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„Das Leben beginnt mit dem 
ersten Herzschlag und endet 
mit dem letzten.“

Aristoteles
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..3 Introduction

In the late 19th century, post-mortem examinations demonstrated a
possible relationship between thrombotic occlusion of a coronary
artery and myocardial infarction (MI).1 However, it was not until the
beginning of the 20th century that the first clinical descriptions
appeared describing a connection between the formation of a throm-
bus in a coronary artery and its associated clinical features.2,3 Despite
these landmark observations, considerable time elapsed before gen-
eral clinical acceptance of this entity was achieved, in part due to one
autopsy study that showed no thrombi in the coronary arteries of
31% of deceased patients with an MI.4 The clinical entity was referred
to as coronary thrombosis, although use of the term ‘MI’ ultimately
prevailed. Over the years, several different definitions of MI have
been used, leading to controversy and confusion. Hence, a general
and worldwide definition for MI was needed. This occurred for the
first time in the 1950–70s, when working groups from the World
Health Organization (WHO) established a primarily electrocardio-
graphic (ECG)-based definition of MI intended for epidemiological
use.5 The original description, with minor modifications, is still used in
epidemiological surveys (Figure 1).6–8

With the introduction of more sensitive cardiac biomarkers, the
European Society of Cardiology (ESC) and the American College of

Cardiology (ACC) collaborated to redefine MI using a biochemical
and clinical approach, and reported that myocardial injury detected
by abnormal biomarkers in the setting of acute myocardial ischaemia
should be labelled as MI.9 The principle was further refined by the
Global MI Task Force, leading to the Universal Definition of
Myocardial Infarction Consensus Document in 2007, introducing a
novel MI classification system with five subcategories.10 This docu-
ment, endorsed by the ESC, the ACC), the American Heart
Association (AHA), and the World Heart Federation (WHF), was
adopted by the WHO.11 The development of even more sensitive
assays for markers of myocardial injury made further revision of the
document necessary, particularly for patients who undergo coronary
procedures or cardiac surgery. As a result, the Joint ESC/ACC/AHA/
WHF Task Force produced the Third Universal Definition of
Myocardial Infarction Consensus Document in 2012.12

Studies have shown that myocardial injury, defined by an elevated
cardiac troponin (cTn) value, is frequently encountered clinically and is
associated with an adverse prognosis.13,14 Although myocardial injury
is a prerequisite for the diagnosis of MI, it is also an entity in itself. To
establish a diagnosis of MI, criteria in addition to abnormal biomarkers
are required. Non-ischaemic myocardial injury may arise secondary to
many cardiac conditions such as myocarditis, or may be associated
with non-cardiac conditions such as renal failure.15 Therefore, for
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Figure 1 History of documents on the definition of myocardial infarction. ACC = American College of Cardiology; AHA = American Heart
Association; ESC = European Society of Cardiology; ISFC = International Society and Federation of Cardiology; MONICA = MONItoring of trends
and determinants in CArdiovascular disease; NHLBI = National Heart, Lung, and Blood Institute; UDMI = Universal Definition of Myocardial
Infarction; WHF = World Heart Federation; WHO = World Health Organization.
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Pathophysiologie des Myokardinfarkts

Beim Herzinfarkt gehen (definitionsgemäß) 
Herzmuskelzellen zugrunde und können 

(anders als in anderen Organen) nicht oder 
nicht in nennenswerter Form ersetzt werden. 

Der Verlust an Herzmuskelzellen führt 
chronisch zur Überlastung der noch 
vorhandenen Herzmuskelzellen und 

schließlich zur Herzschwäche 
(Herzinsuffizienz) 

Ätiologie, Pathophysiologie des Herzinfarktes
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Figure 2 Spectrum of myocardial injury, ranging from no injury to myocardial infarction. Various clinical entities may involve these myocardial cate-
gories, e.g. ventricular tachyarrhythmia, heart failure, kidney disease, hypotension/shock, hypoxaemia, and anaemia. cTn = cardiac troponin; URL =
upper reference limit. aNo myocardial injury = cTn values <_ 99th percentile URL or not detectable. bMyocardial injury = cTn values > 99th percentile
URL. cMyocardial infarction = clinical evidence of myocardial ischaemia and a rise and/or fall of cTn values > 99th percentile URL.
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..patients with increased cTn values, clinicians must distinguish whether
patients have suffered a non-ischaemic myocardial injury or one of the
MI subtypes. If there is no evidence to support the presence of myo-
cardial ischaemia, a diagnosis of myocardial injury should be made.
This diagnosis can be changed if subsequent evaluation indicates crite-
ria for MI. The current Fourth Universal Definition of Myocardial
Infarction Consensus Document reflects these considerations through
adhering to the clinical approach of the definition of MI.

4 Pathological characteristics of
myocardial ischaemia and
infarction

MI is defined pathologically as myocardial cell death due to prolonged
ischaemia. Diminished cellular glycogen, and relaxed myofibrils and
sarcolemmal disruption, are the first ultrastructural changes and are
seen as early as 10–15 min after the onset of ischaemia.16

Mitochondrial abnormalities are observed as early as 10 min after
coronary occlusion by electron microscopy and are progressive.17 It
can take hours before myocyte necrosis can be identified by post-
mortem examination in humans; this is in contrast to animal models,
in which biochemical evidence of myocardial cell death due to apop-
tosis can be detected within 10 min of induced myocardial ischaemia
in association with myocyte death.15 Experimentally, necrosis pro-
gresses from the subendocardium to the subepicardium over several
hours. The time course may be prolonged by increased collateral
flow, reduced determinants of myocardial oxygen consumption, and
intermittent occlusion/reperfusion, which can precondition the
heart.18 Timely implementation of reperfusion therapy, when appro-
priate, reduces ischaemic injury of the myocardium.19,20

