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Introduction

The management of acute myocardial infarction (AMI)" has evolved
over the past century and particularly in the past 50 years. Important
milestones include the development of the electrocardiogram, cor-
onary care units, coronary angiography, reperfusion therapies, and
troponin assays. These innovations are the foundation of contem-
porary AMI management strategies that include a diagnosis centred
on elevated troponin values associated with corroborative clinical
evidence," early use of coronary angiography, and reperfusion
therapies.”™*

Pivotal in the evolution of these contemporary strategies were
the early AMI coronary angiography studies undertaken by
DeWood et al. These pioneering studies demonstrated that, in pa-
tients presenting with ST elevation myocardial infarction (STEMI),
almost 90% had an occluded coronary artery provided that angiog-
raphy was undertaken within 4 h of chest pain onset.” In contrast, in
AMI patients who did not present with ST elevation (non-ST eleva-
tion myocardial infarction or NSTEMI), only 26% had an occluded
coronary artery when angiography was performed within 24 h of
symptom onset.® In both of these landmark studies,”® >90% of
the acute Ml patients had angiographic evidence of obstructive cor-
onary artery disease (CAD), underscoring the importance of the
atherosclerotic process in the pathogenesis of AMI.

Although DeWood’s studies underscore the importance of ob-
structive CAD in AM|, it is fascinating that ~10% had no significant
CAD on coronary angiography. This is confirmed in several large
AMI registries’~° where 1-13% of AMI's occurred in the absence

of obstructive CAD thereby eliciting an important set of ques-
tions—what is the mechanism of the myocardial damage in these pa-
tients? Do these patients differ from those with obstructive CAD?
Should they be managed with the same clinical strategies? Do pa-
tients with non-obstructive atherosclerosis differ in pathophysi-
ology and outcomes from those with angiographically normal
coronary arteries! These and other issues have prompted clinical
researchers to coin the term myocardial infarction with non-
obstructive coronary arteries (MINOCA). This position paper is
the first authoritative international expert opinion regarding this in-
triguing condition. We seek to define MINOCA, describe its asso-
ciated clinical features and mechanisms, detail an assessment
pathway for its evaluation, as well as stimulate research into its
mechanisms and treatment."®

Definitions

Rationale for diagnosis

As the name implies, the formulation of the MINOCA diagnosis re-
quires both clinical documentation of an AMI and demonstration of
non-obstructive coronary arteries (Table 7). Accordingly, the diag-
nosis is made following coronary angiography in the evaluation of
a clinical presentation consistent with AMI. It should be noted
that the Universal Definition of Myocardial Infarction specifies
that the combination of symptoms and a positive cardiac biomarker
in the appropriate clinical scenario is diagnostic of AMI. Therefore,
if there is no clinically apparent alternative diagnosis, such as
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Table |

Diagnostic criteria for myocardial infarction with non-obstructive coronary arteries

The diagnosis of MINOCA is made immediately upon coronary angiography in a patient presenting with features consistent with an acute myocardial

infarct, as detailed by the following criteria:
(1) AMI criteria.”

(a) Positive cardiac biomarker (preferably cardiac troponin) defined as a rise and/or fall in serial levels, with at least one value above the 99th percentile

upper reference limit.
and

(b) Corroborative clinical evidence of infarction evidenced by at least one of the following:

(i) Symptoms of ischaemia

(if) New or presumed new significant ST-T changes or new LBBB

(iii) Development of pathological Q waves

(iv) Imaging evidence of new loss of viable myocardium or new RWMA

(v) Intracoronary thrombus evident on angiography or at autopsy

(2) Non-obstructive coronary arteries on angiography:

o Defined as the absence of obstructive CAD on angiography, (i.e. no coronary artery stenosis >50%), in any potential infarct-related artery.

e This includes both patients with:
o normal coronary arteries (no stenosis >30%)
o mild coronary atheromatosis (stenosis >30% but <50%).
(3) No clinically overt specific cause for the acute presentation:

o At the time of angiography, the cause and thus a specific diagnosis for the clinical presentation is not apparent.
e Accordingly, there is a necessity to further evaluate the patient for the underlying cause of the MINOCA presentation.

