommendations (for the
Classa Levelb
recommendations on antithrombotic
treatment, see sections 5.2.9 and 5.3.3)
It is recommended to advise all
patients on lifestyle changes (including
smoking cessation, regular physical
activity and a healthy diet).
It is recommended to start
high-intensity statin therapy as early as
possible, unless contraindicated, and
maintain it long term.

I

I

I

Beta-blocker therapy is recommended
in patients with LVEF ≤40%, unless
contraindicated.

I

A diastolic blood pressure goal of ,90
mmHg is recommended (,85 mmHg
in diabetic patients).

A

536,
537

A

522,
527,
528

A

535,
541–
546

In patients with LDL cholesterol
≥70 mg/dL (≥1.8 mmol/L) despite a
maximally tolerated statin dose, further
reduction in LDL cholesterol with a
non-statin agente should be considered.

IIa

B

529

A systolic blood pressure goal
of ,140 mmHg should be considered.

IIa

B

547–
549

ACE ¼ angiotensin-converting enzyme; ARB ¼ angiotensin receptor blocker;
LDL ¼ low-density lipoprotein; LVEF ¼ left ventricular ejection fraction;
NSTE-ACS ¼ non-ST-elevation acute coronary syndromes.
a
Class of recommendation.
b
Level of evidence.
c
References supporting level of evidence.
d
Serum creatinine ,221 mmol/L (2.5 mg/dL) for men and ,177 mmol/L
(2.0 mg/dL) for women; serum potassium concentration ,5.0 mmol/L.
e
At the time of finalizing the guidelines, this recommendation applies only to ezetimibe.

6. Performance measures
Variations in the application of evidence-based strategies are associated
with significant differences in outcome. Several large registries have
shown deficiencies in the treatment of NSTE-ACS patients when compared with recommendations from contemporary guidelines. Underutilization of evidence-based treatments is common. Adherence to
guidelines has been correlated with improvements in patient outcomes
in ACS, including reduced mortality.550,551 Thus priority needs to be given to improving the utilization of evidence-based guidelines. Continuous monitoring of performance indicators is strongly encouraged to
enhance the quality of treatment and minimize unwarranted variations
in evidence-based care. Consistent application of therapies based on
Table 14 Performance measures in NSTE-ACS
patients
• Use of aspirin
• Use of ticagrelor/prasugrel/clopidogrel

An ACE inhibitor is recommended in
patients with LVEF ≤40% or heart
failure, hypertension or diabetes,
unless contraindicated. An ARB
provides an alternative, particularly if
ACE inhibitors are not tolerated.

Mineralocorticoid receptor
antagonists, preferably eplerenone, are
recommended in patients with LVEF
≤35% and either heart failure or
diabetes after NSTE-ACS but no
significant renal dysfunction or
hyperkalaemia.d

Ref.c

IIa

A

A

478–
481,
530,
531,
538
482–
486

• Use of fondaparinux/bivalirudin/UFH/enoxaparin
• Use of beta-blocker at discharge in patients with LV dysfunction
• Use of statins
• Use of ACE-inhibitor or ARB in patients with systolic LV dysfunction
or heart failure, hypertension or diabetes
• Use of early invasive procedures in intermediate- to high-risk patients
• Smoking cessation advice/counselling
• Enrolment in a secondary prevention/ cardiac rehabilitation
programme

I

I

A

487,
488,
525

A

539,
540

• Development of regional and/or national programmes to measure
performance indicators systematically and provide feedback to
individual hospitals
ACE ¼ angiotensin-converting enzyme; ARB ¼ angiotensin receptor blocker;
LV ¼ left ventricular; NSTEMI ¼ non-ST-elevation myocardial infarction;
UFH ¼ unfractionated heparin.
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5.9.2 Lifestyle changes and cardiac rehabilitation
Enrolment in a well-structured cardiac rehabilitation/secondary prevention programme after NSTE-ACS should be considered, as it can
enhance patient compliance with the medical regimen and promote
lifestyle changes, including regular physical exercise and smoking cessation, and allows for dietary counselling.521,535 Aerobic exercise training within a cardiac rehabilitation programme should be offered to
patients after NSTE-ACS, with the need for an evaluation of both exercise capacity and exercise-associated risk. If feasible, regular exercise
training three or more times a week and 30 min per session is recommended. Sedentary patients should be strongly encouraged to start
light-intensity exercise programmes after adequate exercise-related
risk stratification. Smoking cessation is a highly effective measure to reduce morbidity and mortality in patients after ACS.521,536

Participation in a well-structured cardiac
rehabilitation programme to modify
lifestyle habits and increase adherence
to treatment should be considered.
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robust evidence may have larger effects on real-life CV health than
those seen in selected trial populations, especially with the combined
implementation of several effective treatment modalities. Such programmes have been implemented successfully in several countries, including Sweden [the Swedish Web-system for Enhancement and
Development of Evidence-based care in Heart disease Evaluated According to Recommended Therapies (SWEDEHEART)], the UK
[Myocardial Infarction National Audit Project (MINAP) registry],
Germany, Italy and Israel on a regional basis, or in intermittent programmes in many other countries. These performance measure
programmes are also proposed and developed by the ESC through
the continuous ACS Registry within the Euro Heart Survey Program.
The most useful performance indicators for monitoring and improving the standards of care in NSTEMI are listed in Table 14.

This section summarises the diagnostic and therapeutic steps discussed in the previous sections. The goal is to outline the most important steps in the management of patients with NSTE-ACS. In each
individual patient, decision making should take into account the patient’s history (e.g. age, comorbidities), clinical presentation (e.g. ongoing myocardial ischaemia, haemodynamic or electrical instability),
findings obtained during the initial assessment (i.e. ECG, cardiac troponin), timing and expected risk–benefit ratio of available therapies (i.e.
pharmacological, invasive assessment, revascularization).

