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 58 

Abbreviations and acronyms 59 

ACC American College of Cardiology 
ACCF American College of Cardiology Foundation 
ACS acute coronary syndrome 
AHA American Heart Association 
ARC-2 Academic Research Consortium-2 
AUC area under the curve 
CAD coronary artery disease 

CABG coronary artery bypass grafting 
CKD chronic kidney disease 
CK-MB creatine kinase MB isoform 
CMR cardiac magnetic resonance 
CTCA computed tomographic coronary angiography 
cTn cardiac troponin 
cTnI cardiac troponin I 
cTnT cardiac troponin T 
CT computed tomography 
CV coefficient of variation 
EF ejection fraction 
ECG electrocardiogram or electrocardiographic 
ESC 
g 

European Society of Cardiology 
gram(s) 

h hour(s) 
HF heart failure 
hs-cTn high-sensitivity cardiac troponin 
IFCC International Federation of Clinical Chemistry and Laboratory Medicine 
ISFC International Society and Federation of Cardiology 
LAD left anterior descending artery 
LBBB left bundle branch block 
LoD limit of detection 
LGE late gadolinium enhancement 
LGE-CMR 
LV 
LVH 

late gadolinium enhancement cardiac magnetic resonance 
left ventricular 
left ventricular hypertrophy 

MI myocardial infarction 
min minute(s) 
MINOCA myocardial infarction with non-obstructive coronary arteries 
mm millimetre 
MONICA MONItoring of trends and determinants in CArdiovascular disease 
MPS myocardial perfusion scintigraphy 
ms millisecond 
mV millivolt 
ng/L nanograms per litre 
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 63 

 64 

 65 

 66 

 67 

 68 

 69 

 70 

 71 

 72 

 73 

 74 

 75 

 76 

 77 

 78 

ECG = electrocardiogram; MINOCA = myocardial infarction with non-obstructive coronary 79 

arteries; STEMI = ST-elevation myocardial infarction. 80 

 81 

NHLBI National Heart, Lung, and Blood Institute 
NSTEMI non-ST-elevation myocardial infarction 
PET positron emission tomography 
PCI percutaneous coronary intervention 
POC point of care 
RBBB right bundle branch block 
s second(s) 
SPECT single photon emission computed tomography 
STEMI ST-elevation myocardial infarction 
ST-T ST-segment–T wave 
TIMI Thrombolysis in Myocardial Infarction 
TTS 
UDMI 

takotsubo syndrome 
Universal Definition of Myocardial Infarction 

URL upper reference limit 
WHF World Heart Federation 
WHO World Health Organization 
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82 
CABG = coronary artery bypass grafting; cTn = cardiac troponin; ECG = 83 

electrocardiogram; MI = myocardial infarction; PCI = percutaneous coronary 84 

intervention; URL = upper reference limit.  85 
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   86 

Introduction 87 

In the late 19th century, post-mortem examinations demonstrated a possible relationship 88 

between thrombotic occlusion of a coronary artery and myocardial infarction (MI).1 89 

However, it was not until the beginning of the 20th century that the first clinical 90 

descriptions appeared describing a connection between the formation of a thrombus in a 91 

coronary artery and its associated clinical features.2,3 Despite these landmark 92 

observations, considerable time elapsed before general clinical acceptance of this entity 93 

was achieved, in part due to one autopsy study showing no thrombi in the coronary 94 

arteries of 31% of deceased patients with an MI.4 The clinical entity  was referred to as 95 

coronary thrombosis, although ultimately, the term ‘myocardial infarction’ prevailed. 96 

Over the years, several different definitions of MI were used, leading to controversy and 97 

confusion. Hence, a general and worldwide definition for MI was needed. This occurred 98 

for the first time in the 1950–70s, when working groups from the World Health 99 

Organization (WHO) established a primarily electrocardiographic (ECG)-based definition 100 

of MI intended for epidemiological use.5 The original description, with minor 101 

modifications, is still used in epidemiological surveys.6–8 (Figure 1) 102 

 103 

Figure 1 History of documents on the definition of myocardial infarction 104 

 105 

ACC = American College of Cardiology; AHA = American Heart Association; ESC = European Society of 106 

Cardiology; ISFC = International Society and Federation of Cardiology; MONICA = MONItoring of trends and 107 

determinants in CArdiovascular disease; NHLBI = National Heart, Lung, and Blood Institute; UDMI = Universal 108 

Definition of Myocardial Infarction; WHF = World Heart Federation; WHO = World Health Organization. 109 

 110 

 111 

With the introduction of more sensitive cardiac biomarkers, the European Society of 112 

Cardiology (ESC) and the American College of Cardiology (ACC) collaborated to redefine 113 
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MI using a biochemical and clinical approach, and reported that myocardial injury 114 

detected by abnormal biomarkers in the setting of acute myocardial ischaemia should be 115 

labelled as MI.9 The principle was further refined by the Global MI Task Force, leading to 116 

the Universal Definition of Myocardial Infarction Consensus Document in 2007, 117 

introducing a novel MI classification system with five subcategories.10 This document, 118 

endorsed by the ESC, the American College of Cardiology (ACC), the American Heart 119 

Association (AHA), and the World Heart Federation (WHF), was adopted by the WHO.11 120 

The development of even more sensitive assays for markers of myocardial injury made 121 

further revision of the document necessary, particularly for patients who undergo 122 

coronary procedures or cardiac surgery. As a result, the Joint ESC/ACC/AHA/WHF Task 123 

Force produced the Third Universal Definition of Myocardial Infarction Consensus 124 

Document in 2012.12 125 

 126 

Studies have shown that myocardial injury, defined by an elevated cardiac troponin (cTn) 127 

value, is frequently encountered clinically and is associated with an adverse 128 

prognosis.13,14 Although myocardial injury is a prerequisite for the diagnosis of MI it is 129 

also an entity in itself. To establish a diagnosis of MI, criteria in addition to abnormal 130 

biomarkers are required. Non-ischaemic myocardial injury may arise secondary to many 131 

cardiac conditions such as myocarditis, or may be associated with non-cardiac conditions 132 

such as renal failure.15 Therefore, for patients with increased cTn values, clinicians must 133 

distinguish whether patients have suffered a non-ischaemic myocardial injury or one of 134 

the MI subtypes. If there is no evidence to support the presence of myocardial ischaemia, 135 

a diagnosis of myocardial injury should be made. This diagnosis can be changed if 136 

subsequent evaluation indicates criteria for MI. The current Fourth Universal Definition of 137 

Myocardial Infarction Consensus Document reflects these considerations through 138 

adhering to the clinical approach of the definition of myocardial infarction. 139 

 140 

Clinical criteria for myocardial infarction  141 

Clinical definition of MI denotes presence of acute myocardial injury detected by 142 

abnormal cardiac biomarkers in the setting of evidence of acute myocardial ischaemia. 143 

 144 

 145 

Pathological characteristics of myocardial ischaemia and infarction 146 

MI is defined pathologically as myocardial cell death due to prolonged ischaemia. 147 

Diminished cellular glycogen and relaxed myofibrils and sarcolemmal disruption are the 148 

first ultrastructural changes and are seen as early as at 10–15 minutes (min) after the 149 

onset of ischaemia.16 Mitochondrial abnormalities are observed as early as 10 min after 150 

coronary occlusion by electron microscopy and are progressive.17 It can take hours 151 

before myocyte necrosis can be identified by post-mortem examination in humans; this is 152 

in contrast to animal models, in which biochemical evidence of myocardial cell death due 153 
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to apoptosis can be detected within 10 min of induced myocardial ischaemia in 154 

association with myocyte death.15 Experimentally, necrosis progresses from the 155 

subendocardium to the subepicardium over several hours. The time course may be 156 

prolonged by increased collateral flow, reduced determinants of myocardial oxygen 157 

consumption and intermittent occlusion/reperfusion which can precondition the heart.18 158 

Timely implementation of reperfusion therapy, when appropriate, reduces ischaemic 159 

injury of the myocardium.19,20 
160 

 
161 

Biomarker detection of myocardial injury and infarction 162 

Cardiac troponin I (cTnI) and T (cTnT) are components of the contractile apparatus of 163 

myocardial cells and are expressed almost exclusively in the heart.21,22 Increases in cTnI 164 

values have not been reported to occur following injury to non-cardiac tissues. The 165 

situation is more complex for cTnT. Biochemical data indicate that injured skeletal muscle 166 

expresses proteins that are detected by the cTnT assay, leading to some situations where 167 

elevations of cTnT could emanate from skeletal muscle.23–27 Recent data suggest that the 168 

frequency of such elevations in the absence of ischaemic heart disease may be higher 169 

than originally thought.28,29 cTnI and cTnT are the preferred biomarkers for the 170 

evaluation of myocardial injury,12,21,22,30 and high-sensitivity (hs)-cTn assays are 171 

recommended for routine clinical use.22 Other biomarkers e.g. creatine kinase MB isoform 172 

(CK-MB) are less sensitive and less specific.31 Myocardial injury is defined to be present 173 

when blood levels of cTn are increased above the 99th percentile upper reference limit 174 

(URL).12,21,22,30 The injury  may be acute, as evidenced by a newly detected dynamic 175 

rising and/or falling pattern of cTn values above the 99th percentile URL, or chronic, in 176 

the setting of persistently elevated cTn levels. 177 

 178 

Criteria for myocardial injury 179 

Detection of an elevated cTn value above the 99th percentile URL is defined as 180 

myocardial injury. The injury is considered acute if there is a rise and/or fall of cTn 181 

values. 182 

 183 

Although elevated cTn values reflect injury to myocardial cells, they do not indicate the 184 

underlying pathophysiologic mechanisms, and can  arise following preload-induced 185 

mechanical stretch or physiological stresses in otherwise normal hearts.32–34 Various 186 

causes have been suggested for the release of structural proteins from the myocardium, 187 

including normal turnover of myocardial cells, apoptosis, cellular release of cTn 188 

degradation products, increased cellular wall permeability, formation and release of 189 

membranous blebs, and myocyte necrosis.27,35 Yet, it is not possible clinically to 190 

distinguish which increases of cTn levels are due to which mechanisms.36 However, 191 

regardless of the mechanism, acute myocardial injury when associated with a rising 192 
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and/or falling pattern of cTn values with at least one value above the 99th percentile 193 

URL and caused by myocardial ischaemia is designated as an acute MI.12,21,22,30 194 

Histological evidence of myocardial injury with myocyte death can be detected in clinical 195 

conditions associated with non-ischaemic mechanisms of myocardial injury as well.37,38 196 

(Figure 2) 197 

 198 

Figure 2 Spectrum of myocardial injury, ranging from no injury to myocardial infarction  199 
cTn = cardiac troponin; URL = upper reference limit. 200 

aNo myocardial injury = cTn values ≤99th percentile URL or not detectable.  201 
bMyocardial injury = cTn values >99th percentile URL.  202 
cMyocardial infarction = clinical evidence of myocardial ischaemia and a rise and/or fall of cTn values >99th 203 
percentile URL.  204 
Various clinical entities may involve these myocardial categories for example, ventricular tachyarrhythmia, 205 
heart failure, kidney disease, hypotension/shock, hypoxaemia and anaemia. 206 

 207 

Myocardial ischaemic or non-ischaemic conditions associated with increased cTn values 208 

are presented in Table 1. The complexity of clinical circumstances may sometimes make 209 

it difficult to discriminate specific individual mechanism(s) of myocardial injury. In this 210 

situation, the multifactorial contributions resulting in myocardial injury should be 211 

described in the patient record. 212 

  213 
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 214 

 215 

 216 

Table 1 Reasons for elevation of cardiac troponin values because of myocardial injury 217 

 218 

 219 

For a more comprehensive listing, see39–41 220 

Clinical presentations of myocardial infarction 221 
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Onset of myocardial ischaemia is the initial step in the development of MI and results 222 

from an imbalance between oxygen supply and demand. Myocardial ischaemia in a 223 

clinical setting can most often be identified from the patient’s history and from the ECG. 224 

Possible ischaemic symptoms include various combinations of chest, upper extremity, 225 

mandibular or epigastric discomfort during exertion or at rest or an ischaemic equivalent 226 

such as dyspnoea or fatigue. Often, the discomfort is diffuse, not localized, nor 227 

positional, nor affected by movement of the region. However, these symptoms are not 228 

specific for myocardial ischaemia and can be observed in other conditions such as 229 

gastrointestinal, neurological, pulmonary or musculoskeletal complaints. MI may occur 230 

with atypical symptoms such as palpitations or cardiac arrest, or even without 231 

symptoms.12 Very brief episodes of ischaemia too short to cause necrosis can also cause 232 

cTn release and elevations. The involved myocytes can subsequently die due to 233 

apoptosis.42 234 

 235 

If myocardial ischaemia is present clinically or detected by ECG changes together with 236 

myocardial injury, manifested by a rising and/or falling pattern of cTn values, a diagnosis 237 

of acute MI is appropriate. If myocardial ischaemia is not present clinically, then elevated 238 

cTn levels may be indicative of acute myocardial injury if the pattern of values is rising 239 

and/or falling, or related to more chronic ongoing injury if the pattern is unchanging.14 240 