LBBB, left bundle branch block. RWMA, regional wall motion abnormality.

myocarditis or pulmonary embolism, the diagnosis of MINOCA is
applicable. The rationale for establishing MINOCA as a clinical diag-
nosis includes: (i) providing a common nomenclature for this group
of patients who are often overlooked in contemporary clinical prac-
tice, (i) encouraging routine evaluation for underlying causes in
these patients, and (jii) stimulating further studies into its respon-
sible mechanisms, outcomes, and most appropriate management
strategies. Myocardial infarction with non-obstructive coronary ar-
teries should be considered as a ‘working diagnosis’, analogous to
heart failure, and thus prompts further evaluation regarding its
underlying mechanism(s).

Acute myocardial infarction clinical
criteria

As summarized in Table 1, the AMI criteria for MINOCA constitute
those defined by the well-established ‘Third Universal Definition of
Myocardial Infarction’.! This contemporary definition is focused
upon a positive cardiac biomarker and corroborative clinical
evidence of an AMI. Compared with previous AMI definitions (pre-
dating the troponin assay), the criteria are more sensitive, and may
be further enhanced with the introduction of ultra-high-sensitivity
troponin assays, although the specificity may be compromised.
Hence, the emphasis of corroborating the bioassay findings with
the clinical presentation is of paramount importance in the defin-
ition. Moreover, this definition introduces the concept of types of
infarcts,’ reflecting the underlying cause of the AMI. Type-1 (spon-
taneous) and type 2 (supply-demand mismatch, including coronary
artery spasm) are most relevant to this document.

A potential problem with current AMI criteria is their central fo-
cus upon troponins, since clinicians encounter elevated troponins in
clinical scenarios other than AMI. A detailed discussion of troponins
in the diagnosis of AMl is beyond the scope the present paper, but

has been detailed in other reviews.""

There are three central concepts in interpreting troponins in the
context of a coronary angiogram showing non-obstructive coronary
arteries. First, it should be appreciated that cardiac troponins are
‘organ specific’ and not ‘disease specific’. An elevated cardiac tropo-
nin is not necessarily indicative of an AMI but reflects myocardial
injury or necrosis. One example of a disease process causing myo-
cardial injury and troponin elevation without an AMl is pulmonary
embolism. Thus, there must be corroborative clinical evidence in
addition to elevated cardiac troponins to establish the diagnosis of
AM, including MINOCA. However, there is no imaging technology,
including cardiac magnetic resonance (CMR) imaging, which can de-
finitively exclude an ischaemic cause of troponin elevation (see
‘MINOCA with normal cardiac MR imaging’). Only a pathologic
examination is definitive. Second, rarely the troponin assays may
provide spurious results due to analytical issues such as heterophilic
antibodies."! Finally, there are several differential diagnoses for
MINOCA, which may arise from both coronary and non-coronary
mechanisms as listed in Table 2 and summarized later in this paper.
Certainly, the presence of coronary atherosclerotic obstructions,
does not exclude other non-cardiac causes of troponin rise.

Angiographic criteria

The angiographic criteria for ‘non-obstructive coronary arteries’ de-
tailed in the MINOCA definition utilizes the conventional cut-off of
<50% stenosis, which is consistent with contemporary angiographic
guidelines.'” This conventional threshold is somewhat arbitrary
and there is substantial inter- and intra-observer variability in visual
estimation of angiographic stenosis. Furthermore, the dynamic
pathophysiological nature of an acute coronary syndrome may re-
sult in significant angiographic changes arising from fluctuating cor-
onary vasomotor tone and the unstable coronary plaque (including
a shifting thrombotic mass, plaque haemorrhage, and washout of
plaque contents)."
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Table 2 Potential causes of an elevated troponin

adapted from Agewall et al."