Step 1: Initial evaluation and pathway
Chest pain or other atypical symptoms prompt the patient to seek
medical attention. All patients with suspected NSTE-ACS must be
admitted to an emergency department and evaluated rapidly by a
qualified physician. The delay between first medical contact and
ECG should be ≤10 min. The cardiac rhythm of the patient should
be monitored (Table 7).
The working diagnosis of NSTE-ACS and the initial management
should be based on the following parameters:
† Chest pain characteristics, duration and persistence as well as a
symptom-oriented physical examination (e.g. systolic blood pressure,
heart rate, cardiopulmonary auscultation, Killip classification)
† Assessment of the probability of CAD based on chest pain characteristics, age, gender, CV risk factors, known CAD and noncardiac manifestations of atherosclerosis
† 12-lead ECG (to detect ST deviation or other abnormalities suggestive of myocardial ischaemia or necrosis)
On the basis of these findings, the patient can be assigned to one of
four working diagnoses:
†
†
†
†

STEMI
NSTE-ACS with ongoing ischaemia or haemodynamic instability
NSTE-ACS without ongoing ischaemia or haemodynamic instability
NSTE-ACS unlikely

The treatment of patients with STEMI is covered in the respective
ESC guidelines.1 The assignment to the category ‘unlikely’ must be
done with caution, especially in patients with a specific condition,
such as the elderly and those with diabetes mellitus, and only
when another explanation is obvious. The initial treatment measure
should include nitrates (sublingual or i.v.) if there is persisting chest

pain, hypertension or heart failure. Oxygen therapy should be applied
in the presence of a blood oxygen saturation ,90% or respiratory
distress. Morphine (i.v. or s.c.) or alternative opiates are reserved
for patients with persisting severe chest pain. In patients with ongoing
chest pain and inconclusive ECG, consider immediate echocardiography to exclude alternative diagnoses (if appropriate in conjunction
with CT angiography) such as pulmonary embolism, pericarditis or
aortic dissection and at the same time to reinforce the suspicion of
NSTE-ACS (i.e. by identifying a focal wall motion abnormality). In
the setting of ongoing myocardial ischaemia or haemodynamic compromise (the clinical suspicion should be corroborated by the echocardiographic finding of regional wall motion abnormality) the patient
should undergo immediate coronary angiography irrespective of ECG
or biomarker findings to prevent life-threatening ventricular arrhythmias and limit myocardial necrosis. Blood work on admission should
include at least (preferably high-sensitivity) cardiac troponin T or I,
serum creatinine, haemoglobin, haematocrit, platelet count, blood
glucose and INR in patients on VKA. The results of the troponin measurements should be available within 60 min and troponin measurement should be repeated at 1–3 h if high-sensitivity troponin assays
are used. Vital signs should be assessed on a regular basis. In case of
hospital admission, guidance in the choice of the unit is described in
Table 7. Patients with suspected NSTE-ACS should be observed in
interdisciplinary emergency departments or chest pain units until
the diagnosis of MI is confirmed or ruled out. If the diagnosis of
NSTE-ACS is confirmed, the lipid profile should be assessed in the
early phase of admission. In case of ongoing ischaemia, defibrillator
patches should be placed until urgent revascularization is performed.
It is recommended that medical and paramedical personnel caring for
suspected NSTE-ACS patients have access to defibrillator equipment
and are trained in advanced cardiac life support.

Step 2: Diagnosis validation, risk
assessment and rhythm monitoring
Once the initial clinical assessment, complemented by the 12-lead
ECG and the first cardiac troponin measurement, has substantiated the diagnosis of NSTE-ACS, antithrombotic treatment (as
described in step 3) as well as anti-anginal treatment (i.e. betablockers and nitrates) should be started. Further management of
the patient is based on responsiveness to anti-anginal treatment
and risk assessment, as quantified by the GRACE 2.0 risk score
(http://www.gracescore.org/WebSite/default.
aspx?ReturnUrl=%2f), as well as on results of the subsequent
troponin measurement (at 1 – 3 h, if high-sensitivity assays are
used). Echocardiography is useful to identify abnormalities suggestive of myocardial ischaemia or necrosis (i.e. segmental hypokinesia or akinesia) and should be performed immediately in patients
with haemodynamic instability of suspected CV origin. If aortic dissection or pulmonary embolism is suspected, echocardiography,
D-dimer assessment and CT angiography should be implemented
according to the respective ESC guidelines.42,43 Rhythm monitoring up to 24 hours or PCI (whichever comes first) should be considered in NSTEMI patients at low risk for cardiac arrhythmias (i.e.
with none of the following criteria: haemodynamically unstable,
major arrhythmias, LVEF ,40%, failed reperfusion, additional critical coronary stenoses or complications related to PCI). Rhythm
monitoring for .24 hours should be considered in NSTEMI patients at intermediate to high-risk for cardiac arrhythmias (i.e. if
one or more of the above criteria are present).
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Step 3: Antithrombotic treatment
The choice of the antithrombotic regimen in NSTE-ACS should be
based on the selected management strategy (i.e. conservative vs. invasive) as well as the chosen revascularization modality (PCI vs.
CABG). Dosing of antithrombotic agents (Tables 8, 10 and 11) should
take into account patient age and renal function. Aspirin and parenteral anticoagulation are recommended. In patients intended for a
conservative treatment and not at high bleeding risk, ticagrelor (preferred over clopidogrel) is recommended once the NSTEMI diagnosis is established. In patients intended for an invasive strategy, the
optimal timing of the administration of ticagrelor (preferred over clopidogrel) has not been adequately investigated, while prasugrel is recommended only after coronary angiography prior to PCI.

Step 4: Invasive strategy

† Immediate invasive strategy (<2 h). Paralleling the STEMI
pathway, this strategy should be undertaken for patients with ongoing ischaemia, characterized by at least one very-high-risk criterion. Centres without ongoing STEMI programmes should
transfer the patient immediately.
† Early invasive strategy (<24 h). Most patients in this category
respond to the initial pharmacological treatment but are at increased risk and need early angiography followed by revascularization. Patients qualify if they have at least one high-risk criterion.
This implies timely transfer for patients admitted to hospitals
without onsite catheterization facilities.
† Invasive strategy (<72 h). This is the recommended maximal
delay for coronary angiography in patients without recurrence of
symptoms but with at least one intermediate-risk criterion. Urgent transfer to a hospital with onsite catheterization facilities
is not necessary, but the 72 h window for coronary angiography
should be complied with.
† Selective invasive strategy. Patients with no recurrence of chest
pain, no signs of heart failure, no abnormalities in the initial or subsequent ECG and no increase in (preferably high-sensitivity) cardiac
troponin level are at low risk of subsequent CV events. In this setting,
a non-invasive stress test (preferably with imaging) for inducible ischaemia is recommended before deciding on an invasive strategy.