Similar considerations are relevant when evaluating events potentially related to 241 

procedures that may cause myocardial injury and/or MI. Additional evaluations may lead 242 

to the need for the initial diagnosis to be revised. 243 

 244 

Patients with suspected acute coronary syndrome (ACS) that rule-out for MI with normal 245 

cardiac biomarker values (≤99th percentile URL) may have unstable angina or an 246 

alternative diagnosis. These patients should be evaluated and treated accordingly.11,43 247 

 248 

Clinical classification of myocardial infarction 249 

For the sake of immediate treatment strategies such as reperfusion therapy, it is usual 250 

practice to designate MI in patients with chest discomfort or other ischaemic symptoms, 251 

who develop new ST-segment elevations in two contiguous leads, or new bundle branch 252 

blocks with ischaemic repolarization patterns as an ST-elevation MI (STEMI) (see ECG 253 

section). In contrast, patients without ST-segment elevation at presentation are usually 254 

designated non-ST-elevation MI (NSTEMI). The categories of patients with STEMI, 255 

NSTEMI or unstable angina are customarily included in the concept of ACS. In addition to 256 

these categories, MI may be classified into various types based on pathological, clinical, 257 

and prognostic differences along with different treatment strategies. 258 

 259 

Myocardial infarction type 1 260 
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MI caused by athero-thrombotic coronary artery disease (CAD) and usually precipitated 261 

by atherosclerotic plaque disruption (rupture or erosion) is designated as a type 1 MI. 262 

The relative burden of atherosclerosis and thrombosis in the culprit lesion varies greatly, 263 

and the dynamic thrombotic component may lead to distal coronary embolization 264 

resulting in myocyte necrosis.44,45 Plaque rupture may not only be complicated by 265 

intraluminal thrombosis but also by haemorrhage into the plaque through the disrupted 266 

surface.44,45 (Figure 3). 267 

 268 

Figure 3 Myocardial infarction type 1 269 

 270 

 
271 

 272 

 273 

Criteria for type 1 MI 274 

Detection of a rise and/or fall of cTn with at least one value above the 99th percentile 275 

URL and with at least one of the following: 276 

- Symptoms of acute myocardial ischaemia; 277 

- New ischaemic ECG changes; 278 

- Development of pathological Q waves; 279 

- 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.a 

 

cTn = cardiac troponin; ECG = electrocardiogram; URL = upper reference limit. 
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aPost-mortem demonstration of an athero-thrombus in the artery supplying the infarcted 280 

myocardium or macroscopically a large circumscribed area of necrosis with or without 281 

intramyocardial haemorrhage meets the type 1 MI criteria regardless of cTn values. 282 

 283 

It is essential to integrate the ECG findings with the aim of classifying type 1 MI into 284 

STEMI or NSTEMI in order to establish the appropriate treatment according to current 285 

guidelines.46,47 286 

 287 

Myocardial infarction type 2 288 

The pathophysiological mechanism leading to ischaemic myocardial injury in the context 289 

of a mismatch between oxygen supply and demand has been classified as type 2 MI.!0,12  290 

By definition, acute athero-thrombotic plaque disruption is not a feature of type 2 MI. In 291 

patients with stable known or presumed CAD, an acute stressor such as an acute 292 

gastrointestinal bleed with a precipitous drop in haemoglobin, or a sustained 293 

tachyarrhythmia with clinical manifestations of myocardial ischaemia, may result in 294 

myocardial injury and a type 2 MI. These effects are due to insufficient blood flow to the 295 

ischaemic myocardium to meet the increased myocardial oxygen demand of the stressor. 296 

Ischaemic thresholds may vary substantially in individual patients depending on the 297 

magnitude of the stressor, the presence of non-cardiac comorbidities and the extent of 298 

underlying CAD and cardiac structural abnormalities. 299 

 300 

Studies have shown variable occurrences of type 2 MI depending on criteria used for 301 

diagnosis. Some reports rely on specific predetermined oxygen mismatch criteria,48,49 302 

whereas others apply more liberal criteria. Most studies show a higher frequency of type 303 

2 MI in women. The short- and long-term mortality rates for patients with type 2 MI are 304 

generally higher than for type 1 MI patients in most but not all studies due to an 305 

increased prevalence of comorbid conditions,49–57  Coronary atherosclerosis is a common 306 

finding in type 2 MI patients selected for coronary angiography. In general these patients 307 

have a worse prognosis than those without CAD.54–57 Prospective evaluations of the 308 

importance of CAD with type 2 MI using consistent definitions and approaches are 309 

needed. 310 

 311 

It has been shown that the frequency of ST-segment elevation in type 2 MI varies from 312 

3–24%.53
 In some cases, coronary embolism caused by thrombi, calcium or vegetation 313 

from the atria or ventricles or acute aortic dissection may result in a type 2 MI. 314 

Spontaneous coronary artery dissection with or without intramural haematoma is another 315 

non-atherosclerotic condition that may occur, especially in young women. It is defined as 316 

spontaneous dissection of the coronary artery wall with accumulation of blood within the 317 

false lumen, which can compress the true lumen to varying degrees.58 (Figure 4) 318 
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 319 

Figure 4 Myocardial infarction type 2 320 

 321 

 322 

All of the clinical information available should be considered in distinguishing type 1 MI 323 

from type 2 MI. The context and mechanisms of type 2 MI should be considered when 324 

establishing this diagnosis (Figure 5). The myocardial oxygen supply/demand imbalance 325 

attributable to acute myocardial ischaemia may be multifactorial, related either to: 326 

reduced myocardial perfusion due to fixed coronary atherosclerosis without plaque 327 

rupture, coronary artery spasm, coronary microvascular dysfunction (which includes 328 

endothelial dysfunction, smooth muscle cell dysfunction and dysregulation of sympathetic 329 

innervation), coronary embolism, coronary artery dissection with or without intramural 330 

haematoma, or other mechanisms that reduce oxygen supply such as severe 331 

bradyarrhythmia, respiratory failure with severe hypoxaemia, severe anaemia, and 332 

hypotension/shock; or to increased myocardial oxygen demand due to sustained 333 

tachyarrhythmia or severe hypertension with or without left ventricular hypertrophy. In 334 

patients who undergo timely coronary angiography, description of a ruptured plaque with 335 

thrombus in the infarct-related artery may be helpful in making the distinction between 336 

type 2 MI vs. type 1 MI, but angiography is not always definitive, clinically indicated, or 337 

required to establish the diagnosis of type 2 MI.  338 
 339 

 340 

 341 

 342 



CONFIDENTIAL DOCUMENT 

16 

 

Figure 5 Framework for type 2 MI considering the clinical context and pathophysiological 343 

mechanisms attributable to acute myocardial ischaemia. The illustration is modified 344 

from
59

 345 

 346 

 347 

 348 

Criteria for type 2 MI 349 

Detection of a rise and/or fall of cTn with at least one value above the 99th percentile 350 

URL, and evidence of an imbalance between myocardial oxygen supply and demand 351 

unrelated to coronary thrombosis, requiring at least one of the following: 352 

- Symptoms of acute myocardial ischaemia; 353 

- New ischaemic ECG changes; 354 

- Development of pathological Q waves; 355 

cTn = cardiac troponin; ECG = electrocardiogram; URL = upper reference limit. 356 

 357 

It appears advisable in the acute setting to treat the underlying ischaemic imbalance of 358 

oxygen supply and demand. This treatment may include volume adjustment, blood 359 

pressure management, administration of blood products, heart rate control, and 360 

respiratory support.47,48 Depending on the clinical situation, coronary evaluations may be 361 

indicated to assess the likelihood of CAD. If that is present, the MI guidelines may be 362 

applied in accordance with the ECG findings of STEMI or NSTEMI.46,47 However, if CAD is 363 

- 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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absent, the benefit of cardiovascular risk reduction strategies with type 2 MI remains 364 

uncertain. 365 

 366 

Myocardial infarction type 2 and myocardial injury 367 

Type 2 MI and myocardial injury are frequently encountered in clinical practice and both 368 

are related to a poor outcome.13,14,49,51,56 A conceptual model to facilitate the clinical 369 

distinction between acute ischaemic myocardial injury with or without an acute athero-370 

thrombotic event (type 1 or type 2 MI) vs. conditions without acute ischaemic myocardial 371 

injury is displayed in Figure 6. Acute MI requires a rising and/or falling pattern of cTn 372 

values. Acute myocardial injury may also manifest such a pattern but if the injury is 373 

related to structural heart disease, the cTn values may be stable and unchanging. Type 2 374 

MI and non-ischaemic myocardial injury may coexist. It should be recognized that some 375 

disease entities could be on both sides of the diagram, e. g. acute heart failure that may 376 

occur in the context of acute myocardial ischaemia. Nevertheless, abnormal cTn values in 377 

the setting of acute and/or chronic heart failure are often better categorized as a 378 

myocardial injury condition. Few studies have compared the incidence and clinical 379 

features of type 2 MI vs. myocardial injury without acute myocardial ischaemia. 380 

 381 

 382 

 383 

 384 

 385 

 386 

 387 

 388 

 389 

 390 

 391 

 392 



CONFIDENTIAL DOCUMENT 

18 

 

Figure 6 A model for interpreting myocardial injury 393 

 394 

URL = upper reference limit. 395 
a Stable denotes ≤20% variation of troponin values in the appropriate clinical context.  396 
b
 Ischaemia denotes signs and/or symptoms of clinical myocardial ischaemia. 397 

Ischaemic thresholds vary substantially in relation to the magnitude of the stressor and the extent 398 

of underlying cardiac disease. 399 

 400 

Myocardial infarction type 3 401 

The detection of cardiac biomarkers in blood is fundamental for establishing the diagnosis 402 

of MI.10,12 However, patients can manifest a typical presentation of myocardial 403 

ischaemia/infarction including presumed new ischaemic ECG changes or ventricular 404 

fibrillation and die before it is possible to obtain blood for cardiac biomarker 405 

determination; or the patient may succumb soon after the onset of symptoms before 406 

elevation of biomarker values has occurred. Such patients are designated as having a 407 

type 3 MI, when suspicion for an acute myocardial ischaemic event is high, even when 408 

cardiac biomarker evidence of MI is lacking.10,12 This category allows the separation of 409 

fatal MI events from the much larger group of sudden death episodes that may be 410 

cardiac (non-ischaemic) or non-cardiac in origin. When a type 3 MI is diagnosed, and a 411 

subsequent autopsy reveals recent evidence of an MI, with a fresh or recent thrombus in 412 

the infarct-related artery, the type 3 MI should be reclassified to a type 1 MI. Original 413 
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investigations addressing the incidence of type 3 MI are sparse but a study showed an 414 

annual incidence below 10/100 000 person-years and a frequency of 3−4% among all 415 

types of MI.60 416 

 417 

Criteria for type 3 MI 418 

Patients who suffer cardiac death, with symptoms suggestive of myocardial ischaemia 419 

accompanied by presumed new ischaemic ECG changes or ventricular fibrillation, but die 420 

before blood samples for biomarkers can be obtained, or before increases in cardiac 421 

biomarkers can be identified or MI detected by autopsy examination. 422 

 423 

Coronary procedure-related myocardial injury Cardiac procedural myocardial 424 

injury related to coronary revascularization procedures, whether percutaneous coronary 425 

intervention (PCI) or coronary artery bypass grafting (CABG), may be temporally related 426 

to the procedure itself, reflecting periprocedural issues, or may occur later reflecting 427 

complications of a device, such as early or late stent thrombosis or in-stent restenosis for 428 

PCI, or graft occlusion or stenosis with CABG. Late gadolinium enhancement (LGE) 429 

cardiac magnetic resonance (CMR) allows assessment of procedural myocardial injury.61–
430 

63 When quantifying procedural injury using LGE-CMR before and shortly after PCI or 431 

CABG it was found that 32% of patients had evidence of procedural myocardial injury.63 432 

Furthermore, it has been shown that patients with elevation of cTnI values after PCI or 433 

after CABG have evidence of procedural myocardial injury on CMR imaging.61,62 For that 434 

reason, increased cTn values detected following a coronary revascularization procedure 435 

may reflect procedural myocardial injury. Of importance, if the baseline value before the 436 

procedure is above the 99th percentile URL, it is essential that cTn levels are stable prior 437 

to the evaluation in order to reliably establish the presence of acute procedural 438 

myocardial injury. It is not possible to determine, when intervening in a patient with an 439 

acute MI event resulting in an increased cTn level, how much of any given increase is 440 

related to the MI and how much is due to the procedure. 441 

 442 

Criteria for cardiac procedural myocardial injury 443 

Cardiac procedural myocardial injury is arbitrarily defined by increases of cTn values 444 