(1) Coronary causes
e Plaque rupture or erosion
Coronary artery spasm
Spontaneous coronary dissection
Acute aortic dissection with coronary extension
Coronary microvascular disorders
Spontaneous coronary thrombosis—thrombophilia disorders
Coronary emboli
e Sympathomimetic agents—cocaine, methamphetamines
(2) Non-coronary causes
(a) Associated with cardiac disorders
e Myocarditis
Takotsubo cardiomyopathy
Cardiomyopathies
Cardiac trauma

L]
°
L]
e Strenuous exercise
e Tachyarrhythmias
o Cardiotoxins—chemotherapeutic agents
(b) Associated with extra-cardiac disorders
e Stroke
e Pulmonary embolism
e Sepsis

e Adult respiratory distress syndrome

e End-stage renal failure

Some authors have restricted consideration to patients with an-
giographically normal coronary arteries with the intention of delin-
eating those patients in whom atherosclerosis does not play a role in
the AMI. Unfortunately, this approach is not feasible since intravas-
cular ultrasound studies have frequently demonstrated significant
atherosclerotic burden in patients with ‘normal coronary angiog-
raphy’." Furthermore, this ‘non-atherosclerotic AMI’ approach is
limited by (i) the infrequent use of intravascular ultrasound and
other intracoronary atherosclerotic imaging methods in routine
clinical practice, (ii) coronary spasm and thrombosis may occur in
the presence/absence of atherosclerosis, and (iii) coronary athero-
sclerosis may be an ‘innocent bystander’ in non-coronary causes of
an elevated troponin (myocarditis and takotsubo cardiomyopathy).
Coronary CT angiography is used more commonly and may be con-
sidered for detection of atherosclerosis when intracoronary imaging
is not performed during the initial diagnostic angiogram. The finding
of angiographically smooth coronary arteries does not preclude an
aetiologic role of thrombotic disease in MINOCA. Further, non-
obstructive atherosclerosis may pre-date development of condi-
tions not believed to be atherosclerotic in aetiology, such as myo-
carditis and takotsubo cardiomyopathy. Coronary artery spasm
may be the underlying cause of Ml in patients with or without ath-
erosclerosis. Therefore, we believe the best approach is to define
MINOCA on the basis of absence of a potentially obstructive sten-
osis on coronary angiography rather than on the presence or ab-
sence of any coronary atherosclerosis. Despite these limitations,
from a future research perspective it is prudent to delineate patients
with mild coronary atheromatosis on angiography from those with
‘normal vessels’ since it may have diagnostic and/or prognostic
implications.

Given the importance of the clinical context in making a diagnosis
of MINOCA and the consideration that it is a ‘working diagnosis’, it
is not appropriate to use this label when a specific clinical diagnosis is
apparent. For example, a young person with a recent viral illness
presenting with positional chest pain, diffuse ST elevation, troponin
elevation, and found to have normal angiography should be diag-
nosed as clinically suspected myocarditis with or without associated
pericarditis according to ESC 2013 Task Force criteria (Table 3)
rather than MINOCA.

Clinical characteristics

Patients with MINOCA are usually younger than those with ob-
structive CAD and have a different sex distribution. While in pa-
tients with obstructive CAD, the incidence of AMI is greater in
young and middle-aged males than females, in MINOCA there is
only a slight male preponderance.”™® This suggests that the factors
underlying MINOCA are different and that sex and/or hormonal in-
fluences may play a role. Myocardial infarction with non-obstructive
coronary arteries may present with or without ST segment eleva-
tion on the ECG regardless of the underlying aetiology. The likeli-
hood of finding non-obstructive CAD is similar between these
two presentations for women, and lower in NSTEMI than STEMI

among men.15

Clinical assessment

As stated above, MINOCA is a working diagnosis and should lead
the treating physician to investigate underlying causes, analogous
to heart failure. This section outlines suggestions for diagnostic test-
ing in order to identify or exclude potential aetiologies discussed in
‘Differential diagnosis’. Left ventriculography or echocardiography
should be performed in the acute setting to assess wall motion.
This will aid the clinician in determining whether takotsubo cardio-
myopathy is a diagnostic consideration.