5 Biomarker detection of
myocardial injury and infarction

Cardiac troponin I (cTnI) and T (cTnT) are components of the con-
tractile apparatus of myocardial cells and are expressed almost exclu-
sively in the heart.21,22 Increases in cTnI values have not been

reported to occur following injury to non-cardiac tissues. The situa-
tion is more complex for cTnT. Biochemical data indicate that injured
skeletal muscle expresses proteins that are detected by the cTnT
assay, leading to some situations where elevations of cTnT could
emanate from skeletal muscle.23–27 Recent data suggest that the fre-
quency of such elevations in the absence of ischaemic heart disease
may be higher than originally thought.28,29 cTnI and cTnT are the pre-
ferred biomarkers for the evaluation of myocardial injury,12,21,22,30

and high-sensitivity (hs)-cTn assays are recommended for routine
clinical use.22 Other biomarkers, e.g. creatine kinase MB isoform
(CK-MB), are less sensitive and less specific.31 Myocardial injury is
defined as being present when blood levels of cTn are increased
above the 99th percentile upper reference limit (URL).12,21,22,30 The
injury may be acute, as evidenced by a newly detected dynamic rising
and/or falling pattern of cTn values above the 99th percentile URL,

or chronic, in the setting of persistently elevated cTn levels.
Although elevated cTn values reflect injury to myocardial cells,

they do not indicate the underlying pathophysiological mechanisms,
and can arise following preload-induced mechanical stretch or phys-
iological stresses in otherwise normal hearts.32–34 Various causes
have been suggested for the release of structural proteins from the
myocardium, including normal turnover of myocardial cells, apopto-
sis, cellular release of cTn degradation products, increased cellular
wall permeability, the formation and release of membranous blebs,
and myocyte necrosis.27,35 Yet, it is not clinically possible to distin-
guish which increases of cTn levels are due to which mechanisms.36

However, regardless of the mechanism, acute myocardial injury,
when associated with a rising and/or falling pattern of cTn values with
at least one value above the 99th percentile URL and caused by myo-
cardial ischaemia, is designated as an acute MI.12,21,22,30 Histological
evidence of myocardial injury with myocyte death can be detected in
clinical conditions associated with non-ischaemic mechanisms of
myocardial injury as well37,38 (Figure 2).

Myocardial ischaemic or non-ischaemic conditions associated with
increased cTn values are presented in Table 1. The complexity of clin-
ical circumstances may sometimes make it difficult to discriminate
specific individual mechanism(s) of myocardial injury. In this situation,
the multifactorial contributions resulting in myocardial injury should
be described in the patient record.

Criteria for myocardial injury
Detection of an elevated cTn value above the 99th percentile
URL is defined as myocardial injury. The injury is considered
acute if there is a rise and/or fall of cTn values.

Clinical criteria for MI
The clinical definition of MI denotes the presence of acute myo-
cardial injury detected by abnormal cardiac biomarkers in the set-
ting of evidence of acute myocardial ischaemia.
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elements of the clinical evaluation to establish the diagnosis of acute
MI. Criteria for determining a pathological rise between two serial
cTn values are assay-dependent and continue to evolve. An idealized
view of troponin kinetics in patients with acute MI is shown in
Figure 7.

It should be appreciated that because biomarker release is sub-
stantially dependent on blood flow,111,112 there is significant variabil-
ity in the time to peak value (velocity), the time when a normal value
may become greater than the 99th percentile URL, or when a chang-
ing pattern of values can be observed. The ability to define a changing
pattern will also depend on timing. For example, around peak values,
it may be difficult to observe a changing pattern of values. Similarly,
the downslope of the time–concentration curve is much slower than
the upslope. These issues need to be taken into account when defin-
ing whether or not a changing pattern is present. In addition, it is
important to make sure that a given change is greater than can be
anticipated by variability alone. This is defined for conventional cTn
assays as a change greater than or equal to three times the standard

deviation around the measurement of the individual assay at relevant
values.12,22 For hs-cTn assays, biological variation also needs to be
considered. In most studies, conjoint analytical and biological varia-
tion is in the range of 50 – 60%.

For that reason, this percentage has been suggested for use when
initial baseline values are <_ the 99th percentile URL.23,31,113

However, for individuals with an initial value greater than the 99th
percentile URL, a lesser degree of change during serial measurements
is necessary to achieve improved clinical sensitivity (as compared
with individuals with initial values <_ the 99th percentile URL). Thus,
an expert consensus group has recommended serial changes > 20%
be used in this situation.22 Absolute changes are assay dependent but
appear superior to relative per cent changes with hs-cTn assays,114

and in some studies this is especially the case when the initial value is
increased.115 The use of a fixed absolute value change criteria trans-
lates into a smaller percentage or relative change as absolute values
rise, and therefore provides greater sensitivity. The use of a changing
pattern is important in allowing clinicians to differentiate an acute
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Figure 7 Illustration of early cardiac troponin kinetics in patients after acute myocardial injury including acute myocardial infarction. The timing of
biomarker release into the circulation is dependent on blood flow and how soon after the onset of symptoms samples are obtained. Thus, the ability
to consider small changes as diagnostic can be problematic. In addition, many comorbidities increase cTn values and, in particular, hs-cTn values, so
that elevations can be present at baseline even in those with myocardial infarction who present early after the onset of symptoms. Changes in cTn
values or deltas can be used to define acute compared with chronic events, and the ability to detect these is indicated in the figure. Increased cTn val-
ues can often be detected for days after an acute event. cTn = cardiac troponin; URL = upper reference limit.
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Myokardiale Schädigung - Myokardinfarkt

Definition Myokardinfarkt:

2 Universal definitions of myocardial injury and myocardial infarction:
summary

Universal definitions of myocardial injury and myocardial infarction

Criteria for myocardial injury

The term myocardial injury should be used when there is evidence of elevated cardiac troponin values (cTn) with at least one value above 
the 99th percentile upper reference limit (URL). The myocardial injury is considered acute if there is a rise and/or fall of cTn values.

Criteria for acute myocardial infarction (types 1, 2 and 3 MI)

The term acute myocardial infarction should be used when there is acute myocardial injury with clinical evidence of acute myocardial 
ischaemia and with detection of a rise and/or fall of cTn values with at least one value above the 99th percentile URL and at least one of 
the following:
 • Symptoms of myocardial ischaemia;
 • New ischaemic ECG changes;
 • Development of pathological Q waves;
 • Imaging evidence  of new loss of viable myocardium or new regional wall motion abnormality in a pattern consistent with an 
  ischaemic aetiology;
 • Identification of a coronary thrombus by angiography or autopsy (not for types 2 or 3 MIs).
Post-mortem demonstration of acute athero-thrombosis in the artery supplying the infarcted myocardium meets criteria for type 1 MI.
Evidence of an imbalance between myocardial oxygen supply and demand unrelated to acute athero-thrombosis meets criteria for type 2 MI.
Cardiac death in patients with symptoms suggestive of myocardial ischaemia and presumed new ischaemic ECG changes before cTn 
values become available or abnormal meets criteria for type 3 MI.