(>99th percentile URL) in patients with normal baseline values (≤99th percentile URL) or 445 

a rise of cTn values >20% of the baseline value when it is above the 99th percentile URL 446 

but it is stable or falling. 447 

cTn = cardiac troponin; URL = upper reference limit. 448 

 449 

A large proportion of patients have abnormal values of cTn after PCI, ranging from 450 

~20−40% in stable CAD to 40−50% in MI.64 The occurrence of procedural myocardial 451 

injury can be detected by measurement of cTn before the procedure and repeated 3−6 452 

 



CONFIDENTIAL DOCUMENT 

20 

 

hours (h) later. Where the second value is rising, further sampling should be performed 453 

to document the peak cTn value. Increasing levels after the procedure can only be 454 

attributed with certainty to procedural myocardial injury when the pre-procedural cTn 455 

values are normal (≤99th percentile URL) or if they are stable or falling. For patients that 456 

present with an ACS and undergo a prompt coronary revascularization procedure 457 

resulting in only a single pre-procedural baseline value that is normal or mildly elevated, 458 

followed by subsequent post-procedural values that continue to increase, the post-459 

procedural increase should be attributed to the index event. Recent data corroborate the 460 

importance of elevated pre-procedure cTn values as a prognostic marker in patients that 461 

have values that rise after the procedure.65 To diagnose procedural myocardial injury in 462 

the clinical setting of only a single pre-procedural cTn value, the cardiac Tn values would 463 

need to be stable or falling post-procedure, followed by a subsequent increase that 464 

exceeds the 99th percentile URL, and if the value has not returned to baseline, the 465 

increase should be >20% with an absolute value > the 99th percentile URL. 466 

 467 

Myocardial infarction associated with PCI (type 4a MI) 468 

Stand-alone post-procedural increases of cTn values are sufficient to establish a 469 

diagnosis of procedural myocardial injury but not for the diagnosis of type 4a MI. Type 4a 470 

MI requires an elevation of cTn values >5 times the 99th percentile URL in patients with 471 

normal baseline values or in patients with elevated pre-procedure cTn in whom the cTn 472 

levels are stable (≤20% variation) or falling, the post-procedure cTn must rise >20% to 473 

an absolute value >5 times the 99th percentile URL. In addition, there should be 474 

evidence of new myocardial ischaemia, either from ECG changes, or from imaging 475 

evidence, or from procedure-related complications associated with reduced coronary 476 

blood flow such as coronary dissection, occlusion of a major epicardial artery or a side 477 

branch occlusion/thrombus, disruption of collateral flow, slow flow or no-reflow, or distal 478 

embolization. The use of hs-cTn assays to diagnose type 4a MI (and type 5 MI) is an area 479 

of active research. Many hs-cTn assays are available, which have wide dynamic ranges. 480 

Different criteria may be required for different assays. However, it has recently been 481 

shown that the optimal hs-cTnT threshold to predict cardiovascular events at 30 days and 482 

one year was very close to the five-fold increase suggested by the Third Universal 483 

Definition of MI.12,66,67 These criteria are therefore retained because of a lack of new 484 

scientific evidence that  identifies superior criteria for defining this MI subtype. Other 485 

criteria that meet the definition of type 4a MI regardless of hs-cTn or cTn values are the 486 

development of new pathological Q waves or autopsy evidence of recent procedure-487 

related thrombus in the culprit artery. 488 

 489 

 490 
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491 

 
492 

Criteria for PCI-related MI ≤48 h after the index procedure (type 4a MI) 493 

Coronary intervention-related MI is arbitrarily defined by elevation of cTn values >5 494 

times the 99th percentile URL in patients with normal baseline values. In patients with 495 

elevated pre-procedure cTn in whom the cTn level are stable (≤20% variation) or falling, 496 

the post-procedure cTn must rise by >20%. However, the absolute post-procedural value 497 

must still be at least five times the 99th percentile URL. In addition, one of the following 498 

elements is required: 499 

- New ischaemic ECG changes; 500 

- Development of new pathological Q waves;a 501 

- Angiographic findings consistent with a procedural flow-limiting complication such as 502 

coronary dissection, occlusion of a major epicardial artery or a side branch occlusion/ 503 

thrombus, disruption of collateral flow or distal embolization.b 504 

cTn = cardiac troponin; ECG = electrocardiographic; h = hours; MI = myocardial 505 

infarction; PCI = percutaneous coronary intervention; URL = upper reference limit. 506 

 aIsolated development of new pathological Q waves meets the type 4a MI criteria if cTn 507 

values are elevated and rising but <5 times the 99th percentile URL. 508 

 bPost-mortem demonstration of a procedure-related thrombus in the culprit artery or 509 

macroscopically a large circumscribed area of necrosis with or without intra-myocardial 510 

haemorrhage meets the type 4a MI criteria. 511 

 512 

Stent/scaffold thrombosis associated with PCI (type 4b MI) 513 

A subcategory of PCI-related MI is stent/scaffold thrombosis, type 4b MI, as documented 514 

by angiography or autopsy using the same criteria utilized for type 1 MI. It is important 515 

to indicate the time of the occurrence of the stent/scaffold thrombosis in relation to the 516 

timing of the PCI procedure. The following temporal categories are suggested: acute 0–517 

24 h, subacute >24 h to 30 days, late >30 days to 1 year, and very late >1 year after 518 

stent/scaffold implantation.68 
519 

 520 

Restenosis associated with PCI (type 4c MI) 521 

Occasionally MI occurs and, at angiography, in-stent restenosis, or restenosis following 522 

balloon angioplasty in the infarct territory, is the only angiographic explanation since no 523 

other culprit lesion or thrombus can be identified. This PCI-related MI type is designated 524 

as type 4c MI, defined as focal or diffuse restenosis or a complex lesion associated with a 525 

- 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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rise and/or fall of cTn values above the 99th percentile URL applying the same criteria 526 

utilized for type 1 MI. 527 

 528 

Myocardial infarction associated with CABG (type 5 MI) 529 

Numerous factors can lead to procedural myocardial injury during a CABG procedure. 530 

Many of them are related to the details of the cardiac preservation, the extent of the 531 

direct traumatic injury to the myocardium as well as any potential ischaemic injury. For 532 

that reason, increases in cTn values should be expected after all CABG procedures,69,70 533 

which need to be taken into account when comparing the extent of procedural myocardial 534 

injury after cardiac surgery to that associated with less invasive approaches. Depending 535 

on whether it is off-pump or on-pump surgery, procedural myocardial injury is observed 536 

among 32−44% of CABG patients when quantified by LGE-CMR.61,63 The area under the 537 

curve (AUC) and routine cTn sampling has demonstrated an excellent linear relationship 538 

with the mass of the new injury as defined by LGE-CMR. AUC for CK-MB is also good 539 

although clearly inferior to cTnI.69 However, these relationships vary depending on the 540 

nature of the procedure, the nature of the cardioplegia and the specific assay used to 541 

measure cTn. Very high cTn values are most often associated with coronary artery-542 

related events.61,63,69 Thus, although cardiac biomarkers and especially cTn appear robust 543 

for the detection of procedural myocardial injury and also, in the presence of new 544 

myocardial ischaemia, for the detection of type 5 MI, a specific cut-off value for all 545 

procedures and all cTn assays is difficult to define. However, in order to ensure 546 

consistency with the analogous standards of the preceding definition of type 5 MI12 and 547 

because of the lack of new scientific evidence that identifies superior criteria for defining 548 

this MI subtype, it is suggested to apply a cTn value >10 times the 99th percentile URL 549 

as the cut-point during the first 48 h following CABG, occurring from a normal baseline 550 

cTn value (≤99th percentile URL), for diagnosing type 5 MI. It is important that the post-551 

procedural elevation of cTn values is accompanied by ECG, angiographic or imaging 552 

evidence of new myocardial ischaemia/new loss of myocardial viability.71 The higher cut-553 

off of MI after CABG than after PCI (10 times vs. 5 times 99th percentile URL) has been 554 

arbitrarily selected due to the occurrence of more unavoidable myocardial injury during 555 

surgery than during PCI. 556 

 557 

It should be recognized that ST-segment deviation and T wave changes are common 558 

after CABG due to epicardial injury and are not reliable indicators of myocardial 559 

ischaemia in this setting. However, ST-segment elevation with reciprocal ST-segment 560 

depression or other specific ECG patterns may be a more reliable finding of a potential 561 

ischaemic event. 562 

 563 

 564 
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 565 

 566 

 567 

Criteria for CABG-related MI ≤48 h after the index procedure (type 5 MI) 568 

CABG-related MI is arbitrarily defined as elevation of cTn values >10 times the 99th 569 

percentile URL in patients with normal baseline cTn values. In patients with elevated pre-570 

procedure cTn in whom cTn levels are stable (≤20% variation) or falling, the post-571 

procedure cTn must rise by >20%. However, the absolute post-procedural value still 572 

must be >10 times the 99th percentile URL. In addition, one of the following elements is 573 

required: 574 

- Development of new pathological Q waves;a 575 

- Angiographic documented new graft occlusion or new native coronary artery 576 

occlusion; 577 

- CABG = coronary artery bypass grafting; cTn = cardiac troponin; h = hours; MI = 578 

myocardial infarction; URL = upper reference limit. 579 

- aIsolated development of new pathological Q waves meets the type 5 MI criteria if cTn 580 

values are elevated and rising but <10 times the 99th percentile URL. 581 

 582 

Marked isolated elevation of cTn values within the 48 h post-operative period even in the 583 

absence of ECG/angiographic or other imaging evidence of MI indicates prognostically 584 

significant cardiac procedural myocardial injury.72 The presence of significant procedural 585 

myocardial injury in patients with operative problems (e.g. difficulty coming off bypass, 586 

technically difficult anastomoses in a heavily calcified aorta, perioperative evidence of 587 

myocardial ischaemia, etc.) should prompt clinical review of the procedure and/or 588 

consideration of additional diagnostic testing for possible type 5 MI. 589 

 590 

Other definitions of myocardial infarction related to PCI or CABG 591 

There is no universal consensus on the cTn or hs-cTn cut-points that clearly distinguishe 592 

cardiac procedural myocardial injury from MI. The distinction is made on the basis of an 593 

injury created by a flow-limiting complication during the procedure that results in 594 

sufficient myocardial ischaemia to generate a procedure-related MI. The size of the insult 595 

will determine the magnitude of cTn release. Various groups have used multiples of the 596 

99th percentile URL and set thresholds to diagnose peri-procedural MIs for clinical 597 

trials.68,73 Unless a standard assay is used for all analyses, given the heterogeneity of cTn 598 

assays, this approach could lead to very different values depending on the assay used 599 

locally. The Academic Research Consortium-2 (ARC-2) suggests a post-procedural cTn 600 

value ≥35 times the 99th percentile URL for both PCI and CABG in patients that have a 601 

- 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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normal baseline cTn value or in patients with elevated pre-procedure cTn values in whom 602 

the cTn levels are stable or falling. ARC-2 proposes that one ancillary criterion be 603 

required in addition to the ≥35 cTn rise to fulfill the definition of peri-procedural MI. The 604 

ancillary criteria are one or more of the following: new significant Q waves (or 605 

equivalent), flow-limiting angiographic complications in a major epicardial vessel or >1.5 606 

mm diameter branch, or a substantial new loss of viable myocardium on 607 

echocardiography related to the procedure.68 Furthermore, ARC-2 has defined stand-608 

alone criteria for significant procedural myocardial injury if the rise in cTn is ≥70 times 609 

the 99th percentile URL (where the baseline is <URL or elevated and stable or falling).68 
610 

Recurrent myocardial infarction 611 

Incident MI is defined as the individual’s first MI. When features of MI occur in the first 612 

28 days after an incident event, the second event is not counted as a new MI for 613 

epidemiological purposes. If characteristics of MI occur after 28 days following an 614 

incident MI, it is considered to be a recurrent MI.11 
615 

 616 

Reinfarction 
617 

The term reinfarction is used clinically for an acute MI that occurs within 28 days of an 618 

incident or recurrent MI.11 The ECG diagnosis of suspected reinfarction following the initial 619 

MI may be confounded by the initial evolutionary ECG changes. Reinfarction should be 620 

considered when ST-elevation ≥1 mm recurs or new pathognomonic Q waves appear in 621 

at least two contiguous leads, particularly when associated with ischaemic symptoms. 622 

Re-elevation of the ST-segment can, however, also be seen in threatened myocardial 623 

rupture or in cases of pericarditis and should lead to additional diagnostic evaluation. 624 

 625 

In patients where reinfarction is suspected from clinical signs or symptoms following the 626 

initial MI, an immediate measurement of cTn is recommended. A second sample should 627 

be obtained 3–6 h later or earlier with more sensitive cTn assays. If the cTn 628 

concentration is elevated, but stable or decreasing at the time of suspected reinfarction, 629 

the diagnosis of reinfarction requires a >20% increase of the cTn value in the second 630 

sample.74 If the initial cTn concentration is normal, the criteria for new acute MI apply.12 
631 