Cardiac magnetic resonance imaging is the key diagnostic tool to
be employed in MINOCA patients. Late gadolinium enhancement
(LGE), when present, permits localization of the area of myocardial
damage and provides insight into mechanisms. For example, an area
of LGE in the subendocardium suggests an ischaemic cause of injury,
although it does not identify the particular cause of ischaemia (pla-
que disruption, vasospasm, thromboembolism, or dissection), while
a sub-epicardial localization speaks in favour of cardiomyopathy. In
other patients, a non-ischaemic appearance of LGE may suggest a
diagnosis of myocarditis or an infiltrative disorder. Imaging for myo-
cardial oedema and contractile function may also help localize the
area of injury, though with less mechanistic insight.

Intracoronary imaging at the time of cardiac catheterization with
intravascular ultrasound (IVUS) or optical coherence tomography
(OCT) may be useful to identify atherosclerotic plaque disruption
and plaque erosion as well as coronary dissection or thrombosis,
which may not have been appreciated during angiography. Further
research is needed to understand the potential benefit of routine
application of intracoronary imaging at the time of coronary cath-
eterization in patients with MINOCA. Coronary CT angiography
is another possibility to obtain further information regarding
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Table 3 Definition of clinically suspected myocarditis according to the ESC 2013 Myocarditis Task Force®®

Presence of >1 clinical presentation and >1 diagnostic criteria from different categories, in the absence of:

(1) Angiographically detectable CAD (coronary stenosis >50%)

(2) Known pre-existing cardiovascular disease or extra-cardiac causes that could explain the syndrome (e.g. valve disease, congenital heart disease, etc.).

(3) If the patient is asymptomatic >2 diagnostic criteria should be met.

Diagnosis of certainty and aetiologic diagnosis of myocarditis requires EMB (histology, immunobhistology, infectious agents by PCR)

Clinical presentations

Acute coronary syndrome-like, with or without normal global or regional left ventricular (LV) and/or right ventricular (RV) dysfunction on
echocardiography or CMR, with or without increased troponin (Tn)T/Tnl (that may have a time course similar to AMI or a prolonged and sustained

release over several weeks or months).
New onset or worsening unexplained heart failure.
Chronic unexplained heart failure of >3 months duration.

Life-threatening unexplained condition (including life-threatening arrhythmias and aborted sudden death, cardiogenic shock, severely impaired left

ventricular function).
Diagnostic criteria
(1) ECG/Holter/stress test features

newly abnormal 12 lead ECG and/or Holter and/or stress testing, any of the following: | to lll degree atrioventricular block, or bundle branch block,
ST/T wave change, sinus arrest, ventricular tachycardia or fibrillation and asystole, atrial fibrillation, reduced R wave height, intraventricular
conduction delay (widened QRS complex), abnormal Q waves, low voltage, frequent premature beats, and supraventricular tachycardia

(2) Myocardiocytolysis markers
elevated cardiac troponins

(3) Functional and structural abnormalities on cardiac imaging (echo/angio/CMR)

new, otherwise unexplained LV and/or RV structure and function abnormality.

(4) Tissue characterization by CMR

oedema and/or LGE of classical myocarditic pattern (according to Lake-Louise criteria).>’”

underlying atherosclerosis after the acute angiogram but does not
identify plaque rupture or erosion.

We recommend that clinicians consider pulmonary embolism as
a possible cause of myocardial damage and exclude this diagnosis
with D-dimer testing (usually however also elevated in the setting
of AMI) and/or computed tomography (CT) pulmonary angiography
as appropria‘ce.17

However, no pulmonary embolism was found among 100 con-
secutive patients with MINOCA who underwent CT pulmonary
angiography in one series."® Furthermore, it is important to consider
type-2 AMI" causes, in which a condition other than coronary pla-
que instability contributes to an imbalance between myocardial oxy-
gen supply and demand and cause myocardial necrosis, such as
tachyarrhythmia, haemorrhage, sepsis, and hypertensive crisis, as
potential causes of MINOCA.