Criteria for coronary procedure-related myocardial infarction (types 4 and 5 MI)

Percutaneous coronary intervention (PCI) related MI is termed type 4a MI.
Coronary artery bypass grafting (CABG) related MI is termed type 5 MI.
Coronary procedure-related MI ≤ 48 hours after the index procedure is arbitrarily defined by an elevation of cTn values > 5 times for
type 4a MI and > 10 times for type 5 MI of the 99th percentile URL in patients with normal baseline values. Patients with elevated
pre-procedural cTn values, in whom the pre-procedural cTn level are stable (≤ 20% variation) or falling, must meet the criteria for
a > 5 or > 10 fold increase and manifest a change from the baseline value of > 20%. In addition with at least one of the following:
 • New ischaemic ECG changes (this criterion is related to type 4a MI only);
 • Development of new pathological Q waves;
 • Imaging evidence of loss of viable myocardium that is presumed to be new and in a pattern consistent with an ischaemic aetiology;
 • Angiographic findings consistent with a procedural flow-limiting complication such as coronary dissection, occlusion of a major 
  epicardial artery or graft, side-branch occlusion-thrombus, disruption of collateral flow or distal embolization.
Isolated development of new pathological Q waves meets the type 4a MI or type 5 MI criteria with either revascularization procedure if 
cTn values are elevated and rising but less than the pre-specified thresholds for PCI and CABG.
Other types of 4 MI include type 4b MI stent thrombosis and type 4c MI restenosis that both meet type 1 MI criteria.
Post-mortem demonstration of a procedure-related thrombus meets the type 4a MI criteria or type 4b MI criteria if associated with a stent.

Criteria for prior or silent/unrecognized myocardial infarction

Any one of the following criteria meets the diagnosis for prior or silent/unrecognized MI:
 • Abnormal Q waves with or without symptoms in the absence of non-ischaemic causes.
 • Imaging evidence of loss of viable myocardium in a pattern consistent with ischaemic aetiology.
 • Patho-anatomical findings of a prior MI.
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CABG = coronary artery bypass grafting; cTn = cardiac troponin; ECG = electrocardiogram; MI = myocardial infarction; PCI = percutaneous coronary intervention; URL =
upper reference limit.
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cTn = cardiac troponin; ECG = electrocardiogram; URL = upper
reference limit.

aPost-mortem demonstration of an atherothrombus in the artery
supplying the infarcted myocardium, or a macroscopically large cir-
cumscribed area of necrosis with or without intramyocardial hae-
morrhage, meets the type 1 MI criteria regardless of cTn values.

It is essential to integrate the ECG findings with the aim of classify-
ing type 1 MI into STEMI or NSTEMI in order to establish the appro-
priate treatment according to current Guidelines.46,47

7.2 Myocardial infarction type 2
The pathophysiological mechanism leading to ischaemic myocardial
injury in the context of a mismatch between oxygen supply and

demand has been classified as type 2 MI.10,12 By definition, acute athe-
rothrombotic plaque disruption is not a feature of type 2 MI. In
patients with stable known or presumed CAD, an acute stressor
such as an acute gastrointestinal bleed with a precipitous drop in hae-
moglobin, or a sustained tachyarrhythmia with clinical manifestations
of myocardial ischaemia, may result in myocardial injury and a type 2
MI. These effects are due to insufficient blood flow to the ischaemic
myocardium to meet the increased myocardial oxygen demand of
the stressor. Ischaemic thresholds may vary substantially in individual
patients depending on the magnitude of the stressor, the presence of
non-cardiac comorbidities, and the extent of underlying CAD and
cardiac structural abnormalities.

Studies have shown variable occurrences of type 2 MI depending
on criteria used for diagnosis. Some reports rely on specific predeter-
mined oxygen mismatch criteria,48,49 whereas others apply more lib-
eral criteria. Most studies show a higher frequency of type 2 MI in
women. The short- and long-term mortality rates for patients with
type 2 MI are generally higher than for type 1 MI patients in most but
not all studies due to an increased prevalence of comorbid con-
ditions.49–57 Coronary atherosclerosis is a common finding in type 2
MI patients selected for coronary angiography. In general, these
patients have a worse prognosis than those without CAD.54–57

Prospective evaluations of the importance of CAD with type 2 MI
using consistent definitions and approaches are needed.

It has been shown that the frequency of ST-segment elevation in
type 2 MI varies from 3–24%.53 In some cases, coronary embolism
caused by thrombi, calcium or vegetation from the atria or ventricles,
or acute aortic dissection may result in a type 2 MI. Spontaneous

Myocardial Infarction Type 1

Plaque rupture/erosion with
occlusive thrombus

Plaque rupture/erosion with
non-occlusive thrombus
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Figure 3 Myocardial infarction type 1.

Criteria for type 1 MI
Detection of a rise and/or fall of cTn values with at least one
value above the 99th percentile URL and with at least one of the
following:

• Symptoms of acute myocardial ischaemia;
• New ischaemic ECG changes;
• Development of pathological Q waves;
• Imaging evidence of new loss of viable myocardium or new

regional wall motion abnormality in a pattern consistent with
an ischaemic aetiology;

• Identification of a coronary thrombus by angiography includ-
ing intracoronary imaging or by autopsy.a
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cTn = cardiac troponin; ECG = electrocardiogram; URL = upper
reference limit.

aPost-mortem demonstration of an atherothrombus in the artery
supplying the infarcted myocardium, or a macroscopically large cir-
cumscribed area of necrosis with or without intramyocardial hae-
morrhage, meets the type 1 MI criteria regardless of cTn values.

