
European Heart Journal (2026) 00, 1–4 
https://doi.org/10.1093/eurheartj/ehag434

VIEWPOINT 
Ischaemic heart disease

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

A new definition of MINOCA: from infarction 
to injury
Chiara Bucciarelli-Ducci  1,2,3,*, Thomas Luscher1,4, and Filippo Crea  5

1Royal Brompton and Harefield Hospitals, Guys and St Thomas NHS Foundation Trust, London SW3 6NP, UK; 2National Heart and Lung Institute, Imperial College 
London, London SW3 6LY, UK; 3School of Biomedical Engineering & Imaging Sciences, King’s College London, London WC2R 2LS, UK; 4Center for Molecular Cardiology, 
University of Zurich, Wagistreet 12, Schlieren 8952, Switzerland; and 5Gemelli-Isola Hospital, Catholic University of Rome, Italy

Graphical abstract

MINOCA: a new perspective

Changing de	nition of MINOCA

2017
ESC Pharmacology WG 
ESC STEMI Guidelines

Proposed new de	nition of MINOCA

2018 
4th De�nition MI

2023 
ESC ACS
Guidelines

2019 
AHA

Scienti�c
Statement
MINOCA

2021
AHA/ACC chest
pain Guidelines

2020
ESC NSTEMI

Guidelines

Working
diagnosis

Working
diagnosis

Final
diagnosis
infarction

Final
diagnosis
infarction

Final
diagnosis
infarction

A

Myocardial Infarction Injury with
Non-Obstructive Coronary Arteries

Myocardial injury (working diagnosis)

Coronary causes Non-coronary causes

Additional invasive and non-invasive tests
to con�rm the �nal diagnosis

M I N O C

ACC, American College of Cardiology; ACS, acute coronary syndrome; AHA, American Heart Association; ESC, European Society of Cardiology, MI, myocardial infarction; 
MINOCA, myocardial infarction with non-obstructed coronary arteries; NSTEMI, non-ST-segment elevation myocardial infarction; STEMI, ST-segment elevation myocardial 
infarction, WG, working group

Bucciarelli-Ducci C, et al. European Heart Journal.

Keywords MINOCA • Working diagnosis • Myocardial infarction • Myocardial injury

* Corresponding author. Email: c.bucciarelli-ducci@nhs.net, X: @chiarabd
© The Author(s) 2026. Published by Oxford University Press on behalf of the European Society of Cardiology. All rights reserved. For commercial re-use, please contact 
reprints@oup.com for reprints and translation rights for reprints. All other permissions can be obtained through our RightsLink service via the Permissions link on the article 
page on our site—for further information please contact journals.permissions@oup.com.

https://orcid.org/0000-0002-2515-0852
https://orcid.org/0000-0001-9404-8846
mailto:c.bucciarelli-ducci@nhs.net
https://twitter.com/chiarabd
https://doi.org/10.1093/eurheartj/ehag434


Introduction
Myocardial infarction (MI) in the absence of obstructive coron
ary artery disease was first documented almost 100 years ago in 
patients whose autopsies demonstrated myocardial necrosis in 
the absence of significant atherosclerosis of epicardial coronary 
arteries.1,2 More contemporary data suggest that up to 7–15% 
of patients presenting with acute coronary syndromes (ACSs) 
have non-obstructed coronary arteries, thus posing a diagnostic 
dilemma and clinical challenges.3 In addition, while it was initially 
considered a benign condition given the absence of obstructed 
epicardial coronary arteries, it was later shown to be associated 
with a non-negligible all-cause mortality of 4.7% at 12 months.4

The use of the acronym MINOCA (i.e. MI with non-obstructed 
coronary arteries) to label this condition has changed over the 
years and across consensus documents and guidelines from a 
working diagnosis5,6 to a final diagnosis of MI with non- 
obstructive coronary arteries7–9 and eventually again a working 
diagnosis.3 Using a single terminology to identify a group of pa
tients with similar clinical presentation, but very diverse under
lying aetiologies and final diagnoses, presents challenges. In this 
document, we propose a novel connotation for the acronym 
MINOCA that would reconcile the condition as a working diag
nosis encompassing a few diverse aetiologies.