After considering clinically apparent diagnoses, the most common
causes of MINOCA that the treating clinician must consider are pla-
que rupture or erosion, coronary artery spasm, thromboembolism,
coronary dissection, takotsubo cardiomyopathy, unrecognized myo-
carditis, and other forms of type-2 myocardial infarction.

Actiologic differential diagnosis

Plaque disruption

Atherosclerotic plaque disruption is a frequent cause of MINOCA.
Plaque disruption is comprised within type-1 AMI in the Universal
Definition of Myocardial Infarction, even when no thrombus can
be found." Within the Universal definition document, MINOCA
comprises 5—-20% of all type-1 AMI cases. The term disruption en-
compasses imaging and pathologic findings of plaque rupture,

ulceration, or erosion. Intraplaque haemorrhage may also play a
role. Two independent studies using intravascular ultrasound iden-
tified plaque rupture or ulceration in ~40% of patients with MINO-
CA."”*° Higher resolution intracoronary imaging (e.g. optical
coherence tomography) would likely show an even higher preva-
lence of disrupted plaque but this technique has not been routinely
applied in controlled studies within the MINOCA population. Pla-
que erosion has also been reported in MINOCA and is character-
ized by thrombus superimposed on plaque with an intact fibrous
cap or without a fibrous cap. Calcified nodule with thrombus has
also been suggested as a cause of AMI on intracoronary imaging.'
Based on CT angiography, the plaque burden in MINOCA patients
and healthy controls is similar; however, this technique does not as-
sess for disruption of the plaque. Plaque disruption may occur in
areas of the vessel which appear normal on conventional angiog-
raphy.22 However, some degree of atherosclerosis, even if minimal,
is typically seen on coronary angiography in patients with disrupted
plaques.

Myonecrosis in MINOCA with plaque disruption is mediated by
thrombosis, thromboembolism, superimposed vasospasm, or a
combination of these processes. One theory that has been pro-
posed as an explanation for MINOCA in the presence of verified
myocardial infarction is spontaneous thrombolysis or autolysis of
a coronary thrombosis. Spontaneous thrombolysis is thought to
be an endogenous protective mechanism against thrombus forma-
tion even in the presence of a ruptured coronary plaque.” Indeed,
CMR imaging may show large areas of myocardial oedema with or
without small areas of necrosis among patients with MINOCA and
plaque disruption, suggesting that flow was compromised transient-
ly in a larger vessel." The theory that spontaneous coronary
thrombolysis rather than vasospasm leads to this appearance can
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Table 4 Diagnostic work-up cardiac thromboembolism

Patient history

Atrial fibrillation, cardiomyopathy, prosthetic valve, prothrombotic risk factors, (cardiac) tumour, valvular heart disease, recent

endocarditis, recent TVT or pulmonary embolism, concomitant stroke, or systemic embolism

Signs Fever, signs of systemic thromboembolism

Laboratory analysis
vitamin K antagonists), and blood cultures

Echocardiography

Inflammatory markers, factor V Leiden, protein C, protein S, lupus anticoagulant, anti-cardiolipin antibodies, INR (in patients on

Left ventricular function and ventricular thrombus, myxoma and papillary fibroelastoma and other cardiac tumours, assessment of

atrial shunt, valvular heart disease with particular focus on signs of endocarditis, calcified valves, mobile plaques in ascending
aorta, right-to-left shunt (microbubbles) to look for patent foramen ovale; consider transoesophageal echocardiography to look

for patent foramen ovale

Coronary
angiography

Non-occluded coronary arteries or distal stops, intervention-related air emboli. Intravascular ultrasound or OCT may be useful to
identify atherosclerotic plaque disruption and plaque erosion as well as coronary dissection or thrombosis, which may not have

been appreciated during angiography, in particular in patients with signs of atherosclerosis

neither be dismissed nor proved, and both may play a role. In other
cases of MINOCA with plaque disruption, CMR imaging shows a
smaller, well-defined area of LGE, subtended by a smaller vessel,
suggesting that embolization of atherothrombotic debris from the
disruption site is the most likely mechanism of myonecrosis.”

