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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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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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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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cTn = cardiac troponin; ECG = electrocardiogram; URL = upper
reference limit.
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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
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patients depending on the magnitude of the stressor, the presence of
non-cardiac comorbidities, and the extent of underlying CAD and
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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
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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.
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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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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.

Expert consensus document 11

Downloaded from https://academic.oup.com/eurheartj/advance-article-abstract/doi/10.1093/eurheartj/ehy462/5079081
by guest
on 02 September 2018



..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..

..It appears advisable in the acute setting to treat the underlying
ischaemic imbalance of oxygen supply and demand. This treatment
may include volume adjustment, blood pressure management, admin-
istration of blood products, heart-rate control, and respiratory sup-
port.47,48 Depending on the clinical situation, coronary evaluations
may be indicated to assess the likelihood of CAD. If it is present, the
MI Guidelines may be applied in accordance with the ECG findings of
STEMI or NSTEMI.46,47 However, if CAD is absent, the benefits of
cardiovascular risk reduction strategies with type 2 MI remain
uncertain.

7.3 Myocardial infarction type 2 and
myocardial injury
Type 2 MI and myocardial injury are frequently encountered in clini-
cal practice and both are related to a poor outcome.13,14,49,51,56

A conceptual model to facilitate the clinical distinction between acute
ischaemic myocardial injury with or without an acute atherothrom-
botic event (type 1 or type 2 MI) vs. conditions without acute ischae-
mic myocardial injury is displayed in Figure 6. Acute MI requires a
rising and/or falling pattern of cTn values. Acute myocardial injury
may also manifest such a pattern but if the injury is related to struc-
tural heart disease, the cTn values may be stable and unchanging.

Type 2 MI and non-ischaemic myocardial injury may coexist. It should
be recognized that some disease entities may be on both sides of the
diagram, e. g. acute heart failure that may occur in the context of
acute myocardial ischaemia. Nevertheless, abnormal cTn values in
the setting of acute and/or chronic heart failure are often better cate-
gorized as a myocardial injury condition. Few studies have compared
the incidence and clinical features of type 2 MI vs. myocardial injury
without acute myocardial ischaemia.

7.4 Myocardial infarction type 3
The detection of cardiac biomarkers in the blood is fundamental for
establishing the diagnosis of MI.10,12 However, patients can manifest a
typical presentation of myocardial ischaemia/infarction, including pre-
sumed new ischaemic ECG changes or ventricular fibrillation, and die
before it is possible to obtain blood for cardiac biomarker determina-
tion; or the patient may succumb soon after the onset of symptoms
before an elevation of biomarker values has occurred. Such patients
are designated as having a type 3 MI, when suspicion for an acute
myocardial ischaemic event is high, even when cardiac biomarker evi-
dence of MI is lacking.10,12 This category allows the separation of fatal
MI events from the much larger group of sudden death episodes that
may be cardiac (non-ischaemic) or non-cardiac in origin. When a
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Figure 5 Framework for type 2 myocardial infarction considering the clinical context and pathophysiological mechanisms attributable to acute
myocardial ischaemia. The illustration above is modified from Januzzi and Sandoval.59
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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
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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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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
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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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ECG

• ST sopra in aVR o V1+ ST sotto >=1mm in 6 derivazioni: 
coronaropatia critica multivasale o tronco comune


• SGARBOSSA







REINFARTO

• Termine usato per un MI acuto che si verifica entro 28 gg 
da un infarto precedente


• ECG : ST elevato>=1 mm o nuova onda Q in due 
derivazioni contigue


• hs-cTn all’arrivo e 3-6h dopo : se positiva all’arrivo ci 
deve essere un delta >20%, mentre se la prima è normale 
valgono i soliti criteri



TAKOTSUBO



TAKOTSUBO
• 1-2% dei pazienti con sospetto STEMI


• trigger: intento stress emotivo/fisico, 90% donne post menopausa


• mortalità simile a STEMI 4-5%


• ECG: ST sopra (44%casi) precordiali e laterali, ST sotto (<10%) dopo 
12-24h, T simmetriche e profonde con QTc allungato


• hs-cTn modesta elavazione nel 95% dei casi, in contrasto che le alterazioni 
diffuse ECG e della cinesi


• eco: alterazioni della cinesi VS apicali (82%) medio (14,6) basali (2,2%)


• angiografia: coronarie normali o con stenosi non sufficienti a spiegare il 
quadro clinico



TAKOTSUBO VS MI

• QTc allungato >500ms durante la fase acuta


• recupero della funzionalità del VS oltre le 2-4 settimane



MINOCA
Myocardial Infarction with Non-Obstructive Coronary Arteries



MINOCA



MISCELLANEA

• insufficienza renale


• paziente critico


• fibrillazione atriale 





"Per me,una persona 
eccezionale è quella che si 
interroga sempre, laddove 
gli altri vanno avanti come 
pecore..."

(Fabrizio De André)