 632 

Myocardial injury and infarction associated with cardiac procedures other 633 

than revascularization 634 

Cardiac procedures such as transcatheter valve interventions may cause myocardial 635 

injury, both by direct trauma to the myocardium and by creating regional ischaemia 636 

secondary to coronary obstruction or embolization. Ablation of arrhythmias involves 637 

controlled procedural myocardial injury by application of warming or cooling of the tissue. 638 
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The extent of procedural myocardial injury can be assessed by serial cTn measurements. 639 

Increases of cTn values in this context should be considered procedural myocardial injury 640 

and not labelled as MI unless the biomarker criteria and one of the ancillary criteria for 641 

acute myocardial ischaemia listed for type 5 MI are present.75,76 642 

 643 

Myocardial injury and infarction associated with non-cardiac procedures 644 

Perioperative MI is one of the most important complications in major non-cardiac 645 

surgery, and it is associated with a poor prognosis.77,78 Most patients who have a 646 

perioperative MI will not experience ischaemic symptoms due to anaesthesia, sedation, 647 

or pain relieving medications. Nevertheless, asymptomatic perioperative MI is as strongly 648 

associated with 30-day mortality as symptomatic MI.77,78 Knowledge about hs-cTn values 649 

at baseline can help to identify patients having chronic cTn elevation before surgery as 650 

well as those at increased risk during and after the procedure.79,80 Measurement of hs-651 

cTn in post-operative samples reveals that as many as 35% of patients have levels above 652 

the 99th percentile URL and 17% have an elevation and a rising pattern of values 653 

indicative of evolving myocardial injury.81 Those with a rising pattern of elevated hs-cTn 654 

values are at particular risk − the greater the rise, the greater the risk.82,83 655 

 656 

The pathophysiologic mechanism of perioperative MI is subject to debate. It is recognized 657 

that the perioperative period is characterized by increased cardiac metabolic demand that 658 

may lead to MI in patients with otherwise stable CAD.84,85 Thus, an angiographic 659 

investigation has identified demand myocardial ischaemia as the predominant aetiology 660 

of perioperative MI,84,85 which together with a rise and/or fall of cTn values indicates type 661 

2 MI. However, other angiographic studies have detected coronary plaque rupture in 662 

~50–60% of patients with perioperative MI, 86,87 which qualifies as type 1 MI. On the 663 

other hand, perioperative myocardial injury without ancillary ischaemic evidence 664 

indicative for MI is a common complication after non-cardiac surgery that is associated 665 

with substantial short- and long-term mortality on a level with perioperative MI.83  666 

 667 

Post-operative cTn surveillance is recommended for high-risk individuals. In order to 668 

properly interpret the aetiology of elevated post-operative values, a baseline pre-669 

operative value is necessary to determine whether the increase is acute or more chronic. 670 

A diagnosis of MI, however, still requires, in addition to an increase of cTn values, 671 

evidence of myocardial ischaemia that may be evident from the peri- and post-operative 672 

period e.g. ST-segment changes on telemetry/ECG, repeated episodes of hypoxia, 673 

hypotension, tachycardia, etc. or imaging evidence of MI. In the absence of evidence for 674 

acute myocardial ischaemia, a diagnosis of acute myocardial injury is more appropriate. 675 

Ongoing research suggests the possibility that interventions may be helpful in this clinical 676 

situation. 677 
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 678 

 679 

Myocardial injury or infarction associated with heart failure 680 

Depending on the assay used, detectable to clearly elevated cTn values being indicative 681 

of myocardial injury may be seen in patients with heart failure (HF), both with reduced 682 

ejection fraction (EF) and with preserved EF.88 Using hs-cTn assays, measurable hs-cTn 683 

concentrations may be present in nearly all patients with HF, with a significant 684 

percentage exceeding the 99th percentile URL, particularly in those patients with more 685 

severe HF syndromes, such as in acutely decompensated HF.87 686 

 687 

Beyond type 1 MI, multiple mechanisms have been proposed to explain measurable to 688 

pathologically elevated cTn concentrations in patients with HF.88,89 For example, type 2 689 

MI may result from increased transmural pressure, small-vessel coronary obstruction, 690 

endothelial dysfunction, anaemia or hypotension. Besides type 1 MI or type 2 MI, 691 

cardiomyocyte apoptosis and autophagy due to wall stretch have been experimentally 692 

demonstrated. Direct cellular toxicity related to inflammation, circulating neurohormones 693 

and infiltrative processes may present with HF and abnormal cTn measurements 694 

indicating myocardial injury. Finally, exocytosis of the early releasable cytosolic troponin 695 

pool into the blood stream from stressed cardiomyocytes has also been suggested as a 696 

cause of elevated cTn values.89 697 

 698 

In the context of an acutely decompensated HF presentation, cTn should always be 699 

promptly measured and the ECG recorded, with the goal of identifying or excluding 700 

myocardial ischaemia as the precipitant. In this setting, elevated cTn values should be 701 

interpreted with a high level of suspicion for type 1 MI if a significant rise and/or fall of 702 

the marker is seen, especially if it is accompanied by chest discomfort or other symptoms 703 

suggestive of myocardial ischaemia, and/or if new ischaemic ECG changes or loss of 704 

myocardial function on non-invasive testing are found. Shortness of breath, the cardinal 705 

symptom of acutely decompensated HF, may be an ischaemic equivalent, but in the 706 

absence of corroborating evidence for a coronary mechanism, caution is advised in its 707 

interpretation. Coronary artery anatomy may be known and this knowledge may be used 708 

to interpret abnormal cTn results. However, further information, such as renal function, 709 

myocardial perfusion studies, coronary angiography, or CMR is often required to better 710 

understand the cause of deviant cTn values. 711 

 712 

 713 

Takotsubo syndrome 714 

Takotsubo syndrome (TTS) can mimic MI and is found in ~1−2% of patients presenting 715 

with suspected STEMI.90 The onset of TTS is often triggered by intense emotional or 716 
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physical stresses such as bereavement. Over 90% of patients are post-menopausal 717 

women. Cardiovascular complications occur in ~50% of patients presenting with TTS, 718 

and the inpatient mortality is similar to STEMI (4−5%) due to cardiogenic shock, 719 

ventricular rupture or malignant arrhythmias.90 TTS usually presents similar to ACS. ST-720 

segment elevation is frequent (44%) but the extent of the ST-segment elevation is 721 

usually widespread across the lateral and precordial leads, beyond that of a single 722 

coronary artery distribution. ST-segment depression occurs in <10% of patients and 723 

after 12−24 h, deep, symmetric T wave inversion and QTc prolongation are typically 724 

observed.91,92 725 

 726 

There are usually transient elevations in cTn levels (>95% cases), but the peak cTn 727 

values observed are modest and in contrast with the large territory of ECG changes or 728 

left ventricular (LV) dysfunction. The rise and fall in cTn levels support an acute 729 

myocardial injury, secondary to the high catecholamine surges which are known to 730 

trigger cTn release from cardiomyocytes. Coronary vasospasm or high myocardial strain 731 

hypercontractility or high ventricular afterload may also contribute to myocardial 732 

ischaemia. The diagnosis of TTS should be suspected when the clinical manifestations 733 

and ECG abnormalities are out of proportion to the degree of elevation of cTn values and 734 

when the distribution of the LV wall motion abnormalities does not correlate with a single 735 

coronary artery distribution. However, coronary angiography and ventriculography are 736 

often needed to secure the diagnosis. 737 

 738 

In most cases the coronary arteries are angiographically normal and where CAD is 739 

present (~15% cases) it is not sufficient to explain the observed pattern of regional wall 740 

motion abnormalities. Left ventriculography during catheterization and/or 741 

echocardiography may show a variety of LV regional wall motion abnormalities including 742 

apical (82% of patients), mid-ventricular (14.6%), basal (2.2%) or focal (1.5%) akinesis 743 

or hypokinesis in a circumferential pattern involving >1 coronary artery territory. 744 

Evidence of myocardial oedema is often seen on CMR imaging during the acute phase but 745 

LGE is usually absent. The recovery time for LV function varies from hours to several 746 

weeks.93 Cardiac function may not return to normal, with persisting abnormalities of 747 

diastolic function, myocardial reserve during exercise, or rhythm disturbances at long 748 

term follow up in 10−15% of patients. In the absence of recovery of regional wall motion 749 

abnormalities, LGE-CMR is recommended to exclude MI with spontaneous recanalization. 750 

 751 

The distinction between MI and TTS can be challenging, particularly when concurrent 752 

CAD is present (15% in the International Takotsubo Registry).91 Two additional features 753 

that are helpful in distinguishing TTS from acute MI are QTc prolongation >500 ms 754 

during the acute phase, and recovery of LV function over 2−4 weeks. There are rare 755 
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cases described where MI and TTS co-exist, e.g. MI-induced TTS or TTS with secondary 756 

plaque rupture, but this occurs where the acute regional wall motion abnormalities are 757 

more extensive than the culprit coronary artery territory and fulfil the pattern and 758 

definition of TTS.94 759 

 760 

Myocardial infarction with non-obstructive coronary arteries (MINOCA) 761 

It is increasingly recognized that there is a group of MI patients with no angiographic 762 

obstructive CAD (≥50% diameter stenosis in a major epicardial vessel) and the term 763 

myocardial infarction with non-obstructive coronary arteries (MINOCA) has been coined 764 

for this entity.95,96 The diagnosis of MINOCA, like the diagnosis of MI, indicates that there 765 

is an ischaemic mechanism responsible for the myocyte injury, (i.e. non-ischaemic 766 

causes such as myocarditis have been excluded). Furthermore, the diagnosis of MINOCA 767 

necessitates that obstructive CAD has not been inadvertently overlooked (e.g. 768 

spontaneous coronary artery dissection). The prevalence of MINOCA is estimated to be 769 

6−8% among patients diagnosed with MI and more common in women than men as well 770 

as in patients presenting with NSTEMI than STEMI.96–98 Atherosclerotic plaque disruption 771 

and coronary thrombosis may be a cause of MINOCA, i.e. type 1 MI. However, coronary 772 

spasm and spontaneous coronary dissection may be involved as well, i.e. type 2 MI, 773 

along with other possible causes. Additional coronary imaging and functional testing 774 

methods may be useful to elucidate the mechanisms of ischaemia in MINOCA.46 775 

 776 

Myocardial injury and/or infarction associated with kidney 777 

disease 778 

Many patients with chronic kidney disease (CKD) have elevation of cTn values.99,100 779 

With hs-cTn assays, the majority  of patients with end-stage renal disease will 780 

have elevation of hs-cTn values above the 99th percentile URL.99,101 This is 781 

particularly the case for hs-cTnT which is more often elevated compared to hs-782 

cTnI.99,102 It has been shown using hs-cTn assays that renal dysfunction is 783 

commonly associated with cardiovascular abnormalities.102–104 In autopsy studies, 784 

elevation of cTn values was invariably associated with evidence of myocardial 785 

injury.15 Recently, a minor effect on renal clearance of cTn has been shown when 786 

levels are low but not in response to acute episodes of myocardial injury.105 The 787 

mechanisms  include increased ventricular pressure, small-vessel coronary 788 

obstruction, anaemia, hypotension, and possibly direct toxic effects on the 789 

myocardium associated with the uraemic state.89 Cardiomyocyte apoptosis and 790 

autophagy due to acute wall stretch have been demonstrated experimentally.18 
791 

Thus, baseline elevation of cTn values is common, and because they reflect 792 

myocardial injury, such elevation is highly prognostic over time.99 793 

 794 
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Diagnosing MI in patients with CKD and elevated cTn levels may be difficult if 795 

symptoms or ECG changes indicating myocardial ischaemia are absent. However, 796 

studies suggest that serial changes in cTn levels are equally effective in diagnosing MI 797 

in patients with CKD and in those with normal renal function.106 If the level of elevated 798 

cTn values is unchanging, and the timing of the event makes a rising and/or falling 799 

pattern unlikely, the elevated level, even if substantial, is likely a reflection of chronic 800 

myocardial injury. This does not imply that these patients are free of CAD since renal 801 

dysfunction and CAD are correlated. However, if a rising and/or falling pattern is 802 

present then the aetiology of the abnormal cTn values could be acute volume overload, 803 

congestive HF, or MI. If a rising and falling pattern is seen, and it is accompanied by 804 

ischaemic symptoms, new ischaemic ECG changes, or loss of viable myocardium on 805 

imaging, a diagnosis of acute MI is likely. There are no data to suggest that 806 

different criteria for the cTn decision levels are needed for these patients. At times, 807 

additional imaging studies may be necessary to determine the appropriate diagnosis. It 808 

should be noted that if CKD patients present late after the onset of chest pain, it may 809 

be difficult to observe a rise and/or fall of cTn values in the short term, particularly 810 

when the baseline value is elevated. Such a situation should not obviate the diagnosis 811 

of MI when the clinical evidence is strong. 812 

 813 

Myocardial injury and/or infarction in critically ill patients 814 

Elevations of cTn values are common in patients in the intensive care unit and are 815 

associated with adverse prognosis regardless of the underlying disease state.107,108 Some 816 

elevation of cTn values may reflect type 2 MI due to underlying CAD and increased 817 

myocardial oxygen demand,109 whereas in other patients, type 1 MI may occur because 818 

of plaque disruption leading to thrombosis in a coronary artery. However, other patients 819 

may have elevated cTn values and marked decreases in EF due to sepsis caused by 820 

endotoxin, with myocardial function recovering completely with normal EF once the 821 

sepsis is treated. It is frequently challenging for the clinician caring for a critically ill 822 

patient with a severe single organ or multi-organ pathological condition to decide on a 823 

plan of action when the patient has elevated cTn values. If and when the patient recovers 824 

from the critical illness, clinical judgement should be employed to decide whether, and to 825 

what extent, further evaluation for CAD or structural heart disease is indicated.110 826 