Evolution of the terminology 
MINOCA
The terminology to describe this entity has evolved over the years, 
initially called ‘Myocardial Infarction and Normal Coronaries’ 
(MINC), becoming ‘Myocardial Infarction and Normal Coronaries 
Arteries’ (MINCA), then settling with the acronym MINOCA 
(Myocardial Infarction with Non-Obstructed Coronary Arteries), 
first coined by John Beltrame in 2013. It was then accepted in 
2017 by the European Society of Cardiology (ESC) Working on 
Cardiovascular Pharmacotherapy,5 which defined MINOCA by 
the presence of four criteria: (1) symptoms or signs indicative of 
MI (e.g. typical chest pain, ischaemic ECG changes, new regional 
wall motion abnormalities); (2) biochemical evidence of MI (ele
vated cardiac troponin >99th percentile with a rise or fall on serial 
assessment); (3) non-obstructive coronary artery disease (CAD), 
with no stenosis ≥50% in any major epicardial vessel by either in
vasive or computed tomography coronary angiography; and (4) ex
clusion of non-ischaemic causes of troponin elevation (e.g. 
myocarditis).5,8 The 2017 ESC Guidelines for the management of 
acute myocardial infarction in patients presenting with ST-segment 
elevation embraced this definition and diagnostic criteria, calling 
it ‘suspected diagnosis’ where additional testing is required.6 The 
non-invasive testing recommended was an echocardiogram or 
cardiovascular magnetic resonance (CMR) to identify coronary 
and non-coronary causes, such as Takotsubo syndrome (TTS), 
acute myocarditis, or cardiomyopathies, respectively. Invasive 
testing was recommended to identify coronary (using intravascu
lar ultrasound; IVUS or optical coherence tomography; OCT or 
functional testing) and myocardial causes (by endomyocardial bi
opsy; EMB).

In 2018, the 4th Definition of Myocardial Infarction (UDMI) 
restricted the terminology of MINOCA to myocardial injury 
with evidence of ischaemia (type 1 or type 2 MI), thus excluding 

from this terminology other working diagnoses such as myocar
ditis, TTS, and cardiomyopathies.7 Subsequently, both a 2019 
Scientific Statement of the American Heart Association (AHA) 
on Contemporary Diagnosis and Management of Patients With 
Myocardial Infarction in the Absence of Obstructive Coronary 
Artery Disease and the 2020 ESC Guidelines for the management 
of acute coronary syndromes in patients presenting without persist
ent ST-segment elevation recommended the terminology 
MINOCA to be used just to identify the final diagnosis of infarc
tion with unobstructed coronary arteries.8,9 Similarly, the 2021 
AHA/ACC/ASE/CHEST/SAEM/SCCT/SCMR Guideline for the 
Evaluation and Diagnosis of Chest Pain uses the terminology 
MINOCA to indicate a final diagnosis of MI.10 More recently, 
the 2023 ESC Guidelines for the management of acute coronary 
syndromes returned to the original definition of MINOCA as a 
working diagnosis, thus using it as an umbrella term that encom
passes both coronary and non-coronary aetiologies, with the lat
ter including both cardiovascular and systemic disorders.3 The 
changing definition of MINOCA over the years has created in
consistency in the use of this terminology, both in clinical prac
tice (used both as a working diagnosis or as a final diagnosis in 
discharge summaries) and in published original research.

Over the years, the oscillating definition of MINOCA between 
a working diagnosis and a final diagnosis of MI has created chal
lenges. This uncertainty has been settled in the 2023 ESC 
Guidelines for the management of acute coronary syndrome3 pro
posing MINOCA as a working diagnosis. However, the I for in
farction’ in the word MINOCA does not reflect the working 
diagnosis nature of this terminology, as it already prematurely 
assigns the diagnosis of infarction before subsequent invasive 
and non-invasive tests required to identify the final diagnosis 
are performed, as indicated in the ESC and AHA/ACC 
Guidelines.2,11 Patients presenting with MINOCA (working 
diagnosis) have in common symptoms or signs suggestive of is
chaemic origin (acute chest pain presentation and/or abnormal 
ECG), transient troponin rise, and non-obstructive epicardial 
coronary arteries, but they can have very different final diagno
ses. Thus, it might be inappropriate and potentially misleading 
for physicians and patients alike to assume in all MINOCA pa
tients a diagnosis of MI. In fact, a small study on patients pre
senting with MINOCA (working diagnosis) and subsequently 
diagnosed with Takotsubo syndrome, reported that the change 
of diagnosis from MI (diagnosis at admission using MINOCA as 
infarction) to a non-myocardial infarction diagnosis (TTS) at dis
charge created a certain degree of confusion and uncertainty.12