It is essential to integrate the ECG findings with the aim of classify-
ing type 1 MI into STEMI or NSTEMI in order to establish the appro-
priate treatment according to current Guidelines.46,47

7.2 Myocardial infarction type 2
The pathophysiological mechanism leading to ischaemic myocardial
injury in the context of a mismatch between oxygen supply and

demand has been classified as type 2 MI.10,12 By definition, acute athe-
rothrombotic plaque disruption is not a feature of type 2 MI. In
patients with stable known or presumed CAD, an acute stressor
such as an acute gastrointestinal bleed with a precipitous drop in hae-
moglobin, or a sustained tachyarrhythmia with clinical manifestations
of myocardial ischaemia, may result in myocardial injury and a type 2
MI. These effects are due to insufficient blood flow to the ischaemic
myocardium to meet the increased myocardial oxygen demand of
the stressor. Ischaemic thresholds may vary substantially in individual
patients depending on the magnitude of the stressor, the presence of
non-cardiac comorbidities, and the extent of underlying CAD and
cardiac structural abnormalities.

Studies have shown variable occurrences of type 2 MI depending
on criteria used for diagnosis. Some reports rely on specific predeter-
mined oxygen mismatch criteria,48,49 whereas others apply more lib-
eral criteria. Most studies show a higher frequency of type 2 MI in
women. The short- and long-term mortality rates for patients with
type 2 MI are generally higher than for type 1 MI patients in most but
not all studies due to an increased prevalence of comorbid con-
ditions.49–57 Coronary atherosclerosis is a common finding in type 2
MI patients selected for coronary angiography. In general, these
patients have a worse prognosis than those without CAD.54–57

Prospective evaluations of the importance of CAD with type 2 MI
using consistent definitions and approaches are needed.

It has been shown that the frequency of ST-segment elevation in
type 2 MI varies from 3–24%.53 In some cases, coronary embolism
caused by thrombi, calcium or vegetation from the atria or ventricles,
or acute aortic dissection may result in a type 2 MI. Spontaneous
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Figure 3 Myocardial infarction type 1.

Criteria for type 1 MI
Detection of a rise and/or fall of cTn values with at least one
value above the 99th percentile URL and with at least one of the
following:

• Symptoms of acute myocardial ischaemia;
• New ischaemic ECG changes;
• Development of pathological Q waves;
• Imaging evidence of new loss of viable myocardium or new

regional wall motion abnormality in a pattern consistent with
an ischaemic aetiology;

• Identification of a coronary thrombus by angiography includ-
ing intracoronary imaging or by autopsy.a
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coronary artery dissection with or without intramural haematoma is
another non-atherosclerotic condition that may occur, especially in
young women. It is defined as spontaneous dissection of the coronary
artery wall with accumulation of blood within the false lumen, which
can compress the true lumen to varying degrees (Figure 4).58

All of the clinical information available should be considered in dis-
tinguishing type 1 MI from type 2 MI. The context and mechanisms of
type 2 MI should be considered when establishing this diagnosis
(Figure 5). The myocardial oxygen supply/demand imbalance attribut-
able to acute myocardial ischaemia may be multifactorial, related
either to: reduced myocardial perfusion due to fixed coronary athe-
rosclerosis without plaque rupture, coronary artery spasm, coronary
microvascular dysfunction (which includes endothelial dysfunction,
smooth muscle cell dysfunction, and the dysregulation of sympathetic
innervation), coronary embolism, coronary artery dissection with or
without intramural haematoma, or other mechanisms that reduce
oxygen supply such as severe bradyarrhythmia, respiratory failure
with severe hypoxaemia, severe anaemia, and hypotension/shock; or
to increased myocardial oxygen demand due to sustained tachyar-
rhythmia or severe hypertension with or without left ventricular

hypertrophy. In patients who undergo timely coronary angiography,
description of a ruptured plaque with thrombus in the infarct-related
artery may be helpful in making the distinction between type 2 MI vs.
type 1 MI, but angiography is not always definitive, clinically indicated,
or required to establish the diagnosis of type 2 MI.

Myocardial Infarction Type 2

Atherosclerosis and oxygen 
supply/demand imbalance

Vasospasm or coronary
microvascular dysfunction

Non-atherosclerotic
coronary dissection

Oxygen supply/demand
imbalance alone
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Figure 4 Myocardial infarction type 2.

Criteria for type 2 MI
Detection of a rise and/or fall of cTn values with at least one
value above the 99th percentile URL, and evidence of an imbal-
ance between myocardial oxygen supply and demand unrelated
to coronary thrombosis, requiring at least one of the following:

• Symptoms of acute myocardial ischaemia;
• New ischaemic ECG changes;
• Development of pathological Q waves;
• Imaging evidence of new loss of viable myocardium or new

regional wall motion abnormality in a pattern consistent with
an ischaemic aetiology.
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coronary artery dissection with or without intramural haematoma is
another non-atherosclerotic condition that may occur, especially in
young women. It is defined as spontaneous dissection of the coronary
artery wall with accumulation of blood within the false lumen, which
can compress the true lumen to varying degrees (Figure 4).58

All of the clinical information available should be considered in dis-
tinguishing type 1 MI from type 2 MI. The context and mechanisms of
type 2 MI should be considered when establishing this diagnosis
(Figure 5). The myocardial oxygen supply/demand imbalance attribut-
able to acute myocardial ischaemia may be multifactorial, related
either to: reduced myocardial perfusion due to fixed coronary athe-
rosclerosis without plaque rupture, coronary artery spasm, coronary
microvascular dysfunction (which includes endothelial dysfunction,
smooth muscle cell dysfunction, and the dysregulation of sympathetic
innervation), coronary embolism, coronary artery dissection with or
without intramural haematoma, or other mechanisms that reduce
oxygen supply such as severe bradyarrhythmia, respiratory failure
with severe hypoxaemia, severe anaemia, and hypotension/shock; or
to increased myocardial oxygen demand due to sustained tachyar-
rhythmia or severe hypertension with or without left ventricular

hypertrophy. In patients who undergo timely coronary angiography,
description of a ruptured plaque with thrombus in the infarct-related
artery may be helpful in making the distinction between type 2 MI vs.
type 1 MI, but angiography is not always definitive, clinically indicated,
or required to establish the diagnosis of type 2 MI.

Myocardial Infarction Type 2

Atherosclerosis and oxygen 
supply/demand imbalance

Vasospasm or coronary
microvascular dysfunction

Non-atherosclerotic
coronary dissection

Oxygen supply/demand
imbalance alone
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Figure 4 Myocardial infarction type 2.

