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Fig. 4 Kaplan-Meier survival plots, stratified by group (red no injury; green acute myoccardial injury; blue myocardial infarction). a All patients,
log rank test y*=11.8 (df=2), p=0.003. b Patients with acute physiological score > 13 (median population value), log rank test x* =64 (df=2),
p=0.042. ¢ Patients with acute physiological score < 13, log rank test y’ = 105 (df=2) p=0.005
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Figure | 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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Universal Definition of Myocardial Infarction o e

Criteria for Clinical Myocardial Infarction

Clinical definition of myocardial infarction denotes presence of
acute myocardial injury detected by abnormal cardiac biomarkers

in the setting of evidence of acute myocardial ischaemia.
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Universal Definition of Myocardial Injury ©ESCM

of Cardiology

Criteria for Myocardial Injury

Detection of elevated cardiac troponin (cTn) values above the 99t
percentile upper reference limit (URL) is defined as myocardial
injury. The injury is considered acute if there is a rise and/or fall of
cTn values

Criteria for Cardiac Procedural Myocardial Injury

Cardiac procedural related myocardial injury is defined by elevation
of cTn values (>99th percentile URL) in patients with normal
baseline value(s) or a rise of cTn values >20% of the baseline
value when it is >99th percentile URL but is stable or falling

Fourth Joint ESC/ACC/AHA/WHF Universal Definition of Myocardial Infarction
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Table I 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.qg.
* Coronary artery spasm, microvascular dysfunction
* Coronary embolism
« Coronary artery dissection
* Sustained bradyarrhythmia
* Hypotension or shock
* Respiratory failure
+ Severe anaemia

Increased myocardial oxygen demand, e.q.
* Sustained tachyarrhythmia
+ Severe hypertension with or without left ventricular
hypertrophy




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

Other causes of myocardial injury

Cardiac conditions, e.qg.
* 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.q.
* Sepsis, infectious disease
* Chronic kidney disease
* Stroke, subarachnoid haemorrhage
* Pulmonary embolism, pulmonary hypertension
* Infiltrative diseases, e.qg. amyloidosis, sarcoidosis
* Chemotherapeutic agents
* Critically ill patients
* Strenuous exercise




Spectrum of Myocardial Injury, ranging from @ESC
no Injury to Myocardial Infarction Curopean Society

No myocardial injury

Increased cTn =
. myocardial
injury
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A Model for interpreting Myocardial Injury and
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Myocardial Infarction Type 1 @ESC

European Society
of Cardiology

Myocardial infarction Type 1

o= »

Plaque rupture/erosion with
occlusive thrombus

= Q.

Plaque rupture/erosion with
non-occlusive thrombus
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Criteria for Type 1 Myocardial Infarction ©ESC

of Cardiology

Detection of a rise and/or fall of cTn 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 including
intracoronary imaging or by autopsy.

Fourth Joint ESC/ACC/AHA/WHF Universal Definition of Myocardial Infarction
European Heart Journal (2018) doi:10.1093/eurheartj/ehy462
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Myocardial Infarction Type 2 @ESC

European Society

of Cardiology
Atherosclerosis and oxygen
supply!demand imbalance

.

Vasospasm or coronary
microvascular dysfunction

== o

Non-atherosclerotic
coronary dissection

b

Oxygen supply/demand

imbalance alone ® 12
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Criteria for Type 2 Myocardial Infarction ©ESCW

of Cardiology

Detection of a rise and/or fall of cTn with at least one value above
the 99th percentile URL and evidence of an imbalance between
myocardial oxygen supply and demand unrelated to coronary
thrombosis, requiring at least one of them:

+ 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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Framework for Type 2 Ml considering the Clinical Context @) ESC_
uropean cle

and Mechanisms attributable to Acute Myocardial Ischaemia i carioiogy

—( Secondary to another illness or process )

- Context )
ey —(Maln reason leading to clinical presentation (e.g. chest pain])