 827 

Biochemical approach for diagnosing myocardial injury and infarction 828 

cTnI and cTnT are the preferred biomarkers recommended to both rule in and rule out 829 

myocardial injury and thus to define MI and each specific subtype of MI.12,22,23,31 830 

Detection of a rise and/or fall of cTn values is essential and a key early component along 831 

with other elements of the clinical evaluation to establish the diagnosis of acute MI. 832 

Criteria for determining a pathological rise between two serial cTn values are assay-833 
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dependent and continue to evolve. An idealized view of troponin kinetics in patients with 834 

acute MI is shown in Figure 7. 835 

 836 

Figure 7 Conceptual illustration of early cardiac troponin kinetics in patients after acute 837 

myocardial injury including acute myocardial infarction 838 

 839 

cTn = cardiac troponin; URL = upper reference limit. 840 

The timing of biomarker release into the circulation is dependent on blood flow and how soon after the onset of 841 

symptoms samples are obtained. Thus, the ability to consider small changes as diagnostic can be problematic. 842 

In addition, many comorbidities increase cTn values, and in particular hs-cTn values, so that elevations can be 843 

present at baseline even in those with myocardial infarction who present early after the onset of symptoms. 844 

Changes in cTn values or deltas can be used to define acute compared to chronic events and the ability to 845 

detect these is indicated in the figure. Increased cTn values can often be detected for days after an acute 846 

event. 847 

 848 

It should be appreciated that because biomarker release is substantially dependent on 849 

blood flow,111,112 there is significant variability in the time to peak value (velocity), the 850 

time when a normal value may become greater than the 99th percentile URL or when a 851 

changing pattern of values can be observed. The ability to define a changing pattern will 852 

also depend on timing. For example, around peak values, it may be difficult to observe a 853 

changing pattern of values. Similarly, the downslope of the time-concentration curve is 854 

much slower than the upslope. These issues need to be taken into account when defining 855 

whether or not a changing pattern is present. In addition, it is important to make sure 856 

that a given change is greater than can be anticipated by variability alone. This is defined 857 

for conventional cTn assays as a change ≥3 times the standard deviation around the 858 

measurement of the individual assay at relevant values.12,22 For hs-cTn assays, biological 859 
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variation also needs to be considered. In most studies, conjoint analytical and biological 860 

variation is in the range of 50−60%. 861 

 862 

For that reason, this percentage has been suggested for use when initial baseline values 863 

are ≤99th percentile URL.23,31,113 However, for individuals with an initial value >99th 864 

percentile URL, a lesser degree of change during serial measurements is necessary to 865 

achieve improved clinical sensitivity (as compared to individuals with initial values ≤99th 866 

percentile URL). Thus, an expert consensus group has recommended serial changes 867 

≥20% be used in this situation.23 Absolute changes are assay dependent but appear 868 

superior to relative percent changes with hs-cTn assays,114 and in some studies this is 869 

especially the case when the initial value is increased.115 The use of a fixed absolute 870 

value change criteria translates into a smaller percentage or relative change as absolute 871 

values rise and therefore provides greater sensitivity. The use of a changing pattern is 872 

important in allowing clinicians to differentiate an acute from a chronic cTn increase 873 

above the 99th percentile URL.113-115 Using criteria less than conjoint analytical and 874 

biological variation will reduce the clinical specificity of hs-cTn assays.113,116 An 875 

imprecision of ≤10% coefficient of variation (CV) at the 99th percentile URL is also 876 

mandatory for hs-cTn assays.31 The use of non-hs-cTn assays that do not have 877 

imprecision (≤10% CV at the 99th percentile URL) makes determination of a significant 878 

serial change more difficult but does not cause false positive results. Assays with CVs 879 

between 10−20% are acceptable for clinical use. However, assays with CVs >20% at the 880 

99th percentile URL should not be used.117 881 

 882 

If a cTn assay is not available, the best alternative is CK-MB measured by a mass assay. 883 

As with cTn, an increased CK-MB value is defined as a measurement above the 99th 884 

percentile URL, which is designated as the decision level for the diagnosis of MI. Sex-885 

specific CK-MB values should be employed.118 886 

 887 

Analytical issues of cardiac troponins 888 

The analytical sensitivity (limit of detection [LoD]) of cTnI and cTnT assays varies 10-889 

fold.31,119 Because assays are not standardized, values from one assay cannot be directly 890 

compared with those from another assay. Furthermore, values may be different between 891 

assay generations120 and changes can even occur when the same assay reagents are 892 

measured on different instruments.121 Thus, clinicians must learn about their local assay 893 

and should look for reliable information, e.g. available on the International Federation of 894 

Clinical Chemistry and Laboratory Medicine (IFCC) website 895 

(http://www.ifcc.org/executive-board-and-council/eb-task-forces/task-force-on-clinical-896 

applications-of-cardiac-bio-markers-tf-cb/), when they have questions concerning 897 

analytical issues. The current guidelines accommodate all assays, whether hs-cTn, 898 
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contemporary (conventional) cTn or point of care (POC) cTn. While hs-cTn assays are 899 

able to measure relatively low values and document small increases above the 99th 900 

percentile URL, many contemporary and POC cTn assays may not detect small increasing 901 

values within the reference interval or slightly above the 99th percentile URL, leading to 902 

substantial differences in the frequency of events based solely on the cTn assay used. 903 

These differences are amplified when multiples of the 99th percentile URL are used. At 904 

present, IFCC guidelines support the concept that hs-cTn assays are differentiated from 905 

contemporary or POC cTn assays by their ability to measure cTn values above the assay’s 906 

LoD in ≥50% of healthy individuals.31,118,119,122 This provides a rough estimate of assay 907 

sensitivity. It is recommended that values for cTn assays be reported as whole numbers 908 

in nanograms per litre (ng/L) to avoid interpretation problems associated with multiple 909 

zeroes and decimal points that can often result in confusion.31 Clinicians should avoid 910 

mixing the units from contemporary assays with those from hs-cTn assays. All assays, 911 

including cTn assays, have some analytic problems resulting in false positive and false 912 

negative results but these are uncommon (<0.5%).22 These problems are less common 913 

with hs-cTn assays.23 
914 

 915 

Conjoint biologic and analytic variation of hs-cTn assays is in the range of 50–60%.123 916 

When values are elevated, analytic variation is less and a value of 20% can be used to 917 

determine that values are stable in the proper clinical context.  For example, changes 918 

may be difficult to observe over short periods of time in those who present early after the 919 

onset of symptoms of acute MI, those who present late and are on the downslope of the 920 

time-concentration curve, and those who have values near peak where they may be 921 

transitioning from a rising to a falling pattern.113,123 
922 

 923 

The 99th percentile upper reference limit 924 

The 99th percentile URL is designated as the decision level for the presence of 925 

myocardial injury and must be determined for each specific assay with quality control 926 

materials used at the URL to validate appropriate assay imprecision. The cTn assay 99th 927 

percentile URL values used in clinical practice and research can be found both in 928 

manufacturers’ package inserts or in peer-reviewed publications and on the IFCC 929 

website.118–120 Clinicians should be aware that for all cTn assays, including hs-cTn assays, 930 

there is still no expert opinion or consensus about specific criteria for how the 99th 931 

percentile URL should be defined.124 We endorse IFCC guidelines on the technical issues 932 

related to hs-cTn assays including how studies should be configured to determine 99th 933 

percentile URLs.120 The guidelines include the clinical or surrogate biomarker screening 934 

that may be needed to better define the 99th percentile URL and the statistical methods 935 

that can be applied, but do not include a requirement for cardiac imaging.120 Screening of 936 

apparently healthy subjects with imaging has been shown to lower the observed 99th 937 
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percentile URL value, but is not a practical standard for the in vitro diagnostic industry to 938 

use.124,125 Thus, there is the possibility of false negative values using the manufacturer’s 939 

reported 99th percentile URL values. hs-cTn assays demonstrate shifts to higher values 940 

for the 99th percentile URL in association with comorbidities and age over >60 941 

years.101,125–127 However, at present, age-dependent cut-points are not recommended for 942 

clinical use. Clinicians should rely instead on changing values during serial measurements 943 

of cTn for the diagnosis of acute myocardial injury, including MI. Significantly lower 944 

values are observed among women compared to men, and therefore sex-specific 99th 945 

percentile URLs are recommended for hs-cTn assays.31,118–120 For some hs-cTn assays, 946 

sex-specific cut-off values have been reported to improve diagnostic and prognostic 947 

information in patients with possible acute MI.128,129 However, there is controversy as to 948 

whether this approach provides valuable additional information for all hs-cTn assays.130 949 

 950 

Operationalizing criteria for myocardial injury and infarction 951 

Blood samples for the measurement of cTn should be drawn on first assessment 952 

(designated as 0 h) and repeated 3−6 h later, or earlier with hs-cTn assays. The 953 

sampling interval will impact the clinical cut-off at baseline and what is determined to be 954 

a pathological rise and/or fall of the biomarker. Sampling beyond 6 h may be required if 955 

further ischaemic episodes occur, or in high-risk patients. To establish the diagnosis of an 956 

acute MI, a rise and/or fall in cTn values with at least one value above the 99th 957 

percentile URL is required, coupled with a high clinical and/or ECG likelihood of 958 

myocardial ischaemia. hs-cTn assays shorten the time to diagnosis in many patients to 959 

within 3 h of onset of symptoms, but there are still some patients who may rule in late 960 

(at 6 h).131 Furthermore, some patients with acute myocardial injury presenting late after 961 

the onset of acute MI (>12−18 h) and who are on the downslope of the time-962 

concentration curve may require longer periods of time for a changing pattern to be 963 

detected.131 In addition, it should be noted that with the implementation of cTn and hs-964 

cTn assays, the frequency of unstable angina will decrease and the diagnosis of NSTEMI 965 

will increase.132,133 The magnitude of these changes using hs-cTn assays have been 966 

reported in the range of 18−30%.134 Assuming proper timing of symptoms, acute 967 

ischaemia should result in a change in hs-cTn; however, there may be patients in whom 968 

it is difficult to ascertain the timing of symptom onset. Thus, despite typical chest 969 

discomfort, these patients may have hs-cTn values that are not elevated. Other patients 970 

with symptoms suggestive of unstable angina may have increased hs-cTn values as a 971 

result of structural heart disease with or without acute myocardial ischaemia. This latter 972 

group may be particularly difficult to distinguish from patients presenting with late 973 

NSTEMI with a slow decline in troponin values that can be observed in late presenters.131 
974 

Finally, some patients may manifest a changing pattern of troponin values with a 975 

magnitude that does not exceed the delta suggested for diagnosis or who fail to manifest 976 
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a value >99th percentile URL. This is a group of patients that deserves close scrutiny 977 

because they may be at high risk. The triage of these patients can only be accomplished 978 

based on clinical evaluation. 979 

 980 

Strategies employing either very low levels of hs-cTn on presentation or the lack of any 981 

change and persistently normal hs-cTn values over a 1−2 h period after presentation 982 

have been advocated to exclude acute myocardial injury and MI as well. A single sample 983 

rule out strategy using a very low value (in many cases the LoD of the assay) has high 984 

sensitivity for myocardial injury and therefore high negative predictive value to exclude 985 

MI.135 This strategy should not be used in those who present early, i.e. <2 h after the 986 

onset of chest discomfort. Some studies indicate that the single sample approach 987 

provides optimal sensitivity and negative predictive accuracy in patients otherwise at low 988 

risk and those with a normal ECG.136-138 However, one concern about very short rule out 989 

periods is that the precision of the assays may not permit small differences to be 990 

distinguished.139–142 These criteria have not, and should not, be applied to patients with 991 

hs-cTn elevations. 992 

 993 

The clinical specificity and positive predictive value  of such 1–2 h sampling approaches 994 

for ruling in MI are limited by the substantial proportion of individuals who meet the 995 

proposed biomarker criteria with diagnoses other than MI.136,141 Thus, the use of a rapid 996 

rule in/out MI protocol does not absolve the clinician from considering other causes for 997 

acute myocardial injury.142 In addition, considering a broader population of patients, 998 

inclusive of those who present atypically, those with end-stage renal disease and the 999 

critically ill, the cut-points to be used will likely need to be altered.139 Such patients were 1000 

excluded from the majority of emergency department evaluation studies.108,136,142  1001 