Criteria for type 2 MI
Detection of a rise and/or fall of cTn values with at least one
value above the 99th percentile URL, and evidence of an imbal-
ance between myocardial oxygen supply and demand unrelated
to coronary thrombosis, requiring at least one of the following:

• Symptoms of acute myocardial ischaemia;
• New ischaemic ECG changes;
• Development of pathological Q waves;
• Imaging evidence of new loss of viable myocardium or new

regional wall motion abnormality in a pattern consistent with
an ischaemic aetiology.
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6 Clinical presentations of
myocardial infarction

Onset of myocardial ischaemia is the initial step in the development
of MI and results from an imbalance between oxygen supply and
demand. Myocardial ischaemia in a clinical setting can most often be
identified from the patient’s history and from the ECG. Possible
ischaemic symptoms include various combinations of chest, upper
extremity, mandibular, or epigastric discomfort during exertion or at

rest, or an ischaemic equivalent such as dyspnoea or fatigue. Often,
the discomfort is diffuse; not localized, nor positional, nor affected by
movement of the region. However, these symptoms are not specific
for myocardial ischaemia and can be observed in other conditions
such as gastrointestinal, neurological, pulmonary, or musculoskeletal
complaints. MI may occur with atypical symptoms such as palpitations
or cardiac arrest, or even without symptoms.12 Very brief episodes
of ischaemia too short to cause necrosis can also cause cTn release
and elevations. The involved myocytes can subsequently die due to
apoptosis.42

If myocardial ischaemia is present clinically or detected by ECG
changes together with myocardial injury, manifested by a rising and/
or falling pattern of cTn values, a diagnosis of acute MI is appropriate.
If myocardial ischaemia is not present clinically, then elevated cTn lev-
els may be indicative of acute myocardial injury if the pattern of values
is rising and/or falling, or related to more chronic ongoing injury if the
pattern is unchanging.14 Similar considerations are relevant when
evaluating events that are potentially related to procedures that may
cause myocardial injury and/or MI. Additional evaluations may lead to
a need for the initial diagnosis to be revised.

Patients with suspected acute coronary syndrome (ACS) that are
ruled out for MI with normal cardiac biomarker values (<_ 99th per-
centile URL) may have unstable angina or an alternative diagnosis.
These patients should be evaluated and treated accordingly.11,43

7 Clinical classification of
myocardial infarction

For the sake of immediate treatment strategies such as reperfusion
therapy, it is usual practice to designate MI in patients with chest dis-
comfort or other ischaemic symptoms, who develop new ST-
segment elevations in two contiguous leads or new bundle branch
blocks with ischaemic repolarization patterns as an ST-elevation MI
(STEMI) (see section 27). In contrast, patients without ST-segment
elevation at presentation are usually designated non-ST-elevation MI
(NSTEMI). The categories of patients with STEMI, NSTEMI, or unsta-
ble angina are customarily included in the concept of ACS. In addition
to these categories, MI may be classified into various types based on
pathological, clinical, and prognostic differences, along with different
treatment strategies.

7.1 Myocardial infarction type 1
MI caused by atherothrombotic coronary artery disease (CAD) and
usually precipitated by atherosclerotic plaque disruption (rupture or
erosion) is designated as a type 1 MI. The relative burden of athero-
sclerosis and thrombosis in the culprit lesion varies greatly, and the
dynamic thrombotic component may lead to distal coronary emboli-
zation resulting in myocyte necrosis.44,45 Plaque rupture may
not only be complicated by intraluminal thrombosis but also by
haemorrhage into the plaque through the disrupted surface
(Figure 3).44,45

Table 1 Reasons for the elevation of cardiac troponin
values because of myocardial injury

Myocardial injury related to acute myocardial ischaemia

Atherosclerotic plaque disruption with thrombosis.

Myocardial injury related to acute myocardial ischaemia 
because of oxygen supply/demand imbalance

Reduced myocardial perfusion, e.g.
• Coronary artery spasm, microvascular dysfunction
• Coronary embolism
• Coronary artery dissection
• Sustained bradyarrhythmia
• Hypotension or shock
• Respiratory failure 
• Severe anaemia 

Increased myocardial oxygen demand, e.g.
• Sustained tachyarrhythmia
• Severe hypertension with or without left ventricular 
 hypertrophy

Other causes of myocardial injury 

Cardiac conditions, e.g.
• Heart failure
• Myocarditis
• Cardiomyopathy (any type)
• Takotsubo syndrome
• Coronary revascularization procedure
• Cardiac procedure other than revascularization  
• Catheter ablation
• Defibrillator shocks
• Cardiac contusion

Systemic conditions, e.g.
• Sepsis, infectious disease
• Chronic kidney disease
• Stroke, subarachnoid haemorrhage
• Pulmonary embolism, pulmonary hypertension
• Infiltrative diseases, e.g. amyloidosis, sarcoidosis
• Chemotherapeutic agents
• Critically ill patients
• Strenuous exercise
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For a more comprehensive listing, see39–41
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6 Clinical presentations of
myocardial infarction

Onset of myocardial ischaemia is the initial step in the development
of MI and results from an imbalance between oxygen supply and
demand. Myocardial ischaemia in a clinical setting can most often be
identified from the patient’s history and from the ECG. Possible
ischaemic symptoms include various combinations of chest, upper
extremity, mandibular, or epigastric discomfort during exertion or at

rest, or an ischaemic equivalent such as dyspnoea or fatigue. Often,
the discomfort is diffuse; not localized, nor positional, nor affected by
movement of the region. However, these symptoms are not specific
for myocardial ischaemia and can be observed in other conditions
such as gastrointestinal, neurological, pulmonary, or musculoskeletal
complaints. MI may occur with atypical symptoms such as palpitations
or cardiac arrest, or even without symptoms.12 Very brief episodes
of ischaemia too short to cause necrosis can also cause cTn release
and elevations. The involved myocytes can subsequently die due to
apoptosis.42

If myocardial ischaemia is present clinically or detected by ECG
changes together with myocardial injury, manifested by a rising and/
or falling pattern of cTn values, a diagnosis of acute MI is appropriate.
If myocardial ischaemia is not present clinically, then elevated cTn lev-
els may be indicative of acute myocardial injury if the pattern of values
is rising and/or falling, or related to more chronic ongoing injury if the
pattern is unchanging.14 Similar considerations are relevant when
evaluating events that are potentially related to procedures that may
cause myocardial injury and/or MI. Additional evaluations may lead to
a need for the initial diagnosis to be revised.