Of note, a recent meta-analysis indicates that among patients 
presenting with MINOCA (working diagnosis), only a minority of 
22% has an epicardial coronary cause of MI, while about 
two-thirds having a non-epicardial coronary, microvascular 
(e.g. Takotsubo syndrome), or myocardial cause of MINOCA 
(e.g. acute myocarditis, and other cardiomyopathies).13 These 
findings are also confirmed by a large single centre MINOCA 
registry study in which MI was observed only in 27% of patients, 
with a non-MI diagnosis present in 73% of patients.14

Cardiovascular magnetic resonance (CMR) was used to obtain a 
myocardial tissue diagnosis of the underlying myocardial injury, 
thus establishing the final diagnosis and reclassifying patients 
with the correct diagnosis requiring specific management strat
egies. Thus, based on the available literature, only <30% of pa
tients with MINOCA (working diagnosis) have a final diagnosis 
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of MI. This underscores the importance of not using the term 
MINOCA as the final diagnosis of MI, which in fact occurs in a mi
nority of patients.

Accordingly, in this Viewpoint, we propose to redefine the 
acronym MINOCA with the ‘I’ for ‘injury’ (Myocardial Injury 
with Non-Obstructive Coronary Arteries), which would more 
adequately reflect a working diagnosis that can be due to cardiac 
vasculature (both epicardial and/microvascular), or non- 
vascular, such as myocardial or systemic causes. In fact, myocar
dial ‘injury’ indicates a transient troponin rise with at least one 
value above the 99th percentile, and signs and symptoms sug
gestive of ischaemic origin—all common signs and symptoms 
present in patients with MINOCA (working diagnosis)—whilst 
also reconciling the working diagnosis nature of the terminology 
that would include both ischaemic and non-ischaemic mechan
isms (Graphical Abstract). This represents a subtle deviation from 
the 4th UDMI in which ‘myocardial injury’ is defined only as an 
elevation of cardiac troponin above the 99th percentile with or 
without evidence of ischaemia, whereas ‘myocardial infarction’ 
requires additional proof of (1) symptoms of myocardial ischae
mia, (2) new ischaemic ECG changes, (3) development of patho
logical Q waves, (4) imaging evidence of new loss of viable 
myocardium or new regional wall motion abnormality in a pat
tern consistent with an ischaemic aetiology, (5) Identification 
of a coronary thrombus by angiography or autopsy’. However, 
in the clinical realm some of the above signs or symptoms, 
such as ‘symptoms of myocardial ischemia’ (i.e. chest pain) and 
‘new ischaemic ECG changes’ (i.e. ST elevation, ST depression, 
T-wave changes) can often overlap in ischemia and acute myo
carditis. Therefore, it appears pertinent that acute myocardial 
injury, in addition to troponin rise, can be accompanied by chest 
pain and ECG changes either ischaemic or non-ischaemic. 
Further assessment is warranted to identify the aetiology and in
deed the differential diagnosis, thus making the terminology of 
myocardial injury a working diagnosis.

Indeed, myocardial injury associated to hsTn raise can be 
caused by (1) insufficient oxygen supply due to obstructed 
arteries (i.e. infarction); (2) insufficient oxygen in the blood (i.e. 
hypoxia); (3) myocardial infections, severe stress, toxins, inflam
mation, severe illnesses, trauma, etc (i.e. non-ischaemic necro
sis). Thus, myocardial injury can be related to MI, yet not all 
myocardial injuries lead to an MI. As indicated by the current 
guidelines, only the implementation of subsequent invasive 
and non-invasive testing can identify the cause of MINOCA. 
When an MI is confirmed in a patient with MINOCA (i.e. myocar
dial injury), then it is should be simply referred to as ‘myocardial 
infarction’. As myocardial injury is a descriptive term that under
pins ischaemic, hypoxic, and tissue damage-related mechanisms, 
it provides an opportunity to propose a new classification of 
MINOCA (working diagnosis) which encompasses all the under
lying pathophysiological processes that present with pain, ECG 
changes, and transient troponin rise, thus leading to a final diag
nosis and thus optimal stratified therapeutic strategies.

Conclusion
This new definition of MINOCA, replacing the ‘I’ for infarction 
with the ‘I’ for injury, better reflects the working diagnosis na
ture of this terminology, whilst also emphasizing the need for 

further invasive and non-invasive testing to identify the final 
diagnosis, which can be epicardial, microvascular, myocardial, 
and non-cardiac.
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