Step 5: Revascularization modalities
In the absence of dedicated trials, recommendations for PCI and
CABG in stabilised NSTE-ACS are similar to those for stable CAD.
In patients with single-vessel disease, PCI with stenting of the culprit
lesion is the first choice. In patients with multivessel disease, the decision for PCI or CABG should be individualized through consultation
with the Heart Team. A sequential approach, consisting of treating
the culprit lesion with PCI followed by elective CABG with proof of
ischaemia and/or FFR of the non-culprit lesions, may be advantageous
in selected patients. In patients on a single antiplatelet agent (aspirin)
undergoing PCI, the addition of a P2Y12 inhibitor (prasugrel or ticagrelor preferred over clopidogrel) is recommended. The anticoagulant
should be selected based on both the ischaemic and bleeding risks

Step 6: Hospital discharge and
post-discharge management
Although in NSTE-ACS most adverse events occur in the early
phase, the risk for MI or death remains elevated over several
months. Intense risk factor modification and lifestyle changes are
warranted in all patients following NSTE-ACS, and enrolment in a
cardiac rehabilitation programme after discharge can enhance patient adherence to the medical regimen, may be supportive of risk
factor modification and is associated with improved outcomes.

8. Gaps in evidence
† The role of genetic testing to individualize treatment and ultimately improve patient outcomes remains to be established.
† While both sensitive and high-sensitivity cardiac troponin assays
show superior diagnostic accuracy compared with conventional
assays, it is unknown whether high-sensitivity assays provide a
clinically meaningful advantage over sensitive assays and whether
there are clinically relevant differences among various highsensitivity assays. The incremental value of copeptin over highsensitivity cardiac troponin assays remains to be fully elucidated.
† The performance of the 1 h algorithm to rule in and rule out
acute MI in patients presenting with chest pain to the emergency
department has not been tested within an RCT. The best management of patients assigned to the ‘observational zone’ according to the 1 h algorithm remains to be defined.
† The role of CT angiography as a rule-out tool for acute MI in the
emergency department needs to be reassessed in the context of
high-sensitivity cardiac troponin assays.
† The development of a single clinical risk score that assesses both
ischaemic and bleeding risks would be desirable.
† The role of beta-blockers during and after an NSTE-ACS episode
in patients with normal or mildly depressed LV function needs to
be investigated.
† The optimal timing of ticagrelor administration in patients intended for an invasive strategy needs to be defined.
† Additional data are necessary to establish the optimal duration of
dual antiplatelet therapy following stent implantation.
† The development of antidotes to normalise haemostasis in patients with ongoing major bleeding events while on P2Y12 inhibitors or NOACs should be accelerated.
† The safety, effectiveness and optimal duration of combined
oral anticoagulant and antiplatelet therapy in patients requiring
chronic oral anticoagulation deserves further investigation.
† While several RCTs have compared CABG and PCI in populations comprising mainly stable CAD patients with multivessel disease, contemporary comparative investigations in the NSTE-ACS
setting are lacking.
† The value of FFR-guided PCI in NSTE-ACS requires adequate
investigation.
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Radial access for coronary angiography and, if needed, revascularization is recommended. Strategies to reduce bleeding complications
related to PCI are summarised in Table 12. The timing of angiography (calculated from first medical contact) can be classified into
four categories based on the risk profile of the individual patient according to Table 13 and Figure 6.

and should not be changed during PCI. In patients pretreated with fondaparinux, UFH must be added before PCI. In anticoagulant-naive patients, consider bivalirudin. If CABG is planned and the patient is on a
P2Y12 inhibitor, this should be stopped and surgery deferred if the clinical condition and the angiographic findings permit. If coronary angiography shows no options for revascularization, owing to the extent of
the lesions and/or poor distal run-off, freedom from angina should be
aimed for by intensifying medical therapy.
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† The burden of late CV events despite optimal pharmacological
treatment, including effective P2Y12 inhibitors and statins, calls
for reappraisal of the pathophysiology of these adverse outcomes
and innovative preventive strategies.
† Clinical trials are under way to examine whether a profound LDL
cholesterol – lowering or immune-modulating therapy (e.g.
PCSK-9 inhibition, intense CETP inhibition, methotrexate or
monoclonal anti-IL-1b antibodies) in addition to maximally tolerated statin treatment may improve long-term prognosis.
† The optimal haemoglobin/haematocrit threshold that should trigger blood transfusion in anaemic patients with NSTE-ACS needs
to be determined.

Invasive strategy
5

6

9. To do and not to do messages
from the guidelines

Reecommendations

Classa Levelb

Diagnosis
1

2

Similarly to the 0 h and 3 h protocol, a rapid
rule-out and rule-in protocol at 0 h and 1 h
is recommended if a high-sensitivity cardiac
troponin test with a validated 0 h/1 h
algorithm is available. Additional testing after
3–6 h is indicated if the first two troponin
measurements are not conclusive and the
clinical condition is still suggestive of ACS.

I

Echocardiography is recommended to
evaluate regional and global LV function and
to rule in or rule out differential diagnoses.

I

B

4

8
C
9

A P2Y12 inhibitor is recommended, in
addition to aspirin, for 12 months unless
there are contraindications such as
excessive risk of bleeds.

I

† Ticagrelor (180 mg loading dose, 90 mg
twice daily) is recommended, in the
absence of contraindications,c for all
patients at moderate to high risk of
ischaemic events (e.g. elevated cardiac
troponins), regardless of initial treatment
strategy and including those pretreated
with clopidogrel (which should be
discontinued when ticagrelor is started).

I

A

B

† Prasugrel (60 mg loading dose, 10 mg
daily dose) is recommended in patients
who are proceeding to PCI if there are
no contraindications.c

I

B

† Clopidogrel (300–600 mg loading dose,
75 mg daily dose) is recommended for
patients who cannot receive ticagrelor
or prasugrel or who require oral
anticoagulation.

I

B

III

B

It is not recommended to administer
prasugrel in patients in whom the
coronary anatomy is not known.

C

An early invasive strategy (,24 h) is
recommended in patients with at least one
of the following high-risk criteria: rise or
fall in cardiac troponin compatible with MI;
dynamic ST- or T-wave changes
(symptomatic or silent); GRACE score
.140.

I

A

An invasive strategy (,72 h) is
recommended in patients with at least one
of the following intermediate-risk criteria:
W diabetes mellitus
W renal insufficiency (eGFR ,60 mL/
min/1.73 m2)
W LVEF ,40% or congestive heart
failure
W early post-infarction angina
W recent PCI
W prior CABG
W GRACE risk score .109 and ,140

I

A

In centres experienced with radial access,
a radial approach is recommended for
coronary angiography and PCI.