—{_ Fixed coronary atherosclerosis

Type 2
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—( Sustained tachyarrhythmia )

_{ Evere hmﬁnsion +/- )

— Mechanisms

—( Severe bradyarrhythmia )
—( Respiratory failure )
3lschaemic thresholds vary substantially in — Severe anaemia )
relation to the magnitude of the stressor and ( Hypotension/Shock )

the extent of underlying cardiac disease.
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Prognosis in type 2 Ml and Myocardial Injury: 1 year follow-up

All-cause death

Myocardial injury: 37%

- Unselected hospital cohort

- 2122 patients with cardiac

Type 2 MI: 31%

troponin values > 99th URL
- Classification:

Type 2 Ml in 429 (20.2%) . Type 1 MI: 16%
Myocardial Injury in 522 (24.6%)

Cumulative incidence

Shah et al. Am J Med 2015;128:493-501



Conceptual lllustration of Troponin Kinetics
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Rapid early rule-in of AMI with high-sensitivity cardiac troponin

Acute chest pain
! \

| Initial hs-cTn value < URL | Initial hs-cTn value > URL |

| |

hs-cTn value at 3 h >URL +
increase >20% of initial value

Measurement
at admission

necrosis

+ increase >50% of URL

Optional l y N l
Ghlater | hs-cTn value at8h >URL hs-cTn value at6 h >URL +
+ increase >50% of URL | Evidence of increase >20% of initial value

ischaemia®

N

Myocardial
infarction

How to use high-sensitivity cardiac troponins in acute cardiac care’

Eur Heart J. 2012;33(18):2252-2257. doi:10.1093/eurheartj/ehs154
Eur Heart J | Published on behalf of the European Society of Cardiology. All rights reserved. © The Author 2012. For permissions
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Figure 1. Temporal Pattern of Cardiovascular Risk after the Onset of Acute
Infection.

The risk of a cardiovascular event is several times higher after the onset of
respiratory infection than in the absence of infection. The risk of a cardio-
vascular event is proportional to the severity of the infection. The risk re-
turns to baseline over a period of weeks after an upper respiratory tract
infection. However, the time required for the risk to return to baseline is
prolonged after a severe infection, such as pneumonia. Data are pooled
from Smeeth et al.,? Kwong et al.,* Corrales-Medina et al.,'* Warren-Gash
et al.,'* and Warren-Gash et al **
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Figure 2. Features Present at the Time of Cardiac Invelvement in Acute Infection.

Shown is a vulnerable plaque {thin-cap fibreatheroma) during early infection before the development of myocardial
infarction. Lipids have already accumulated in the wall of the coronary artery, with thinning of the internal elastic
membrane, disruption of intimal and smooth-muscle cells, and fibrin deposition. Also present are foamy macro-
phages, T lymphocytes, metalloproteinases, peptidases, and neutrophil extracellular traps. In the lumen are inflam-
matory cytokines, incuding tumor necrosis factor a0 (THF-a) and interleukins 1, 6, and 8, that result from sepsis
elsewhere in the body. ™
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Figure 3. Mechanisms of Cardiac Involvement in Acute Infection.

Panel A shows rupture of an atheromatous plaque, the mechanism of type
1 myocardial infarction. As a result of the inflammation that develops with
infection, the thin-cap atheroma ruptures, releasing inflammatory cells and
fibrin into the lumen. In the presence of circulating procoagulants and ac-
tivated platelets, this release causes immediate accumulation of platelets,
fibrin, and neutrophils and trapping of red cells, all of which cause acute
obstruction of the coronary arteries. Panel B shows the process of demand
ischemia, the mechanism of type 2 myocardial infarction. Acute infection
causes the release of interleukin-1, TNF-e, and catecholamines, which in-
crease the core body temperature, oxygen demand, and heart rate. Coro-
nary perfusion declines because of decreased filling time. Cytokines also
act to suppress cardiac output. These factors, taken together, cause a mis-
match of oxygen needs and oxygen supply, resulting in demand ischemia.
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