 1002 

The demonstration of a rising and/or falling pattern is needed to distinguish acute injury 1003 

from chronic conditions associated with structural heart disease that can have chronic 1004 

increases of cTn values. For example, patients with renal failure99,143,144 or LV 1005 

hypertrophy145 can have significant chronic increases in cTn values. These increases can 1006 

be marked but do not change acutely during serial sampling. However, a falling pattern 1007 

may take longer to be observed in patients with a high pre-test risk of MI who present 1008 

late after symptom onset.146 These patients who have cTn values on the downslope of 1009 

the time-concentration curve have a slow decline in values (Figure 7). Thus, detecting a 1010 

changing pattern over short periods of time may be difficult.117 Depending on the extent 1011 

of myocardial injury, cTn values may remain above the 99th percentile URL for a longer 1012 

period of time.22,23 An increased cTn value above the 99th percentile URL, with or without 1013 

a dynamic change of values or in the absence of clinical evidence of ischaemia, should 1014 

prompt a search for other diagnoses associated with myocardial injury, as shown in 1015 

Table 1. 1016 
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 1017 

Electrocardiographic detection of myocardial infarction 1018 

The ECG is an integral part of the diagnostic work-up of patients with suspected MI and 1019 

should be acquired and interpreted promptly (i.e. target within 10 min) after first medical 1020 

contact.47,147 Pre-hospital ECGs reduce the time to diagnosis and treatment, and can 1021 

facilitate triage of STEMI patients to hospitals with PCI capability if within the 1022 

recommended time interval (120 min from STEMI diagnosis).148 Acute myocardial 1023 

ischaemia is often associated with dynamic changes in ECG waveform and serial ECG 1024 

acquisition can provide critical information, particularly if the ECG at initial presentation is 1025 

non-diagnostic. Recording several standard ECGs with fixed electrode positions at 15−30 1026 

min intervals for the initial 1−2 h, or the use of continuous computer-assisted 12-lead 1027 

ECG recording, if available, to detect dynamic ECG changes, is reasonable for patients 1028 

with persistent or recurrent symptoms or an initial non-diagnostic ECG.149 Serial or 1029 

continuous ECG recordings may be helpful in determining reperfusion or reocclusion 1030 

status. Reperfusion is usually associated with a large and prompt reduction in ST-1031 

segment elevation. 1032 

 1033 

More profound ST-segment shift or T wave inversion involving multiple leads/territories 1034 

are associated with a greater degree of myocardial ischaemia, and a worse prognosis. For 1035 

example, ST-segment depression ≥1 mm in six leads that may be associated with ST-1036 

segment elevation in leads aVR or lead V1 and haemodynamic compromise is suggestive 1037 

evidence of multivessel disease or left main disease. Pathologic Q waves increase the 1038 

prognostic risk. Other ECG signs associated with acute myocardial ischaemia include 1039 

cardiac arrhythmias, intraventricular bundle branch blocks, atrioventricular conduction 1040 

delays, and loss of precordial R wave amplitude, a less specific finding. The ECG by itself 1041 

is often insufficient to diagnose acute myocardial ischaemia or infarction, since ST 1042 

deviation may be observed in other conditions, such as acute pericarditis, LV hypertrophy 1043 

(LVH), left bundle branch block (LBBB), Brugada syndrome, TTS, and early repolarization 1044 

patterns.150 A prior ECG is often helpful in distinguishing a new from a chronic finding but 1045 

should not delay the decision for treatment. 1046 

 1047 

Prolonged new convex ST-segment elevation, particularly when associated with reciprocal 1048 

ST-segment depression, usually reflects acute coronary occlusion and results in 1049 

myocardial injury with necrosis. Reciprocal changes can help to differentiate STEMI from 1050 

pericarditis or early repolarization changes. As in cardiomyopathy, Q waves may also 1051 

occur due to myocardial fibrosis in the absence of CAD. One of the earlier manifestations 1052 

of myocardial ischaemia is typical T wave and ST-segment changes. Increased 1053 

hyperacute T wave amplitude, with prominent symmetrical T waves in at least two 1054 

contiguous leads, is an early sign that may precede the elevation of the ST-segment. In 1055 
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general, the development of new Q waves indicates myocardial necrosis, which starts in 1056 

minutes/hours after the myocardial insult. Transient Q waves may be observed during an 1057 

episode of acute ischaemia or (rarely) during acute MI with successful reperfusion. Table 1058 

2 lists ST-segment–T wave (ST-T) criteria suggestive of acute myocardial ischaemia that 1059 

may or may not lead to MI. The J-point (junction between QRS termination and ST-1060 

segment onset) is used to determine the magnitude of the ST-segment shift with the 1061 

onset of the QRS serving as the reference point. In patients with a stable baseline, the TP 1062 

segment (isoelectric interval) is a more accurate method to assess the magnitude of ST-1063 

segment shift, and in distinguishing pericarditis (PTa depression) from acute myocardial 1064 

ischaemia. Tachycardia and baseline shift are common in the acute setting and can make 1065 

this determination difficult. Therefore, QRS onset is recommended as the reference point 1066 

for J-point determination. (Figure 8) 1067 

 1068 

Figure 8 ECG example of ST-segment elevation 1069 

 1070 

 1071 

ECG = electrocardiogram. 1072 

The initial onset of the Q wave shown by arrow 1 serves as the reference point and arrow 2 shows 1073 

 the onset of the ST-segment or J-point. The difference between the two identifies the magnitude of  1074 

displacement. Measurements of both arrows should be made from the top of the ECG line tracing. 1075 

 1076 

New, or presumed new, J-point elevation ≥1 mm (1 mm = 0.1 millivolt [mV]) is required 1077 

in all leads other than V2 and V3 as an ischaemic response. In healthy men under age 40, 1078 

J-point elevation can be as much as 2.5 mm in leads V2 or V3, but it decreases with 1079 

increasing age. Sex differences require different cut-points for women, since J-point 1080 

elevation in healthy women in leads V2 and V3 is less than in men.5 The criteria in Table 1081 

2 require that the ST shift be present in two or more contiguous leads. For example, ≥2 1082 

mm of ST-elevation in lead V2 and ≥1 mm in lead V1 would meet the criteria of two 1083 

abnormal contiguous leads in a man ≥40 years old. However, ≥1 mm and <2 mm of ST-1084 

elevation, seen only in leads V2–V3 in men (or <1.5 mm in women), may represent a 1085 

normal finding. 1086 

 1087 
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 1088 

Table 2 Electrocardiographic manifestations suggestive of acute myocardial ischaemia 1089 

(in the absence of left ventricular hypertrophy and bundle branch block) 1090 

 1091 

 1092 
aWhen the magnitudes of J-point elevation in leads V2 and V3 are registered from a prior ECG,  1093 

new J-point elevation ≥1 mm (as compared to the earlier ECG) should be considered an  1094 

ischaemic response. For bundle branch block, see section below. 1095 

 1096 

It should be noted that lesser degrees of ST displacement or T wave inversion than those 1097 

described in Table 2 can also represent an acute myocardial ischaemic response. In 1098 

patients with known or high likelihood of CAD, the clinical presentation is critical to 1099 

enhance the specificity of these findings. 1100 

Absence of ST-elevation in the precordial leads, tall, prominent, symmetrical T waves in 1101 

the precordial leads, upsloping ST-segment depression >1 mm at the J-point in the 1102 

precordial leads, and in most cases ST-segment elevation (>1 mm) in lead aVR or the 1103 

symmetrical, often deep (>2 mm), T wave inversions in the anterior precordial leads are 1104 

associated with significant left anterior descending artery (LAD) occlusion.151–153 ST-1105 

elevation in lead aVR >1 mm may accompany anterior or inferior STEMI and is 1106 

associated with increased 30 day mortality in patients with acute MI.154 Pulmonary 1107 

embolism, intracranial processes, electrolyte abnormalities, hypothermia, or 1108 

perimyocarditis may also result in ST-T abnormalities and should be considered in the 1109 

differential diagnosis. 1110 

The ECG diagnosis of atrial infarction should be suspected in the context of ventricular 1111 

infarction (particularly when the right ventricle is involved) if small, transient elevations 1112 

and reciprocal depressions of the PR (PTa) segment are noted associated with changes in 1113 

configuration of the P wave. 1114 

 1115 
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 1116 

 1117 

Application of supplemental ECG leads 1118 

Supplemental leads as well as serial ECG recordings should be deployed with a very low 1119 

threshold in patients who present with ischaemic chest pain and a non-diagnostic initial 1120 

ECG.155,156 ECG evidence of myocardial ischaemia in the distribution of a left circumflex 1121 

artery is often overlooked. Isolated ST-segment depression >0.5 mm in leads V1–V3 may 1122 

indicate left circumflex occlusion and can best be captured using posterior leads at the 1123 

fifth intercostal space (V7 at the left posterior axillary line, V8 at the left mid-scapular 1124 

line, and V9 at the left paraspinal border). Recording of these leads is strongly 1125 

recommended in patients with high clinical suspicion for acute circumflex occlusion (e.g. 1126 

initial ECG non-diagnostic, or ST-segment depression in leads V1–V3).
156 A cut-point of 1127 

0.5 mm ST-elevation is recommended in leads V7–V9; specificity is increased at a cut-1128 

point ≥1 mm ST-elevation and this cut-point should be used in men <40 years old. ST-1129 

segment depression in leads V1–V3 may be suggestive of inferobasal myocardial 1130 

ischaemia (previously termed posterior infarction), especially when the terminal T wave 1131 

is positive (ST-elevation equivalent); however, this is non-specific. 1132 

 1133 

In patients with inferior and suspected right ventricular infarction, leads aVR or V1 may 1134 

exhibit ST-segment elevation ≥1 mm. The early recording of right precordial leads V3R 1135 

and V4R should be performed, since ST-elevation ≥0.5 mm (≥1 mm in men <30 years 1136 

old) provides supportive criteria for the diagnosis.157 Changes in right precordial leads 1137 

may be transient, and absence of ECG changes in leads V3R and V4R does not exclude 1138 

right ventricular infarction. Myocardial imaging can be helpful in this clinical setting. 1139 

 1140 

Electrocardiographic detection of myocardial injury 1141 

It is not possible to initially distinguish ECG manifestations of acute or chronic myocardial 1142 

injury from acute myocardial ischaemia. Rapidly developing dynamic ECG changes that 1143 

temporally match the clinical presentation may be helpful in diagnosing a symptomatic 1144 

patient with elevated cTn values as having acute myocardial ischaemia resulting in MI. 1145 

However, ECG abnormalities are also common in patients who have myocardial injury, 1146 

e.g. myocarditis or TTS.158–160  1147 

 1148 

Prior or silent/unrecognized myocardial infarction 1149 

Q wave criteria associated with MI and increased relative risk of death are illustrated in 1150 

Table 3 and are contained in Q wave coding algorithms such as the Minnesota Code and 1151 

the WHO MONItoring of trends and determinants in CArdiovascular disease (MONICA) 1152 

code.11,161,162  1153 

 1154 
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 1155 

 1156 

Table 3 Electrocardiographic changes associated with prior myocardial infarction (in the 1157 

absence of left ventricular hypertrophy and left bundle branch block) 1158 

 1159 
s = seconds. 1160 

aThe same criteria are used for supplemental leads V7–V9. 1161 

 1162 

The specificity of the ECG diagnosis for MI is greatest when Q waves occur in several 1163 

leads or lead groupings or are >0.04 seconds (s). When the Q waves are associated with 1164 

ST deviations or T wave changes in the same leads, the likelihood of MI is increased; for 1165 

example, minor Q waves ≥0.02 s and <0.03 s that are ≥1 mm deep are suggestive of 1166 

prior MI if accompanied by inverted T waves in the same lead group. Non-invasive 1167 

imaging techniques also provide important supportive evidence of prior MI. In the 1168 

absence of non-ischaemic causes, regional myocardial thinning, scar or reduced wall 1169 

motion shown by echocardiography, myocardial perfusion scintigraphy (MPS) with single 1170 

photon emission computed tomography (SPECT) or positron emission tomography (PET), 1171 

or magnetic resonance imaging provide strong evidence for prior MI, particularly when 1172 

ECG criteria are equivocal. 1173 

 1174 

Asymptomatic patients who develop new Q wave criteria for MI detected during routine 1175 