I

A

In patients with multivessel CAD, it is
recommended to base the
revascularization strategy (e.g. ad hoc
culprit-lesion PCI, multivessel PCI, CABG)
on the clinical status and comorbidities as
well as the disease severity (including
distribution, angiographic lesion
characteristics, SYNTAX score) according
to the local Heart Team protocol.

I

C

I

A

Coronary revascularization

Antiplatelet treatment
3

I

Secondary cardiovascular prevention
10

It is recommended to start high-intensity
statin therapy as early as possible, unless
contraindicated, and maintain it long term.

ACS ¼ acute coronary syndromes; CABG ¼ coronary artery bypass graft;
CAD ¼ coronary artery disease; eGFR ¼ estimated glomerular filtration rate;
GRACE ¼ Global Registry of Acute Coronary Events; LV ¼ left ventricular;
LVEF ¼ left ventricular ejection fraction; MI ¼ myocardial infarction; PCI ¼
percutaneous coronary intervention; SYNTAX ¼ SYNergy between
percutaneous coronary intervention with TAXus and cardiac surgery.
a
Class of recommendation.
b
Level of evidence.
c
Contraindications for ticagrelor: previous intracranial haemorrhage or ongoing
bleeds. Contraindications for prasugrel: previous intracranial haemorrhage, previous
ischaemic stroke or transient ischaemic attack or ongoing bleeds; prasugrel is
generally not recommended for patients ≥75 years of age or with a bodyweight
,60 kg.
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7

An immediate invasive strategy (,2 h) is
recommended in patients with at least one
of the following very-high-risk criteria:
haemodynamic instability or cardiogenic
shock; recurrent or ongoing chest pain
refractory to medical treatment;
life-threatening arrhythmias or cardiac
arrest; mechanical complications of MI;
acute heart failure with refractory angina
or ST deviation; recurrent dynamic ST- or
T-wave changes, particularly with
intermittent ST elevation.
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10. Web addenda and companion
documents
All Web figures and Web tables are available in the online addenda
at: http://www.escardio.org/Guidelines-&-Education/ClinicalPractice-Guidelines/Acute-Coronary-Syndromes-ACS-in-patientspresenting-without-persistent-ST-segm
Questions and answers companion manuscripts of these guidelines are available via this same link.
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†
Section Coordinators affiliations: Jean-Philippe Collet, ACTION
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Hoppmann P, Schneider S, Fusaro M, Ott I, Kristensen SD, Ibrahim T,
Massberg S, Schunkert H, Laugwitz K-L, Kastrati A, Sarafoff N. Duration of triple
therapy in patients requiring oral anticoagulation after drug-eluting stent implantation: the ISAR-TRIPLE trial. J Am Coll Cardiol 2015;65:1619 –1629.
248. Lamberts M, Olesen JB, Ruwald MH, Hansen CM, Karasoy D, Kristensen SL,
Kober L, Torp-Pedersen C, Gislason GH, Hansen ML. Bleeding after initiation
of multiple antithrombotic drugs, including triple therapy, in atrial fibrillation patients following myocardial infarction and coronary intervention: a nationwide cohort study. Circulation 2012;126:1185 –1193.
249. Lamberts M, Gislason GH, Olesen JB, Kristensen SL, Schjerning Olsen AM,
Mikkelsen A, Christensen CB, Lip GY, Kober L, Torp-Pedersen C, Hansen ML.
Oral anticoagulation and antiplatelets in atrial fibrillation patients after myocardial
infarction and coronary intervention. J Am Coll Cardiol 2013;62:981 –989.
250. Sie P, Samama CM, Godier A, Rosencher N, Steib A, Llau JV, Van der Linden P,
Pernod G, Lecompte T, Gouin-Thibault I, Albaladejo P. Surgery and invasive procedures in patients on long-term treatment with direct oral anticoagulants:
thrombin or factor-Xa inhibitors. Recommendations of the Working Group on Perioperative Haemostasis and the French Study Group on Thrombosis and Haemostasis.
Arch Cardiovasc Dis 2011;104:669 –676.
251. Valgimigli M, Gagnor A, Calabro P, Frigoli E, Leonardi S, Zaro T, Rubartelli P,
Briguori C, Ando G, Repetto A, Limbruno U, Cortese B, Sganzerla P, Lupi A,
Galli M, Colangelo S, Ierna S, Ausiello A, Presbitero P, Sardella G, Varbella F,
Esposito G, Santarelli A, Tresoldi S, Nazzaro M, Zingarelli A, de Cesare N,
Rigattieri S, Tosi P, Palmieri C, Brugaletta S, Rao SV, Heg D, Rothenbuhler M,
Vranckx P, Juni P. Radial versus femoral access in patients with acute coronary syndromes undergoing invasive management: a randomised multicentre trial. Lancet
2015;385:2465 – 2476.
252. Bangalore S, Toklu B, Amoroso N, Fusaro M, Kumar S, Hannan EL, Faxon DP,
Feit F. Bare metal stents, durable polymer drug eluting stents, and biodegradable
polymer drug eluting stents for coronary artery disease: mixed treatment comparison meta-analysis. BMJ 2013;347:f6625.
253. Dutton RP. Haemostatic resuscitation. Br J Anaesth 2012;109(Suppl 1):i39 –i46.
254. Di Minno G, Silver MJ, Murphy S. Monitoring the entry of new platelets into the
circulation after ingestion of aspirin. Blood 1983;61:1081 – 1085.
255. Vilahur G, Choi BG, Zafar MU, Viles-Gonzalez JF, Vorchheimer DA, Fuster V,
Badimon JJ. Normalization of platelet reactivity in clopidogrel-treated subjects.
J Thromb Haemost 2007;5:82–90.
256. Hansson EC, Shams Hakimi C, Astrom-Olsson K, Hesse C, Wallen H, Dellborg M,
Albertsson P, Jeppsson A. 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.
257. Zafar MU, Santos-Gallego C, Vorchheimer DA, Viles-Gonzalez JF, Elmariah S,
Giannarelli C, Sartori S, Small DS, Jakubowski JA, Fuster V, Badimon JJ. Platelet
function normalization after a prasugrel loading-dose: time-dependent effect of
platelet supplementation. J Thromb Haemost 2013;11:100 –106.
258. Patel RJ, Witt DM, Saseen JJ, Tillman DJ, Wilkinson DS. Randomized, placebocontrolled trial of oral phytonadione for excessive anticoagulation. Pharmacotherapy 2000;20:1159 –1166.
259. Fondevila CG, Grosso SH, Santarelli MT, Pinto MD. Reversal of excessive oral anticoagulation with a low oral dose of vitamin K1 compared with acenocoumarine
discontinuation. A prospective, randomized, open study. Blood Coagul Fibrinolysis 2001;
12:9 –16.
260. Ageno W, Crowther M, Steidl L, Ultori C, Mera V, Dentali F, Squizzato A,
Marchesi C, Venco A. Low dose oral vitamin K to reverse acenocoumarolinduced coagulopathy: a randomized controlled trial. Thromb Haemost 2002;88:
48 –51.
261. Ageno W, Garcia D, Silingardi M, Galli M, Crowther M. A randomized trial comparing 1 mg of oral vitamin K with no treatment in the management of
warfarin-associated coagulopathy in patients with mechanical heart valves. J Am
Coll Cardiol 2005;46:732 –733.
262. Crowther MA, Ageno W, Garcia D, Wang L, Witt DM, Clark NP, Blostein MD,
Kahn SR, Vesely SK, Schulman S, Kovacs MJ, Rodger MA, Wells P, Anderson D,
Ginsberg J, Selby R, Siragusa S, Silingardi M, Dowd MB, Kearon C. Oral vitamin
K versus placebo to correct excessive anticoagulation in patients receiving warfarin: a randomized trial. Ann Intern Med 2009;150:293 –300.
263. Crowther MA, Julian J, McCarty D, Douketis J, Kovacs M, Biagoni L, Schnurr T,
McGinnis J, Gent M, Hirsh J, Ginsberg J. Treatment of warfarin-associated coagulopathy with oral vitamin K: a randomised controlled trial. Lancet 2000;356:
1551 –1553.