Thrombosis and/or thromboembolism almost certainly play a
major role in pathogenesis of MINOCA with plaque disruption.
Therefore, dual antiplatelet therapy is recommended for 1 year fol-
lowed by lifetime single antiplatelet therapy for patients with sus-
pected or confirmed plaque disruption and MINOCA.? Because
disruption occurs on a background of non-obstructive CAD, statin
therapy is also recommended even if only a minor degree of athero-
sclerosis is found.

The prognosis of patients with plaque disruption as the cause of
MINOCA has not been investigated in comparison with other sub-
types of MINOCA. However, the finding of plaque rupture on OCT
was associated with major adverse cardiac events in a cohort of pa-
tients undergoing OCT for acute coronary syndrome.'® Overall, the
risk of recurrent myocardial infarction or death in MINOCA pa-

tients is ~2% up to 12 months.**~%°

Coronary artery spasm

Coronary artery spasm may potentially contribute to the pathogen-
esis of AMI in patients with obstructive CAD and particularly war-
rants close consideration in those with MINOCA. It reflects a
vascular smooth muscle hyper-reactivity to endogenous vasospastic
substances (as in vasospastic angina) but may also occur in the con-
text of exogenous vasospastic agents (e.g. cocaine or metampheta-
mines).>® Provocative spasm testing has demonstrated inducible
spasm in 27% of patients with MINOCA suggesting that it is a com-
mon and an important pathogenetic mechanism in MINOCA 3’
Considering that nitrates and especially calcium channel blockers
are effective therapies for coronary artery spasm, with the latter
shown to prevent cardiac events in vasospastic angina, this diagnosis
and treatment needs to be carefully contemplated.®*33

Myocardial infarction with non-obstructive coronary arteries may
be the de novo presentation for patients with vasospastic angina, or
an interim event in those with the chronic established form of the
disorder. Clinical features of vasospastic angina that may allude to
the diagnosis in patients with MINOCA include recurrent episodes
of rest angina that promptly respond to short-acting nitrates,

especially if associated with transient ischaemic ECG changes and
demonstrating a circadian pattern (typically as nocturnal angina).
Thus, a diagnosis of vasospastic angina can be made if spontaneous
episodes of rest angina are associated with ST-segment changes that
respond promptly to short-acting nitrates. However, spontaneous
episodes are infrequently documented therefore requiring provoca-
tive spasm testing to be undertaken if the diagnosis is to be pursued.
This has been safely performed by experienced clinical researchers
in selected patients with a recent AMI;34 however, the procedure
should generally be avoided in the acute phase of AMI. Micro-
vascular spasm is also a potential cause of MINOCA since elevated
troponins have been detected via ultrasensitive assays following
provocative spasm testing, despite the absence of inducible large
vessel spasm.>® More research is required into the general safety
and prognostic value of provocative spasm testing in MINOCA.

Coronary thromboembolism

Thrombosis may be a contributory mechanism to AMlin the setting
of plaque disruption or coronary artery spasm, or may be the cause
of Ml in the absence of these factors. Coronary thrombosis may
arise from hereditary or acquired thrombotic disorders and coron-
ary emboli may occur from coronary or systemic arterial thrombi.
Hereditary thrombophilia disorders include Factor V Leiden throm-
bophilia, Protein S and C deficiencies. Thrombophilia screening
studies in patients with MINOCA have reported a 14% prevalence
of these inherited disorders.>’ Acquired thrombophilia disorders
should also be considered such as the antiphospholipid syndrome
and myeloproliferative disorders, although these have not been sys-
tematically investigated in MINOCA.