Patients with suspected acute coronary syndrome (ACS) that are
ruled out for MI with normal cardiac biomarker values (<_ 99th per-
centile URL) may have unstable angina or an alternative diagnosis.
These patients should be evaluated and treated accordingly.11,43

7 Clinical classification of
myocardial infarction

For the sake of immediate treatment strategies such as reperfusion
therapy, it is usual practice to designate MI in patients with chest dis-
comfort or other ischaemic symptoms, who develop new ST-
segment elevations in two contiguous leads or new bundle branch
blocks with ischaemic repolarization patterns as an ST-elevation MI
(STEMI) (see section 27). In contrast, patients without ST-segment
elevation at presentation are usually designated non-ST-elevation MI
(NSTEMI). The categories of patients with STEMI, NSTEMI, or unsta-
ble angina are customarily included in the concept of ACS. In addition
to these categories, MI may be classified into various types based on
pathological, clinical, and prognostic differences, along with different
treatment strategies.

7.1 Myocardial infarction type 1
MI caused by atherothrombotic coronary artery disease (CAD) and
usually precipitated by atherosclerotic plaque disruption (rupture or
erosion) is designated as a type 1 MI. The relative burden of athero-
sclerosis and thrombosis in the culprit lesion varies greatly, and the
dynamic thrombotic component may lead to distal coronary emboli-
zation resulting in myocyte necrosis.44,45 Plaque rupture may
not only be complicated by intraluminal thrombosis but also by
haemorrhage into the plaque through the disrupted surface
(Figure 3).44,45

Table 1 Reasons for the elevation of cardiac troponin
values because of myocardial injury

Myocardial injury related to acute myocardial ischaemia

Atherosclerotic plaque disruption with thrombosis.

Myocardial injury related to acute myocardial ischaemia 
because of oxygen supply/demand imbalance

Reduced myocardial perfusion, e.g.
• Coronary artery spasm, microvascular dysfunction
• Coronary embolism
• Coronary artery dissection
• Sustained bradyarrhythmia
• Hypotension or shock
• Respiratory failure 
• Severe anaemia 

Increased myocardial oxygen demand, e.g.
• Sustained tachyarrhythmia
• Severe hypertension with or without left ventricular 
 hypertrophy

Other causes of myocardial injury 

Cardiac conditions, e.g.
• Heart failure
• Myocarditis
• Cardiomyopathy (any type)
• Takotsubo syndrome
• Coronary revascularization procedure
• Cardiac procedure other than revascularization  
• Catheter ablation
• Defibrillator shocks
• Cardiac contusion

Systemic conditions, e.g.
• Sepsis, infectious disease
• Chronic kidney disease
• Stroke, subarachnoid haemorrhage
• Pulmonary embolism, pulmonary hypertension
• Infiltrative diseases, e.g. amyloidosis, sarcoidosis
• Chemotherapeutic agents
• Critically ill patients
• Strenuous exercise
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type 3 MI is diagnosed and a subsequent autopsy reveals recent evi-
dence of an MI, with a fresh or recent thrombus in the infarct-related
artery, the type 3 MI should be reclassified to a type 1 MI. Original
investigations addressing the incidence of type 3 MI are sparse, but a
study showed an annual incidence below 10/100 000 person-years
and a frequency of 3 – 4% among all types of MI.60

8 Coronary procedure-related
myocardial injury

Cardiac procedural myocardial injury related to coronary revasculari-
zation procedures, whether percutaneous coronary intervention
(PCI) or coronary artery bypass grafting (CABG), may be temporally
related to the procedure itself, reflecting periprocedural issues, or
may occur later reflecting complications of a device, such as early or
late stent thrombosis or in-stent restenosis for PCI, or graft occlusion
or stenosis with CABG. Late gadolinium enhancement (LGE) cardiac
magnetic resonance (CMR) allows assessment of procedural myocar-
dial injury.61–63 When quantifying procedural injury using LGE-CMR
before and shortly after PCI or CABG, it was found that 32% of
patients had evidence of procedural myocardial injury.63 Furthermore,
it has been shown that patients with elevation of cTnI values after PCI

Atherosclerosis
+ thrombosis

Acute
myocardial infarction

With
acute ischaemiab

Troponin rise and/or fall

Elevated Cardiac Troponin Value(s) >99th percentile URL

Acute
myocardial injury

Without
acute ischaemiab

Troponin level stablea

Chronic
myocardial injury

Oxygen supply
and demand 
imbalance

Type 1 MI: triggers
• Plaque rupture
• Plaque erosion

Examples
• Acute heart failure
• Myocarditis

Type 2 MI: examples
• Severe hypertension
• Sustained tachyarrhythmia

Examples
• Structural heart disease
• Chronic kidney disease
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Figure 6 A model for interpreting myocardial injury. Ischaemic thresholds vary substantially in relation to the magnitude of the stressor and the
extent of underlying cardiac disease. MI = myocardial infarction; URL = upper reference limit. aStable denotes <_ 20% variation of troponin values in
the appropriate clinical context. bIschaemia denotes signs and/or symptoms of clinical myocardial ischaemia.

Criteria for type 3 MI
Patients who suffer cardiac death, with symptoms suggestive of
myocardial ischaemia accompanied by presumed new ischaemic
ECG changes or ventricular fibrillation, but die before blood sam-
ples for biomarkers can be obtained, or before increases in car-
diac biomarkers can be identified, or MI is detected by autopsy
examination.
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Vortestwahrscheinlickeit



Symptome Myokardinfarkt

Typische Symptome 70%

atypische Symptome 15%

Asymptomatisch („stumm“) 15%

Symptome des Myokardinfarktes



Atypische Symptome Myokardinfarkt
Der akute Myokardinfarkt

und „atypische“ Symptomatik

• Herzinsuffizienz
• klassische kurzdauernde Angina-Pectoris Anfälle
• atypische Lokalisierung der Schmerzen
• zentralnervöse Symptome (ähnlich wie Schlaganfall)
• Furcht und Nervosität
• plötzliche psychische Veränderungen, Verwirrtheit
• Synkope
• überwältigende Schwäche
• Plötzliche Magenverstimmung
• Periphere Embolie 