Downloaded from http://eurheartj.oxfordjournals.org/ by guest on December 9, 2015

235.

analysis of 4 recent randomized clinical trials of percutaneous coronary intervention. Circulation 2004;110:994 – 998.
Gilard M, Blanchard D, Helft G, Carrier D, Eltchaninoff H, Belle L, Finet G, Le
Breton H, Boschat J. Antiplatelet therapy in patients with anticoagulants undergoing percutaneous coronary stenting (from STENTing and oral antiCOagulants
[STENTICO]). Am J Cardiol 2009;104:338 –342.
Ruiz-Nodar JM, Marin F, Hurtado JA, Valencia J, Pinar E, Pineda J, Gimeno JR,
Sogorb F, Valdes M, Lip GY. Anticoagulant and antiplatelet therapy use in 426 patients with atrial fibrillation undergoing percutaneous coronary intervention and
stent implantation implications for bleeding risk and prognosis. J Am Coll Cardiol
2008;51:818 –825.
Lip GY, Windecker S, Huber K, Kirchhof P, Marin F, ten Berg JM, Haeusler KG,
Boriani G, Capodanno D, Gilard M, Zeymer U, Lane D, Storey RF, Bueno H,
Collet JP, Fauchier L, Halvorsen S, Lettino M, Morais J, Mueller C, Potpara TS,
Rasmussen LH, Rubboli A, Tamargo J, Valgimigli M, Zamorano JL. Management
of antithrombotic therapy in atrial fibrillation patients presenting with acute coronary syndrome and/or undergoing percutaneous coronary or valve interventions: a joint consensus document of the European Society of Cardiology
working group on thrombosis, European Heart Rhythm Association (EHRA),
European Association of Percutaneous Cardiovascular Interventions (EAPCI)
and European Association of Acute Cardiac Care (ACCA) endorsed by the Heart
Rhythm Society (HRS) and Asia-Pacific Heart Rhythm Society (APHRS). Eur Heart
J 2014;35:3155 –3179.
Beyer-Westendorf J, Gelbricht V, Forster K, Ebertz F, Kohler C, Werth S,
Kuhlisch E, Stange T, Thieme C, Daschkow K, Weiss N. Peri-interventional management of novel oral anticoagulants in daily care: results from the prospective
Dresden NOAC registry. Eur Heart J 2014;35:1888 –1896.
Dewilde WJ, Janssen PW, Kelder JC, Verheugt FW, De Smet BJ, Adriaenssens T,
Vrolix M, Brueren GB, Vandendriessche T, Van Mieghem C, Cornelis K, Vos J,
Breet NJ, ten Berg JM. Uninterrupted oral anticoagulation versus bridging in patients with long-term oral anticoagulation during percutaneous coronary intervention: subgroup analysis from the WOEST trial. EuroIntervention 2015 Mar 5;
10(11). pii: 20140202-08. doi:10.4244/EIJY14M06_07. [Epub ahead of print]
Kiviniemi T, Karjalainen P, Pietila M, Ylitalo A, Niemela M, Vikman S, Puurunen M,
Biancari F, Airaksinen KE. Comparison of additional versus no additional heparin
during therapeutic oral anticoagulation in patients undergoing percutaneous coronary intervention. Am J Cardiol 2012;110:30–35.
Hansen ML, Sorensen R, Clausen MT, Fog-Petersen ML, Raunso J, Gadsboll N,
Gislason GH, Folke F, Andersen SS, Schramm TK, Abildstrom SZ, Poulsen HE,
Kober L, Torp-Pedersen C. Risk of bleeding with single, dual, or triple therapy
with warfarin, aspirin, and clopidogrel in patients with atrial fibrillation. Arch Intern
Med 2010;170:1433 –1441.
Faxon DP, Eikelboom JW, Berger PB, Holmes DR Jr, Bhatt DL, Moliterno DJ,
Becker RC, Angiolillo DJ. Antithrombotic therapy in patients with atrial fibrillation
undergoing coronary stenting: a North American perspective: executive summary. Circ Cardiovasc Interv 2011;4:522–534.
Stettler C, Allemann S, Wandel S, Kastrati A, Morice MC, Schomig A, Pfisterer ME,
Stone GW, Leon MB, de Lezo JS, Goy JJ, Park SJ, Sabate M, Suttorp MJ, Kelbaek H,
Spaulding C, Menichelli M, Vermeersch P, Dirksen MT, Cervinka P, De Carlo M,
Erglis A, Chechi T, Ortolani P, Schalij MJ, Diem P, Meier B, Windecker S, Juni P.
Drug eluting and bare metal stents in people with and without diabetes: collaborative network meta-analysis. BMJ 2008;337:a1331.
Bangalore S, Kumar S, Fusaro M, Amoroso N, Kirtane AJ, Byrne RA, Williams DO,
Slater J, Cutlip DE, Feit F. Outcomes with various drug eluting or bare metal stents
in patients with diabetes mellitus: mixed treatment comparison analysis of 22,844
patient years of follow-up from randomised trials. BMJ 2012;345:e5170.
Bangalore S, Kumar S, Fusaro M, Amoroso N, Attubato MJ, Feit F, Bhatt DL,
Slater J. Short- and long-term outcomes with drug-eluting and bare-metal coronary stents: a mixed-treatment comparison analysis of 117 762 patient-years of
follow-up from randomized trials. Circulation 2012;125:2873 –2891.
Kereiakes DJ, Yeh RW, Massaro JM, Driscoll-Shempp P, Cutlip DE, Steg PG,
Gershlick AH, Darius H, Meredith IT, Ormiston J, Tanguay JF, Windecker S,
Garratt KN, Kandzari DE, Lee DP, Simon DI, Iancu AC, Trebacz J, Mauri L. Antiplatelet therapy duration following bare metal or drug-eluting coronary stents:
the dual antiplatelet therapy randomized clinical trial. JAMA 2015;313:
1113–1121.
Hawn MT, Graham LA, Richman JS, Itani KM, Henderson WG, Maddox TM. Risk
of major adverse cardiac events following noncardiac surgery in patients with coronary stents. JAMA 2013;310:1462 –1472.
Valgimigli M, Patialiakas A, Thury A, McFadden E, Colangelo S, Campo G,
Tebaldi M, Ungi I, Tondi S, Roffi M, Menozzi A, de Cesare N, Garbo R,
Meliga E, Testa L, Gabriel HM, Airoldi F, Ferlini M, Liistro F, Dellavalle A,
Vranckx P, BriguoriC; ZEUS Investigators. Zotarolimus-eluting versus bare-metal
stents in uncertain drug-eluting stent candidates. J Am Coll Cardiol 2015;65:
805 –815.