ECG follow-up, or reveal evidence of MI by cardiac imaging that cannot be directly 1176 

attributed to an interim coronary revascularization procedure or an ACS admission, 1177 

should be termed ‘silent or unrecognized MI’. In studies where serial ECG analysis was 1178 

applied, silent or unrecognized Q wave MI accounted for 9–37% of all non-fatal MI 1179 

events and was associated with a significantly increased mortality risk.163,164 Improper 1180 

lead placement, QRS abnormalities, or technical error (e.g. lead reversal) may result in 1181 

the appearance of new Q waves or QS complexes, as compared to a prior tracing. Thus, 1182 

the diagnosis of a new silent Q wave MI should be confirmed by a repeat ECG recording 1183 

with correct lead placement, focused questioning about potential interim ischaemic 1184 

symptoms, or by an imaging study. Imaging techniques are useful if there is abnormal 1185 

myocardial motion or thickening or thinning in the region of interest but absence of these 1186 

does not exclude MI.165 1187 
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 1188 

 1189 

Criteria for prior or silent/unrecognized myocardial infarction 1190 

Any one of the following criteria meets the diagnosis for prior or silent/unrecognized MI: 1191 

- Pathological Q waves as described in table 3, with or without symptoms, in the 1192 

absence of non-ischaemic causes. 1193 

- Imaging evidence of loss of viable myocardium in a pattern consistent with ischaemic 1194 

aetiology. 1195 

- Pathological findings of a prior MI. 1196 

 1197 

MI = myocardial infarction. 1198 

Conditions that confound the ECG diagnosis of myocardial infarction 1199 

A QS complex in lead V1 is normal. A Q wave <0.03 s and <0.25 of the R wave amplitude 1200 

in lead III is normal if the frontal QRS axis is between −30° and 0°. A Q wave may also 1201 

be normal in aVL if the frontal QRS axis is between 60–90°. Septal Q waves are small, 1202 

non-pathological Q waves <0.03 s and <0.25 of the R-wave amplitude in leads I, aVL, 1203 

aVF, and V4–V6. Pre-excitation, cardiomyopathy, TTS, cardiac amyloidosis, LBBB, left 1204 

anterior hemiblock, LVH, right ventricular hypertrophy, myocarditis, acute cor pulmonale, 1205 

or hyperkalaemia may be associated with Q waves or QS complexes in the absence of 1206 

MI. Clinicians should be aware of confounders to the ECG diagnosis of myocardial 1207 

ischaemia since ST-T wave abnormalities are commonly observed with different 1208 

pathological cardiac conditions, such as pre-excitation, pericarditis, cardiomyopathy, etc. 1209 

 1210 

Conduction disturbances, pacemakers 1211 

The diagnosis of MI is more difficult in the presence of conduction disturbances, related 1212 

in part to ST-T wave changes caused by the conduction disturbance and the fact that the 1213 

conduction disturbance itself may be heart rate dependent.166,167 Comparison to a pre-1214 

admission ECG may be helpful in determining if the conduction defect or ST-T wave 1215 

changes are new, as long as it does not delay time to treatment. Ischaemic symptoms 1216 

and presumed new LBBB or right bundle branch block (RBBB) that is not rate-related are 1217 

associated with an adverse prognosis. In patients with LBBB, ST-segment elevation ≥1 1218 

mm concordant with the QRS complex in any lead may be an indicator of acute 1219 

myocardial ischaemia. Similar findings can be useful in detecting ECG evidence for acute 1220 

myocardial ischaemia in patients with right ventricular paced rhythms.167 Recording an 1221 

ECG tracing with the pacemaker temporarily switched off may also be useful in patients 1222 

who are not pacemaker dependent, but careful interpretation of repolarization is needed 1223 

due to the possible presence of stimulation-induced changes (electrical memory). The 1224 

ECG diagnosis of acute myocardial ischaemia in patients with biventricular pacing is more 1225 

difficult. In patients with RBBB, new or presumed new ST-segment elevation ≥1 mm or 1226 
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ST-segment or T wave abnormalities (excluding leads V1–V4) (Table 2) may indicate 1227 

acute myocardial ischaemia. New, or presumed new, RBBB without associated ST-1228 

segment or T wave changes is associated with Thrombolysis in Myocardial Infarction 1229 

(TIMI) 0–2 flow in as many as 66% of patients (compared to >90% in those with ST-1230 

segment or T wave changes).168 1231 

 1232 

Atrial fibrillation 1233 

In patients with atrial fibrillation and rapid ventricular rate or paroxysmal 1234 

supraventricular tachycardia, ST-segment depression or T wave inversion may occur in 1235 

the absence of CAD.169,170 The causes are not completely understood. Cardiac memory, 1236 

an electrical remodelling phenomenon characterized by marked diffuse T wave inversions 1237 

following periods of abnormal ventricular activation, that may also be caused by transient 1238 

rate-related conduction disturbances or pacing, may explain these findings. In some 1239 

patients, the tachycardia may result in insufficient increase in coronary flow to match 1240 

myocardial oxygen demand, resulting in cellular hypoxia and abnormal 1241 

repolarization.171,172 For these reasons, a patient with new onset atrial fibrillation, 1242 

elevated baseline cTn concentration, and new ST-segment depression should not 1243 

automatically be classified as type 2 MI without additional information. In this clinical 1244 

setting, signs of overt ischaemic symptoms, the timing of symptoms relative to atrial 1245 

fibrillation onset, a changing pattern of cTn, and imaging and/or angiographic findings 1246 

may be helpful in establishing the diagnosis. However, in the absence of evidence for 1247 

myocardial ischaemia the aetiology of the elevated cTn values should be attributed to 1248 

myocardial injury. 1249 

 1250 

Imaging techniques 1251 

Non-invasive imaging plays many roles in patients with known or suspected MI, but this 1252 

section concerns only its role in the diagnosis and characterization of myocardial injury 1253 

and MI. The underlying rationale is that regional myocardial hypoperfusion and ischaemia 1254 

lead to a cascade of events including myocardial dysfunction, cell death and healing by 1255 

fibrosis. Important imaging parameters are therefore myocardial perfusion, myocyte 1256 

viability, myocardial thickness, thickening and motion, and the effects of myocyte loss on 1257 

the kinetics of paramagnetic or radio-opaque contrast agents indicating myocardial 1258 

fibrosis or scar. 1259 

 1260 

Commonly used imaging techniques in acute and prior MI are echocardiography, MPS 1261 

using SPECT or PET, CMR, and possibly computed tomography (CT).173 There is 1262 

considerable overlap in their capabilities and each of the techniques can assess 1263 

myocardial viability, perfusion and function to a greater or lesser extent. Only the 1264 

radionuclide techniques provide a direct assessment of myocyte viability because of the 1265 



CONFIDENTIAL DOCUMENT 

42 

 

inherent properties of the tracers used. Other techniques provide indirect assessments of 1266 

myocardial viability such as contractile response to dobutamine by echocardiography or 1267 

increased extracellular space secondary to myocyte loss by CMR or CT. 1268 

 1269 

Echocardiography 1270 

The strength of echocardiography is the combined assessment of cardiac structure and 1271 

function, in particular myocardial thickness, thickening/thinning and motion. Regional 1272 

wall motion abnormalities induced by ischaemia can be detected by echocardiography 1273 

almost immediately after onset when >20% transmural myocardial thickness is 1274 

affected.174–176 These abnormalities, when new and without alternative aetiology, support 1275 

the diagnosis of MI when cTn values show a rising and/or falling pattern. 1276 

Echocardiography also allows detection of non-coronary cardiac pathologies known to 1277 

cause chest pain, e.g. acute pericarditis, severe aortic stenosis, and hypertrophic 1278 

cardiomyopathy among others. The technique is useful in diagnosing mechanical 1279 

complications in patients with MI and haemodynamic compromise (shock) or other 1280 

potentially fatal entities such as acute aortic dissection or massive pulmonary embolism 1281 

where the clinical presentation might be similar to that seen with acute MI. 1282 

 1283 

Intravenous echocardiographic contrast agents can improve visualization of the 1284 

endocardial border and can be used to assess myocardial perfusion and microvascular 1285 

obstruction. Tissue Doppler and strain imaging permit quantification of global and 1286 

regional function.177,178 Intravascular echocardiographic contrast agents that are targeted 1287 

at specific molecular processes have been developed, but these techniques have not yet 1288 

been applied in the setting of MI.179 
1289 

 1290 

Radionuclide imaging 1291 

Several radionuclide tracers allow viable myocytes to be imaged directly, including the 1292 

SPECT tracers 201TI chloride, 99mTc sestamibi  and tetrofosmin; and the PET tracers 18F 2-1293 

fluorodeoxyglucose and 82Rb.173 A strength of the radionuclide techniques is that they are 1294 

the only commonly available methods for assessing viability directly, although the 1295 

relatively low resolution of the images limits them for detecting the smallest areas of MI. 1296 

Phantom studies suggest that myocyte loss as little as 4% of the myocardium can be 1297 

detected, corresponding to 5−10 grams (g) of muscle.180 ECG-gated imaging provides a 1298 

reliable assessment of myocardial motion, thickening and global function. Evolving 1299 

radionuclide techniques relevant to the assessment of MI include imaging of sympathetic 1300 

innervation using 123 I labelled meta-iodobenzylguanidine,181 imaging of matrix 1301 

metalloproteinase activation in ventricular remodelling,182,183 and assessment of 1302 

myocardial metabolism.184 1303 

 1304 
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 1305 

Cardiac magnetic resonance imaging 1306 

The high tissue contrast and resolution of CMR provides an accurate assessment of 1307 

myocardial structure and function. Although less commonly used in the acute setting, it 1308 

has similar capability to echocardiography in suspected MI. Paramagnetic contrast agents 1309 

can be used to assess myocardial perfusion and the increase in extracellular space that is 1310 

associated with the fibrosis of prior MI (detected by LGE-CMR). These techniques have 1311 

been used in the setting of acute MI185,186 and localized delay in contrast enhancement is 1312 

able to detect even small areas of subendocardial MI, thought to be as little as 1 g.187 1313 

CMR also has the ability to identify the presence and extent of myocardial 1314 

oedema/inflammation, allowing the distinction of acute vs. chronic myocardial injury. The 1315 

patterns of LGE when reflecting ischaemic and non-ischaemic myocardial injury are 1316 

shown in Figure 9. 1317 

 1318 
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 1319 

 1320 

 1321 

Figure 9. Post-contrast cardiac magnetic resonance images: the gadolinium-based 1322 

contrasts wash out slowly from myocardium with increased extracellular space such as 1323 

fibrosis, thus enhancing areas of scar (white arrows). The different patterns of scar are 1324 

divided into ischaemic and non-ischaemic. Typically, ischaemic scar/fibrosis (upper 1325 

panel) extends from the subendocardium to the epicardium (subendocardial, non-1326 

transmural scar vs. transmural scar). Conversely non-ischaemic fibrosis/scar can be 1327 

encountered at the epicardium, in the mid-wall, or at the insertion points of the right 1328 

ventricle (lower panel). 1329 

 1330 

Computed tomographic coronary angiography  1331 

Infarcted myocardium is initially visible as a focal area of decreased LV myocardial 1332 

enhancement but later imaging shows hyper-enhancement as with LGE-CMR.188 This 1333 

finding is clinically relevant because contrast-enhanced CT may be performed for 1334 

suspected pulmonary embolism and aortic dissection, conditions with clinical features 1335 

that overlap with those of acute MI, but the technique is not used routinely. Similarly, CT 1336 

assessment of myocardial perfusion is technically feasible but not widely applied.189  CT 1337 

coronary angiography (CTCA) may be used to diagnose CAD in patients with an ACS in 1338 

the emergency department or chest pain unit, particularly in low- to intermediate-risk 1339 

patients with normal cTn at presentation.189–193 The only randomized trial in these 1340 

patients that included both hs-cTn and CTCA found that imaging did not reduce the 1341 

length of stay in hospital but it did decrease subsequent outpatient testing and costs.189 1342 

A diagnosis of MI cannot be established based on a CTCA scan alone. 1343 

 1344 

Applying imaging in acute myocardial infarction  1345 

Imaging techniques can be useful in the diagnosis of acute MI because of the ability to 1346 

detect wall motion abnormalities or loss of viable myocardium in the presence of elevated 1347 

cardiac biomarker values. Demonstration of new loss of myocardial viability in the 1348 

absence of non-ischaemic causes supports the diagnosis of MI. Normal function 1349 

practically excludes significant MI but a small MI cannot be ruled out.194 Thus, imaging 1350 

techniques are useful for early triage and discharge of patients with suspected MI. 1351 

However, if biomarkers have been measured at appropriate times and are normal, this 1352 

excludes acute MI and takes precedence over the imaging criteria. 1353 

 1354 

Abnormal regional myocardial motion and thickening may be caused by acute MI or by 1355 

one or more of several other conditions including prior infarction, acute ischaemia, 1356 

stunning, or hibernation. Non-ischaemic conditions such as cardiomyopathy and 1357 

inflammatory or infiltrative diseases can also lead to regional loss of viable myocardium 1358 

or functional abnormality. Therefore, the positive predictive value of imaging for acute MI 1359 
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is not high unless these conditions can be excluded and unless a new abnormality is 1360 

detected or can be presumed to have arisen in the setting of other features of acute MI. 1361 