Bean WB, Lancet 1977; Masquerade of Myocardial Infarction



Myokardinfarkt (akutes Koronarsyndrom)

STEMI Instable Angina

-+

NSTEMI

Troponin



EKG Veränderungen bei ACS
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..CAD. Some of the earlier manifestations of myocardial ischaemia are
typical T wave and ST-segment changes. Increased hyperacute T
wave amplitude, with prominent symmetrical T waves in at least two
contiguous leads, is an early sign that may precede the elevation of
the ST-segment. In general, the development of new Q waves indi-
cates myocardial necrosis, which starts minutes/hours after the myo-
cardial insult. Transient Q waves may be observed during an episode
of acute ischaemia or (rarely) during acute MI with successful reper-
fusion. Table 2 lists ST-segment–T wave (ST-T) criteria suggestive of
acute myocardial ischaemia that may or may not lead to MI. The
J-point (junction between QRS termination and ST-segment onset) is
used to determine the magnitude of the ST-segment shift with the

onset of the QRS serving as the reference point. In patients with a
stable baseline, the TP segment (isoelectric interval) is a more accu-
rate method to assess the magnitude of ST-segment shift, and in dis-
tinguishing pericarditis (PTa depression) from acute myocardial
ischaemia. Tachycardia and baseline shift are common in the acute
setting and can make this determination difficult. Therefore, QRS
onset is recommended as the reference point for J-point determina-
tion (Figure 8).

New, or presumed new, J-point elevation >_ 1 mm (1 mm = 0.1
mV) is required in all leads other than V2 and V3 as an ischaemic
response. In healthy men under age 40, J-point elevation can be as
much as 2.5 mm in leads V2 or V3, but it decreases with increasing
age. Sex differences require different cut-off points for women, since
J-point elevation in healthy women in leads V2 and V3 is less than in
men.5 The criteria in Table 2 require that the ST shift be present in
two or more contiguous leads. For example, >_ 2 mm of ST-elevation
in lead V2 and >_ 1 mm in lead V1 would meet the criteria of two
abnormal contiguous leads in a man >_40 years old. However, >_ 1
mm and < 2 mm of ST-elevation, seen only in leads V2–V3 in men (or
< 1.5 mm in women), may represent a normal finding.

It should be noted that lesser degrees of ST displacement or T
wave inversion than those described in Table 2 can also represent an
acute myocardial ischaemic response. In patients with known or high
likelihood of CAD, the clinical presentation is critical to enhance the
specificity of these findings.

Absence of ST-elevation in the precordial leads, tall, prominent,
symmetrical T waves in the precordial leads, upsloping ST-segment
depression > 1 mm at the J-point in the precordial leads, and in most
cases ST-segment elevation (> 1 mm) in lead aVR or the symmetrical,
often deep (> 2 mm), T wave inversions in the anterior precordial
leads are associated with significant left anterior descending artery
(LAD) occlusion.151–153 ST-elevation in lead aVR > 1 mm may
accompany anterior or inferior STEMI, and is associated with
increased 30 day mortality in patients with acute MI.154 Pulmonary
embolism, intracranial processes, electrolyte abnormalities, hypo-
thermia, or perimyocarditis may also result in ST-T abnormalities and
should be considered in the differential diagnosis.

The ECG diagnosis of atrial infarction should be suspected in the
context of ventricular infarction (particularly when the right ventricle
is involved) if small, transient elevations and reciprocal depressions of
the PR (PTa) segment are noted associated with changes in configura-
tion of the P wave.

28 Application of supplemental
electrocardiogram leads

Supplemental leads, as well as serial ECG recordings, should be
deployed with a very low threshold in patients who present with
ischaemic chest pain and a non-diagnostic initial ECG.155,156 ECG evi-
dence of myocardial ischaemia in the distribution of a left circumflex
artery is often overlooked. Isolated ST-segment depression >_ 0.5
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Figure 8 Electrocardiogram example of ST-segment elevation.
The initial onset of the Q wave shown by arrow 1 serves as the
reference point and arrow 2 shows the onset of the ST-segment or
J-point. The difference between the two identifies the magnitude of
displacement. Measurements of both arrows should be made from
the top of the electrocardiogram line tracing.

Table 2 Electrocardiographic manifestations sugges-
tive of acute myocardial ischaemia (in the absence of
left ventricular hypertrophy and bundle branch block)

ST-elevation

New ST-elevation at the J-point in two contiguous leads with 
the cut-point: ≥ 1 mm in all leads other than leads V2–V3 where 
the following cut-points apply: ≥ 2mm in men ≥ 40 years; 
≥ 2.5 mm in men < 40 years, or ≥ 1.5 mm in women regardless 
of age.a

ST-depression and T wave changes

New horizontal or downsloping ST-depression ≥ 0.5 mm 
in two contiguous leads and/or T inversion > 1  mm in two 
contiguous leads with prominent R wave or R/S ratio > 1 .
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aWhen the magnitudes of J-point elevation in leads V2 and V3 are registered
from a prior electrocardiogram, new J-point elevation >_ 1 mm (as compared
with the earlier electrocardiogram) should be considered an ischaemic response.
For bundle branch block, see section below.
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..CAD. Some of the earlier manifestations of myocardial ischaemia are
typical T wave and ST-segment changes. Increased hyperacute T
wave amplitude, with prominent symmetrical T waves in at least two
contiguous leads, is an early sign that may precede the elevation of
the ST-segment. In general, the development of new Q waves indi-
cates myocardial necrosis, which starts minutes/hours after the myo-
cardial insult. Transient Q waves may be observed during an episode
of acute ischaemia or (rarely) during acute MI with successful reper-
fusion. Table 2 lists ST-segment–T wave (ST-T) criteria suggestive of
acute myocardial ischaemia that may or may not lead to MI. The
J-point (junction between QRS termination and ST-segment onset) is
used to determine the magnitude of the ST-segment shift with the

onset of the QRS serving as the reference point. In patients with a
stable baseline, the TP segment (isoelectric interval) is a more accu-
rate method to assess the magnitude of ST-segment shift, and in dis-
tinguishing pericarditis (PTa depression) from acute myocardial
ischaemia. Tachycardia and baseline shift are common in the acute
setting and can make this determination difficult. Therefore, QRS
onset is recommended as the reference point for J-point determina-
tion (Figure 8).