Page 51 of 59

Page 52 of 59

281. Ndrepepa G, Neumann FJ, Richardt G, Schulz S, Tolg R, Stoyanov KM, Gick M,
Ibrahim T, Fiedler KA, Berger PB, Laugwitz KL, Kastrati A. Prognostic value of access and non-access sites bleeding after percutaneous coronary intervention. Circ
Cardiovasc Interv 2013;6:354 – 361.
282. Marso SP, Amin AP, House JA, Kennedy KF, Spertus JA, Rao SV, Cohen DJ,
Messenger JC, Rumsfeld JS. Association between use of bleeding avoidance strategies and risk of periprocedural bleeding among patients undergoing percutaneous coronary intervention. JAMA 2010;303:2156 – 2164.
283. Schulz-Schupke S, Helde S, Gewalt S, Ibrahim T, Linhardt M, Haas K, Hoppe K,
Bottiger C, Groha P, Bradaric C, Schmidt R, Bott-Flugel L, Ott I, Goedel J,
Byrne RA, Schneider S, Burgdorf C, Morath T, Kufner S, Joner M, Cassese S,
Hoppmann P, Hengstenberg C, Pache J, Fusaro M, Massberg S, Mehilli J,
Schunkert H, Laugwitz KL, Kastrati A. Comparison of vascular closure devices
vs manual compression after femoral artery puncture: the ISAR-CLOSURE randomized clinical trial. JAMA 2014;312:1981 –1987.
284. Shi J, Ji H, Ren F, Wang G, Xu M, Xue Y, Chen M, Qi J, Li L. Protective effects of
tranexamic acid on clopidogrel before coronary artery bypass grafting: a multicenter randomized trial. JAMA Surg 2013;148:538 –547.
285. Held C, Asenblad N, Bassand JP, Becker RC, Cannon CP, Claeys MJ,
Harrington RA, Horrow J, Husted S, James SK, Mahaffey KW, Nicolau JC,
Scirica BM, Storey RF, Vintila M, Ycas J, Wallentin L. Ticagrelor versus clopidogrel
in patients with acute coronary syndromes undergoing coronary artery bypass
surgery: results from the PLATO (PLATelet inhibition and patient Outcomes)
trial. J Am Coll Cardiol 2011;57:672 –684.
286. Mehta RH, Sheng S, O’Brien SM, Grover FL, Gammie JS, Ferguson TB,
Peterson ED. Reoperation for bleeding in patients undergoing coronary artery
bypass surgery: incidence, risk factors, time trends, and outcomes. Circ Cardiovasc
Qual Outcomes 2009;2:583 –590.
287. Paone G, Likosky DS, Brewer R, Theurer PF, Bell GF, Cogan CM, Prager RL. 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.
288. Ferraris VA, Saha SP, Oestreich JH, Song HK, Rosengart T, Reece TB, Mazer CD,
Bridges CR, Despotis GJ, Jointer K, Clough ER. 2012 update to the Society of
Thoracic Surgeons guideline on use of antiplatelet drugs in patients having cardiac
and noncardiac operations. Ann Thorac Surg 2012;94:1761 – 1781.
289. Vivacqua A, Koch CG, Yousuf AM, Nowicki ER, Houghtaling PL, Blackstone EH,
Sabik JF 3rd. Morbidity of bleeding after cardiac surgery: is it blood transfusion,
reoperation for bleeding, or both? Ann Thorac Surg 2011;91:1780 –1790.
290. Hardy JF, Belisle S, Van der Linden P. Efficacy and safety of activated recombinant
factor VII in cardiac surgical patients. Curr Opin Anaesthesiol 2009;22:95–99.
291. Lamy A, Devereaux PJ, Prabhakaran D, Taggart DP, Hu S, Paolasso E, Straka Z,
Piegas LS, Akar AR, Jain AR, Noiseux N, Padmanabhan C, Bahamondes JC,
Novick RJ, Vaijyanath P, Reddy S, Tao L, Olavegogeascoechea PA, Airan B,
Sulling TA, Whitlock RP, Ou Y, Ng J, Chrolavicius S, Yusuf S. Off-pump or onpump coronary-artery bypass grafting at 30 days. N Engl J Med 2012;366:
1489 –1497.
292. Rao SV, Jollis JG, Harrington RA, Granger CB, Newby LK, Armstrong PW,
Moliterno DJ, Lindblad L, Pieper K, Topol EJ, Stamler JS, Califf RM. Relationship
of blood transfusion and clinical outcomes in patients with acute coronary syndromes. JAMA 2004;292:1555 –1562.
293. 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.
294. Nikolsky E, Mehran R, Sadeghi HM, Grines CL, Cox DA, Garcia E, Tcheng JE,
Griffin JJ, Guagliumi G, Stuckey T, Turco M, Fahy M, Lansky AJ, Stone GW. Prognostic impact 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.
295. Silvain J, Abtan J, Kerneis M, Martin R, Finzi J, Vignalou JB, Barthelemy O,
O’Connor SA, Luyt CE, Brechot N, Mercadier A, Brugier D, Galier S, Collet JP,
Chastre J, Montalescot G. Impact of red blood cell transfusion on platelet aggregation and inflammatory response in anemic coronary and noncoronary patients:
the TRANSFUSION-2 study (impact of transfusion of red blood cell on platelet
activation and aggregation studied with flow cytometry use and light transmission
aggregometry). J Am Coll Cardiol 2014;63:1289 –1296
296. 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.
297. Kansagara D, Dyer E, Englander H, Fu R, Freeman M, Kagen D. Treatment of anemia in patients with heart disease: a systematic review. Ann Intern Med 2013;159:
746 –757.
298. Chatterjee S, Wetterslev J, Sharma A, Lichstein E, Mukherjee D. Association of
blood transfusion with increased mortality in myocardial infarction: a