Coronary emboli may occur in the context of the above throm-
bophilia disorders or other predisposing hypercoagulable states
such as atrial fibrillation and valvular heart disease. Emboli may arise
from non-thrombotic sources also including valvular vegetations,
cardiac tumours (e.g. myxoma and papillary fibroelastoma), calcified
valves, and iatrogenic air emboli.

The clinical assessment of coronary thromboembolic disorders,
including paradoxical embolism, as a potential cause of MINOCA
is summarized in Table 4. Although the prevalence of coronary
thromboembolism in MINOCA is thought to be low, this in part
may be due to inadequate screening. For example, pruned small cor-
onary vessels obstructed with thrombi or emboli may be missed on
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angiography. Aortic valve disease (ectatic calcification, vegetation,
or papillary fibroelastoma) may not be noted and thrombophilia dis-
orders may not even be assessed. The importance of identifying
these potential causes is the availability of targeted therapies, al-
though their use in the context of MINOCA is limited.

Coronary dissection

Spontaneous coronary dissection typically causes an AMI via luminal
obstruction, although this may not always be apparent on coronary
angiography, prompting a diagnosis of MINOCA.*® Intramural
haematoma of the coronary arteries without intimal tear presents
similarly.39 Intracoronary imaging is pivotal in making this diagnosis.‘m
The condition is more common among women. The reasons for the
occurrence of coronary dissection are still unclear but fibromuscular
dysplasia is present in other vascular beds in the majority of cases
when screening is performed.*’ Changes in the intima-media com-
position due to hormones, pregnancy, and delivery have also been im-
plicated. Most dissections occur in the absence of atherosclerotic
disease and in these cases, statin therapy is not recommended.*”> A
conservative management approach is advocated because coronary
intervention and stenting tend to cause propagation of the dissection
and outcomes are acceptable with medical management.*?

Takotsubo cardiomyopathy

Takotsubo c:ardiomyopathy44 often presents as an acute coronary
syndrome with ST segment changes.*>*¢ The transient nature of
left ventricular dysfunction has puzzled physicians worldwide.*’
Clinical presentation is characterized by acute, reversible heart
failure associated with myocardial stunning, in the absence of occlu-
sive CAD.*® The prognosis is generally good although several stud-
ies have demonstrated significant complications in the acute

phase 52

and more studies with long-term follow-up are required.
The revised Mayo clinic diagnostic criteria include: (1) Transient hy-
pokinesis, akinesis, or dyskinesis of the left ventricular mid segments
with or without apical involvement; the regional wall motion abnor-
malities extend beyond a single epicardial vascular distribution; a
stressful trigger is often, but not always present. (2) The absence
of obstructive CAD or angiographic evidence of acute plaque rup-
ture (though it is recognized that obstructive CAD may pre-date the
Takotsubo event in some cases). (3) New electrocardiographic ab-
normalities (either ST-segment elevation and/or T-wave inversion)
or modest elevation in cardiac troponin. (4) The absence of pheo-
chromocytoma and myocarditis.*®*’ Distinguishing takotsubo car-
diomyopathy from acute myocarditis and AMI due to occlusive
CAD may be challenging. Troponin elevations are relatively lower
in takotsubo cardiomyopathy, compared with AMI. Takotsubo car-
diomyopathy usually, but not exclusively, affects postmenopausal
women. Some patients present late and may no longer have the typ-
ical left ventricular function pattern. Milder forms also likely exist.
Cardiac magnetic resonance imaging performed early after admis-
sion to hospital will in many cases help to establish the diagnosis
based on a typical pattern of oedema, emphasizing the importance
of performing CMR in MINOCA.

The pathophysiological mechanisms responsible for takotsubo
cardiomyopathy are complex and may vary between patients. These

47,48,53,54

mechanisms have been discussed in recent reviews, sothata

detailed analysis of these is beyond the scope of this position paper.