 1362 

In the setting of acute MI, CMR can also be used to assess the presence and extent of 1363 

myocardium at risk (myocardial oedema), myocardial salvage, microvascular 1364 

obstruction, intramyocardial haemorrhage and infarct size − all markers of myocardial 1365 

injury that have prognostic value.190 In patients with possible acute MI but unobstructed 1366 

coronary arteries, CMR can help to diagnose alternative conditions such as myocarditis, 1367 

TTS, embolic infarction, or MI with spontaneous recanalization.189 1368 

 1369 

Applying imaging in late presentation of myocardial infarction 1370 

In the case of late presentation after suspected MI, the presence of a regional 1371 

abnormality of myocardial motion, thickening, thinning, or scar in the absence of a non-1372 

ischaemic cause provides supportive evidence of past MI. The resolution and specificity of 1373 

CMR for the detection of myocardial scar has made this a valuable technique. In 1374 

particular, the ability to distinguish between subendocardial and other patterns of scar 1375 

helps to differentiate between ischaemic heart disease and other myocardial pathology. 1376 

Imaging techniques are also useful for risk stratification after a definitive diagnosis of MI.  1377 

 1378 

Regulatory perspective on myocardial infarction in clinical trials 1379 

In drug and device development programmes, MI may be an entry criterion or be used 1380 

as an efficacy endpoint, commonly as a component of the primary endpoint, as well as a 1381 

safety endpoint of interest in drug development programmes.195,196 A universal definition 1382 

of MI is of great benefit for clinical studies, since it will allow a standardized approach for 1383 

meaningful interpretation and comparison across different trials, or the pooling of results 1384 

for the detection of safety signals. For the harmonization of the MI definition it is 1385 

important to standardize the reporting of MI events by clinical events committees. This 1386 

would allow a more optimal comparison of MI rates among drug and device trials. 1387 

 1388 

One cannot presume that values from one cTn assay are equivalent to those of another. 1389 

These differences are amplified when multiples of the values are used. This could affect 1390 

results, especially in trials which compare strategies such as PCI and CABG. The use of 1391 

one single assay and/or a central core laboratory within a trial could help to decrease this 1392 

variability and might be particularly relevant to decrease variability in trials of a drug or 1393 

intervention in which cTn concentration is a principal safety endpoint. However, the 1394 

uniform use of a single assay is generally not feasible in trials with follow-up post-1395 

discharge since recurrent ischaemic events may occur in different hospitals using 1396 

different cTn assays. In clinical trials, a standardized approach to establish the 99th 1397 

percentile URL for a particular assay should be established. One approach in large 1398 
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multicentre trials is to use the manufacturer’s recommended 99th percentile URL for a 1399 

particular assay to reduce site-to-site variability in selection of the MI decision cut-point. 1400 

 1401 

Multiples for hs-cTn vs. conventional cTn could have markedly different prognostic 1402 

implications. The assay types should be reported when possible. Multiples of the 99th 1403 

percentile URL should be indicated and reported both for those with cardiac procedural 1404 

myocardial injury and those diagnosed with types 4a and 5 MI. Cumulative frequency 1405 

distribution of peak cTn measurements for MI endpoint assessments by treatment group 1406 

should also be provided. This will facilitate comparison of trials and meta-analyses. 1407 

 1408 

Silent/unrecognized myocardial infarction in epidemiological studies and 1409 

quality programmes 1410 

ECG monitoring for unrecognized or silent Q wave MI is usually acquired annually in 1411 

epidemiological studies and clinical trials that assess cardiovascular endpoints. These 1412 

events are associated with adverse outcomes.197 There is no firm consensus on how 1413 

frequently to monitor for ECG evidence of silent Q wave MI or whether surveillance for 1414 

silent MI events should be routinely implemented. Serial monitoring of patients who have 1415 

had a symptomatic Q wave MI event revealed Q wave regression in a substantial number 1416 

of patients.198 An annual ECG is reasonable in clinical trials to monitor for silent Q wave 1417 

MI events if the study population is expected to have an accelerated rate of 1418 

atherosclerotic events. The review should consider the baseline tracing, interim event 1419 

ECG tracings, and protocol mandated annual tracings along with review of imaging 1420 

studies if available. 1421 

 1422 

Individual and public implications of the myocardial infarction definition 1423 

Revision of the definition of MI has a number of implications for individuals, health 1424 

professionals, and society at large. A tentative or final diagnosis is the basis for advice 1425 

about further diagnostic testing, lifestyle changes, treatment and prognosis for the 1426 

patient. The aggregate of patients with a particular diagnosis is the basis for healthcare 1427 

planning and policy and resource allocation. 1428 

 1429 

One of the goals of good clinical practice is to reach a definitive and specific diagnosis, 1430 

which is supported by current scientific knowledge. The approach to the definition of 1431 

myocardial injury and MI outlined in this document meets this goal. In general, the 1432 

conceptual meaning of the term myocardial infarction has not changed, although new 1433 

sensitive methods have been developed to diagnose this entity. Thus, the diagnosis of an 1434 

acute MI is a clinical diagnosis based on patient symptoms, ECG changes, and highly 1435 

sensitive biochemical markers, as well as information gleaned from various imaging 1436 

techniques. 1437 
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 1438 

It should be appreciated that the universal definition of MI may be associated with 1439 

consequences for patients and their families with respect to psychological status, life and 1440 

health insurance, and professional career, as well as driving and pilot licences. The 1441 

diagnosis is also associated with societal implications with regards to diagnosis-related 1442 

coding, hospital reimbursement, public health statistics, sick leave, and disability 1443 

attestation. In order to meet these challenges, physicians must be adequately informed 1444 

of the diagnostic criteria. Hence, educational materials will need to be created and 1445 

treatment guidelines must be appropriately adapted. 1446 

 1447 

Global perspectives of the definition of myocardial infarction 1448 

Cardiovascular disease is a global health problem and prevalence is increasing in the 1449 

developing world. Understanding the burden and effects of CAD in populations is of 1450 

critical importance. Changing clinical definitions, criteria and biomarkers add challenges 1451 

to our understanding and ability to improve the health of the public. For clinicians, the 1452 

definition of MI has important and immediate therapeutic implications. For 1453 

epidemiologists, the data are often retrospective, so consistent case definitions are 1454 

critical for comparisons and trend analysis. The standards described in this report are 1455 

suitable for epidemiology studies and for international classification of diseases.199 1456 

However, to analyze trends over time, it is important to have consistent definitions and 1457 

to quantify adjustments when biomarkers or other diagnostic methods change,200 1458 

considering that the advent of cTn has dramatically increased the number of diagnosable 1459 

MIs for epidemiologists.11,201 1460 

 1461 

In countries with limited economic resources, cardiac biomarkers and imaging techniques 1462 

may not be available except in a few centres, and even the option of ECG recordings may 1463 

be lacking. The WHO recommends the use of the ESC/ACC/AHA/WHF Universal Definition 1464 

of MI in countries without resource constraints, but recommends more flexible standards 1465 

in resource-constrained locations. Thus, when the only information available is the 1466 

clinical history and ECG, and when data on cardiac biomarkers are not available or 1467 

incomplete, the diagnosis of MI can be confirmed by the development of pathological Q 1468 

waves.11 
1469 

 
1470 

Using the Universal Definition of Myocardial Infarction in the healthcare 1471 

system 1472 

Arriving at a diagnosis of MI using the criteria set forth in this document requires 1473 

integration of clinical findings, patterns on the ECG, laboratory data, observations from 1474 

imaging procedures, and on occasion pathological findings, all viewed in the context of 1475 

the time horizon over which the suspected event unfolds. Contemporary healthcare 1476 
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systems are increasingly using electronic medical records where medical information is 1477 

entered, curated, and available for retrieval at a later date. This evolution offers the 1478 

advantages of a modern electronic database that is useful for a variety of purposes, 1479 

including scientific discovery and quality improvement in clinical care, but carries with it 1480 

the challenges of sifting through variable locations and formats where key data elements 1481 

for confirming a diagnosis of MI are located. Also, use of the electronic medical record as 1482 

an epidemiological and research tool of the future is likely to require efforts to verify the 1483 

accuracy of an acute MI diagnosis rather than accepting the coded diagnoses used for 1484 

administrative and billing purposes. Such an effort to create a computable phenotype of 1485 

MI (further categorized as types 1−5 MI) will require input from informaticians and 1486 

experts in implementation science to translate the recommendations from this Universal 1487 

Definition of MI into the routine practice of healthcare delivery and documentation. 1488 

 1489 

Given the evolution of biomarker assays used to support the diagnosis of MI, it is 1490 

important that a consistent approach be used in the construction of the computable 1491 

phenotype of MI so as to reliably make comparisons across institutions and track 1492 

epidemiological trends. Ideally, the information provided should include the assay used to 1493 

make the diagnosis of MI, the 99th percentile of the URL, and the full sequence of values 1494 

obtained to discern a rise and fall in biomarker levels.196 
1495 

 1496 
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Appendix 1516 

 1517 

Approved by the ESC Committee for Practice Guidelines (CPG) on behalf of the ESC Board 2016-1518 

2018. 1519 

 1520 

 1521 

ESC National Cardiac Societies actively involved in the review process of the Fourth universal 1522 

definition of myocardial infarction: 1523 

Algeria: Algerian Society of Cardiology, Mohamed Chettibi; Armenia: Armenian Cardiologists 1524 

Association, Hamlet Hayrapetyan; Austria: Austrian Society of Cardiology, Franz Xaver Roithinger; 1525 

Azerbaijan: Azerbaijan Society of Cardiology, Farid Aliyev; Belarus: Belorussian Scientific Society of 1526 

Cardiologists, Volha Sujayeva; Belgium: Belgian Society of Cardiology, Marc J. Claeys; Bosnia and 1527 

Herzegovina: Association of Cardiologists of Bosnia and Herzegovina, Elnur Smajić; Czech 1528 

Republic: Czech Society of Cardiology, Petr Kala; Denmark: Danish Society of Cardiology, Kasper 1529 

Karmak Iversen; Egypt: Egyptian Society of Cardiology, Ehab El Hefny; Estonia: Estonian Society of 1530 

Cardiology, Toomas Marandi; Finland: Finnish Cardiac Society, Pekka Porela; The Former 1531 

Yugoslav Republic of Macedonia: Macedonian FYR Society of Cardiology, Slobodan Antov;  1532 

France: French Society of Cardiology, Martine Gilard; Germany: German Cardiac Society, Stefan 1533 

Blankenberg; Greece: Hellenic Society of Cardiology, Periklis Davlouros; Iceland: Icelandic Society of 1534 

Cardiology, Thorarinn Gudnason; Israel: Israel Heart Society, Ronny Alcalai; Italy: Italian Federation 1535 

of Cardiology, Furio Colivicchi; Kosovo: Kosovo Society of Cardiology, Shpend Elezi; Kyrgyzstan: 1536 

Kyrgyz Society of Cardiology, Gulmira Baitova, Latvia: Latvian Society of Cardiology, Ilja Zakke; 1537 

Lithuania: Lithuanian Society of Cardiology, Olivija Gustiene; Luxembourg: Luxembourg Society of 1538 

Cardiology, Jean Beissel; Malta: Maltese Cardiac Society, Philip Dingli; Moldova: Moldavian Society 1539 

of Cardiology, Aurel Grosu; The Netherlands: Netherlands Society of Cardiology, Peter Damman; 1540 

Norway: Norwegian Society of Cardiology, Vibeke Juliebø; Poland: Polish Cardiac Society, Jacek 1541 

Legutko; Portugal: Portuguese Society of Cardiology, Joäo Morais; Romania: Romanian Society of 1542 

Cardiology, Gabriel Tatu-Chitoiu; Russian Federation: Russian Society of Cardiology, Alexey 1543 

Yakovlev; San Marino: San Marino Society of Cardiology, Marco Zavatta; Serbia: Cardiology Society 1544 

of Serbia, Milan Nedeljkovic; Slovenia: Slovenian Society of Cardiology, Peter Radsel; Spain: 1545 

Spanish Society of Cardiology, Alessandro Sionis; Sweden: Swedish Society of Cardiology, Tomas 1546 

Jemberg; Switzerland: Swiss Society of Cardiology, Christian Müller; Tunisia: Tunisian Society of 1547 

Cardiology and Cardio-Vascular Surgery, Leila Abid; Turkey: Turkish Society of Cardiology, Adnan 1548 

Abaci; Ukraine: Ukrainian Association of Cardiology, Alexandr Parkhomenko; United Kingdom: 1549 

British Cardiovascular Society, Simon Corbett. 1550 
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