Downloaded from http://eurheartj.oxfordjournals.org/ by guest on December 9, 2015

264. Ageno W, Garcia D, Aguilar MI, Douketis J, Finazzi G, Imberti D, Iorio A, Key NS,
Lim W, Marietta M, Prisco D, Sarode R, Testa S, Tosetto A, Crowther M. Prevention and treatment of bleeding complications in patients receiving vitamin K antagonists, part 2: treatment. Am J Hematol 2009;84:584 –588.
265. Ageno W, Gallus AS, Wittkowsky A, Crowther M, Hylek EM, Palareti G. 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 –88S.
266. Liesenfeld KH, Staab A, Hartter S, Formella S, Clemens A, Lehr T. Pharmacometric characterization of dabigatran hemodialysis. Clin Pharmacokinet 2013;52:
453 –462.
267. Eerenberg ES, Kamphuisen PW, Sijpkens MK, Meijers JC, Buller HR, Levi M. Reversal of rivaroxaban and dabigatran by prothrombin complex concentrate: a randomized, placebo-controlled, crossover study in healthy subjects. Circulation 2011;
124:1573 – 1579.
268. Lu G, DeGuzman FR, Hollenbach SJ, Karbarz MJ, Abe K, Lee G, Luan P,
Hutchaleelaha A, Inagaki M, Conley PB, Phillips DR, Sinha U. A specific antidote
for reversal of anticoagulation by direct and indirect inhibitors of coagulation factor Xa. Nat Med 2013;19:446 –451.
269. Verheugt FW, Steinhubl SR, Hamon M, Darius H, Steg PG, Valgimigli M, Marso SP,
Rao SV, Gershlick AH, Lincoff AM, Mehran R, Stone GW. Incidence, prognostic
impact, and influence of antithrombotic therapy on access and nonaccess site
bleeding in percutaneous coronary intervention. JACC Cardiovasc Interv 2011;4:
191 –197
270. Ndrepepa G, Schulz S, Neumann FJ, Byrne RA, Hoppmann P, Cassese S, Ott I,
Fusaro M, Ibrahim T, Tada T, Richardt G, Laugwitz KL, Schunkert H, Kastrati A.
Bleeding after percutaneous coronary intervention in women and men matched
for age, body mass index, and type of antithrombotic therapy. Am Heart J 2013;
166:534 –540.
271. Vranckx P, Campo G, Anselmi M, Bolognese L, Colangelo S, Biondi-Zoccai G,
Moreno R, Piva T, Favero L, Prati F, Nazzaro M, Diaz Fernandez JF, Ferrari R,
Valgimigli M. Does the site of bleeding matter? A stratified analysis on location
of TIMI-graded bleedings and their impact on 12-month outcome in patients
with ST-segment elevation myocardial infarction. EuroIntervention 2012;8:71 –78.
272. Becker RC, Bassand JP, Budaj A, Wojdyla DM, James SK, Cornel JH, French J,
Held C, Horrow J, Husted S, Lopez-Sendon J, Lassila R, Mahaffey KW,
Storey RF, Harrington RA, Wallentin L. Bleeding complications with the P2Y12 receptor antagonists clopidogrel and ticagrelor in the PLATelet inhibition and patient Outcomes (PLATO) trial. Eur Heart J 2011;32:2933 –2944.
273. Lopes RD, Subherwal S, Holmes DN, Thomas L, Wang TY, Rao SV, Magnus
Ohman E, Roe MT, Peterson ED, Alexander KP. The association of in-hospital major bleeding with short-, intermediate-, and long-term mortality among older patients with non-ST-segment elevation myocardial infarction. Eur Heart J 2012;33:
2044 –2053.
274. Mehran R, Rao SV, Bhatt DL, Gibson CM, Caixeta A, Eikelboom J, Kaul S,
Wiviott SD, Menon V, Nikolsky E, Serebruany V, Valgimigli M, Vranckx P,
Taggart D, Sabik JF, Cutlip DE, Krucoff MW, Ohman EM, Steg PG, White H. Standardized bleeding definitions for cardiovascular clinical trials: a consensus report
from the bleeding academic research consortium. Circulation 2011;123:
2736– 2747.
275. Ndrepepa G, Schuster T, Hadamitzky M, Byrne RA, Mehilli J, Neumann FJ,
Richardt G, Schulz S, Laugwitz KL, Massberg S, Schomig A, Kastrati A. Validation
of the bleeding academic research consortium definition of bleeding in patients
with coronary artery disease undergoing percutaneous coronary intervention.
Circulation 2012;125:1424 –1431.
276. Ndrepepa G, Guerra E, Schulz S, Fusaro M, Cassese S, Kastrati A. Weight of the
bleeding impact on early and late mortality after percutaneous coronary intervention. J Thromb Thrombolysis 2015;39:35–42.
277. Baber U, Kovacic J, Kini AS, Sharma SK, Dangas G, Mehran R. How serious a problem is bleeding in patients with acute coronary syndromes? Curr Cardiol Rep 2011;
13:312 –319.
278. Ndrepepa G, Berger PB, Mehilli J, Seyfarth M, Neumann FJ, Schomig A, Kastrati A.
Periprocedural bleeding and 1-year outcome after percutaneous coronary interventions: appropriateness of including bleeding as a component of a quadruple
end point. J Am Coll Cardiol 2008;51:690 –697.
279. Moscucci M, Fox KA, Cannon CP, Klein W, Lopez-Sendon J, Montalescot G,
White K, Goldberg RJ. Predictors of major bleeding in acute coronary syndromes:
the Global Registry of Acute Coronary Events (GRACE). Eur Heart J 2003;24:
1815 –1823.
280. Leibundgut G, Pache J, Schulz S, Berger PB, Ferenc M, Gick M, Mehilli J, Kastrati A,
Neumann FJ. Collagen plug vascular 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.