New, or presumed new, J-point elevation >_ 1 mm (1 mm = 0.1
mV) is required in all leads other than V2 and V3 as an ischaemic
response. In healthy men under age 40, J-point elevation can be as
much as 2.5 mm in leads V2 or V3, but it decreases with increasing
age. Sex differences require different cut-off points for women, since
J-point elevation in healthy women in leads V2 and V3 is less than in
men.5 The criteria in Table 2 require that the ST shift be present in
two or more contiguous leads. For example, >_ 2 mm of ST-elevation
in lead V2 and >_ 1 mm in lead V1 would meet the criteria of two
abnormal contiguous leads in a man >_40 years old. However, >_ 1
mm and < 2 mm of ST-elevation, seen only in leads V2–V3 in men (or
< 1.5 mm in women), may represent a normal finding.

It should be noted that lesser degrees of ST displacement or T
wave inversion than those described in Table 2 can also represent an
acute myocardial ischaemic response. In patients with known or high
likelihood of CAD, the clinical presentation is critical to enhance the
specificity of these findings.

Absence of ST-elevation in the precordial leads, tall, prominent,
symmetrical T waves in the precordial leads, upsloping ST-segment
depression > 1 mm at the J-point in the precordial leads, and in most
cases ST-segment elevation (> 1 mm) in lead aVR or the symmetrical,
often deep (> 2 mm), T wave inversions in the anterior precordial
leads are associated with significant left anterior descending artery
(LAD) occlusion.151–153 ST-elevation in lead aVR > 1 mm may
accompany anterior or inferior STEMI, and is associated with
increased 30 day mortality in patients with acute MI.154 Pulmonary
embolism, intracranial processes, electrolyte abnormalities, hypo-
thermia, or perimyocarditis may also result in ST-T abnormalities and
should be considered in the differential diagnosis.

The ECG diagnosis of atrial infarction should be suspected in the
context of ventricular infarction (particularly when the right ventricle
is involved) if small, transient elevations and reciprocal depressions of
the PR (PTa) segment are noted associated with changes in configura-
tion of the P wave.

28 Application of supplemental
electrocardiogram leads

Supplemental leads, as well as serial ECG recordings, should be
deployed with a very low threshold in patients who present with
ischaemic chest pain and a non-diagnostic initial ECG.155,156 ECG evi-
dence of myocardial ischaemia in the distribution of a left circumflex
artery is often overlooked. Isolated ST-segment depression >_ 0.5
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Figure 8 Electrocardiogram example of ST-segment elevation.
The initial onset of the Q wave shown by arrow 1 serves as the
reference point and arrow 2 shows the onset of the ST-segment or
J-point. The difference between the two identifies the magnitude of
displacement. Measurements of both arrows should be made from
the top of the electrocardiogram line tracing.

Table 2 Electrocardiographic manifestations sugges-
tive of acute myocardial ischaemia (in the absence of
left ventricular hypertrophy and bundle branch block)

ST-elevation

New ST-elevation at the J-point in two contiguous leads with 
the cut-point: ≥ 1 mm in all leads other than leads V2–V3 where 
the following cut-points apply: ≥ 2mm in men ≥ 40 years; 
≥ 2.5 mm in men < 40 years, or ≥ 1.5 mm in women regardless 
of age.a

ST-depression and T wave changes

New horizontal or downsloping ST-depression ≥ 0.5 mm 
in two contiguous leads and/or T inversion > 1  mm in two 
contiguous leads with prominent R wave or R/S ratio > 1 .
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aWhen the magnitudes of J-point elevation in leads V2 and V3 are registered
from a prior electrocardiogram, new J-point elevation >_ 1 mm (as compared
with the earlier electrocardiogram) should be considered an ischaemic response.
For bundle branch block, see section below.
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STEMI

12-Kanal-EKG aus dem Notarztwagen



EKG- Infarkt StadienInfarktstadien im EKG



Time to PCI and mortality

Berger PB, et al. Circulation.100: 14-20 (1999)

Time to PCI / Revascularization



Reperfusion bei STEMI – dringlich!!!

Wichtigstes Ziel in der Infarktbehandlung

Frühe,
komplette
und anhaltende Reperfusion des Myokards

„time is life, time is muscle“

Akutes Koronarsyndrom mit 
„ST- Hebungen“  = STEMI



Verdacht auf NSTEMI 
Diagnose mittels Biomarker 0/1h Algorithmus



Outcome nach ACS
ACS: 30Tage Komplikationsrate
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5-Jahresmortalität nach ACS bleibt hoch

Analysis of patients in the UK and Belgium with ACS

ACS=acute coronary syndromes; GRACE=Global Registry of Acute Coronary Events; UA=unstable angina.

Fox AA et al. Underestimated and under-recognized: the late consequences of acute coronary syndrome (GRACE UK-Belgian Study). Eur Heart J. 2010;31:2755-2764
Mozaffarian D et al. Heart disease and stroke statistics--2015 update: a report from the American Heart Association. Circulation. 2015 Jan 27;131(4):e29-322. 

GRACE registry:
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Sweden 19.8
(19.4-20.2)
USA 18.2 (17.6-
18.9)

Adjusted risk (%)

Shaded areas correspond to 95% confidence intervals

APOLLO* 4-Country Analysis: Adjusted incidence†

* >150,000 patients.
†Adjusted for differences in study populations. Shaded areas near color lines and figures in brackets represent 95% confidence interval.

Hemingway H . Presentation at ESC congress 2014. Slides available: http://congress365.escardio.org/Search-Results?vgnextkeyword=hemingway  (last checked 04.12.2014)
Rapsomaniki E et al. Prognostic models for stable coronary artery disease based on electronic health record cohort of 102 023 patients. Eur Heart J. 2014 Apr;35(13):844-52.

Hohes CV Risiko auch nach ereignisfreiem ersten Jahr

http://www.ncbi.nlm.nih.gov/pubmed/24353280


Besten Dank für Ihre 
Aufmerksamkeit!

PD Dr. med. Dr. sc. nat. Erik W. Holy
Oberarzt

Andreas Grüntzig-Herzkatheterlabor
Universitäres Herzzentrum Zürich

erik.holy@usz.ch

mailto:Erik.holy@usz.ch