ESC Guidelines

Page 53 of 59

ESC Guidelines

299.

300.

301.

302.

303.

304.

306.

307.

308.

309.
310.
311.

312.

313.

314.

315.

316.
317.

318.

319.

320.
321.
322.

323.

324.

325.

326.

327.

328.

329.

330.

331.

332.

333.

334.

335.

336.

coronary lesion morphologies as assessed by intravascular ultrasound and optical
coherence tomography. Int J Cardiol 2013;165:506 –511.
Pijls NH, Tanaka N, Fearon WF. Functional assessment of coronary stenoses: can
we live without it? Eur Heart J 2013;34:1335 –1344.
Gersh BJ, Frye RL. Methods of coronary revascularization—things may not be as
they seem. N Engl J Med 2005;352:2235 –2237.
Bavry AA, Kumbhani DJ, Rassi AN, Bhatt DL, Askari AT. Benefit of early invasive
therapy in acute coronary syndromes: a meta-analysis of contemporary randomized clinical trials. J Am Coll Cardiol 2006;48:1319 –1325.
O’Donoghue M, Boden WE, Braunwald E, Cannon CP, Clayton TC, de Winter RJ,
Fox KA, Lagerqvist B, McCullough PA, Murphy SA, Spacek R, Swahn E,
Wallentin L, Windhausen F, Sabatine MS. Early invasive vs conservative treatment
strategies in women and men with unstable angina and non-ST-segment elevation
myocardial infarction: a meta-analysis. JAMA 2008;300:71–80.
Fox KA, Clayton TC, Damman P, Pocock SJ, de Winter RJ, Tijssen JG, Lagerqvist B,
Wallentin L. Long-term outcome of a routine versus selective invasive strategy in
patients with non-ST-segment elevation acute coronary syndrome a
meta-analysis of individual patient data. J Am Coll Cardiol 2010;55:2435 –2445.
Noc M, Fajadet J, Lassen JF, Kala P, MacCarthy P, Olivecrona GK, Windecker S,
Spaulding C. Invasive coronary treatment strategies for out-of-hospital cardiac arrest: a consensus statement from the European Association for Percutaneous
Cardiovascular Interventions (EAPCI)/Stent For Life (SFL) groups. EuroIntervention
2014;10:31–37.
Katritsis DG, Siontis GC, Kastrati A, van’t Hof AW, Neumann FJ, Siontis KC,
Ioannidis JP. Optimal timing of coronary angiography and potential intervention
in non-ST-elevation acute coronary syndromes. Eur Heart J 2011;32:32 –40.
Navarese EP, Gurbel PA, Andreotti F, Tantry U, Jeong YH, Kozinski M,
Engstrom T, Di Pasquale G, Kochman W, Ardissino D, Kedhi E, Stone GW,
Kubica J. Optimal timing of coronary invasive strategy in non-ST-segment elevation acute coronary syndromes: a systematic review and meta-analysis. Ann Intern
Med 2013;158:261 –270.
Riezebos RK, Ronner E, Ter Bals E, Slagboom T, Smits PC, ten Berg JM,
Kiemeneij F, Amoroso G, Patterson MS, Suttorp MJ, Tijssen JG, Laarman GJ. Immediate versus deferred coronary angioplasty in non-ST-segment elevation acute
coronary syndromes. Heart 2009;95:807 –812.
Montalescot G, Cayla G, Collet JP, Elhadad S, Beygui F, Le Breton H, Choussat R,
Leclercq F, Silvain J, Duclos F, Aout M, Dubois-Rande JL, Barthelemy O,
Ducrocq G, Bellemain-Appaix A, Payot L, Steg PG, Henry P, Spaulding C,
Vicaut E. Immediate vs delayed intervention for acute coronary syndromes: a randomized clinical trial. JAMA 2009;302:947–954.
Sorajja P, Gersh BJ, Cox DA, McLaughlin MG, Zimetbaum P, Costantini C,
Stuckey T, Tcheng JE, Mehran R, Lansky AJ, Grines CL, Stone GW. Impact of delay
to angioplasty in patients with acute coronary syndromes undergoing invasive
management: analysis from the ACUITY (Acute Catheterization and Urgent
Intervention Triage strategY) trial. J Am Coll Cardiol 2010;55:1416 –1424.
Amsterdam EA, Kirk JD, Bluemke DA, Diercks D, Farkouh ME, Garvey JL,
Kontos MC, McCord J, Miller TD, Morise A, Newby LK, Ruberg FL,
Scordo KA, Thompson PD. Testing of low-risk patients presenting to the emergency department with chest pain: a scientific statement from the American
Heart Association. Circulation 2010;122:1756 – 1776.
De Ferrari GM, Fox KA, White JA, Giugliano RP, Tricoci P, Reynolds HR,
Hochman JS, Gibson CM, Theroux P, Harrington RA, Van de Werf F,
White HD, Califf RM, Newby LK. Outcomes among non-ST-segment elevation
acute coronary syndromes patients with no angiographically obstructive coronary artery disease: observations from 37,101 patients. Eur Heart J Acute Cardiovasc
Care 2014;3:37 –45.
Solomon MD, Go AS, Shilane D, Boothroyd DB, Leong TK, Kazi DS, Chang TI,
Hlatky MA. Comparative effectiveness of clopidogrel in medically managed patients with unstable angina and non-ST-segment elevation myocardial infarction.
J Am Coll Cardiol 2014;63:2249 – 2257.
Roe MT, Armstrong PW, Fox KA, White HD, Prabhakaran D, Goodman SG, Cornel JH, Bhatt DL, Clemmensen P, Martinez F, Ardissino D, Nicolau JC, Boden WE,
Gurbel PA, Ruzyllo W, Dalby AJ, McGuire DK, Leiva-Pons JL, Parkhomenko A,
Gottlieb S, Topacio GO, Hamm C, Pavlides G, Goudev AR, Oto A, Tseng CD,
Merkely B, Gasparovic V, Corbalan R, Cinteză M, McLendon RC, Winters KJ,
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