Furthermore, despite the rapid growth of the medical literature in this
area over the past two decades, no randomized trials exist to define
the optimal management of these patients. Empiric therapeutic strat-
egies may include the avoidance of sympathomimetic agents, the use
of cardio-selective B-blockers in those with left ventricular outflow
tract obstruction, ACE inhibitors in those with persistent left ven-
tricular dysfunction, mechanical support in those with cardiogenic
shock, and consideration of short-term anti-thrombotic medications
given potential prothrombotic mechanisms. However, it must be re-
cognized that the distinction between takotsubo cardiomyopathy and
other forms of MINOCA may be challenging in some cases.

Myocarditis

Since clinical presentation is polymorphic, the 2013 ESC Task Force
has introduced rigorous criteria for clinically suspected myocardi-
tis®® that are outlined in Table 3. Certain diagnosis of myocarditis
and of its specific aetiopathogenetic forms can only be achieved
by endomyocardial biopsy (EMB).>

This condition has a variable presentation including an acute cor-
onary syndrome-like presentation in the presence/absence of ven-
tricular dysfunction and without obstructive CAD (Table 3). In
patients with a classical myocarditis presentation, the specific diag-
nosis of myocarditis should be made before or at coronary angiog-
raphy, but in many cases the diagnosis will not be clinically apparent
and the working diagnosis of MINOCA should be made until specific
testing is performed.

The prevalence of myocarditis among patients with a clinical diag-
nosis of MINOCA varies based on the populations studied, with a
prevalence of 33% in a recent meta-analysis.”> The most common
cause of biopsy-proven myocarditis is viral infection, confirmed
with polymerase chain reaction (PCR) assay of the pathogen
DNA/RNA on EMB. Other causes of myocarditis are immune-
mediated diseases, endocrine diseases, drugs, and toxins. 3668
Autoimmune myocarditis may occur with exclusive cardiac involve-
ment or in the context of systemic autoimmune disorders, e.g. sys-
temic lupus erythematosus and is infection-negative by PCR on
EMB 365960

The initial investigation of suspected myocarditis should include
CMR imaging. Although this non-invasive investigation compares fa-
B,36566162 o1y

EMB provides the opportunity of identifying the underlying cause

vourably with the gold-standard technique of EM

for the myocarditis. Lurz et al.®® reported that CMR imaging detected
79% of EMB-confirmed myocarditis. Also, in the new ESC guidelines
on Pericardial disease CMR is recommended for the confirmation of
myocardial involvement (myocarditis) as a Class | recommendation.®*

The importance of diagnosing myocarditis in patients with MIN-
OCA relates to its prognosis and treatment. Although myocarditis
resolves over a 2—4 weeks period in 50% of patients, 12—25% may
acutely deteriorate and either sucumb to fulminant heart failure or
progress onto end-stage dilated cardiomyopathy requiring heart
transplantation.>® Giant cell myocarditis is particularly associated
with a poor prognosis.%”57 Thus patients with myocarditis may re-
quire intravenous inotropic agents and/or mechanical circulatory
support as a bridge to recovery or transplantation, and do not re-
quire anti-ischaemic therapies utilized in other causes of MINOCA.
The diagnosis of biopsy-proven infection-negative myocarditis is the
basis for safe immunosuppression, that is indicated in specific
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autoimmune forms, such as in giant cell myocarditis, which is asso-
ciated with a poor prognosis,%‘57 cardiac sarcoidosis, eosinophilic
myocarditis, as well as in lymphocitic forms refractory to standard
therapy.®® EMB also provides differential diagnosis with other causes
of MINOCA, including takotsubo cardiomyopathy.

Other forms of type-2 acute myocardial
infarction

Type 2 AMlis defined as myocardial cell necrosis due to supply —de-
mand mismatch, characterized by significant increase and/or de-
crease in troponins with at least one value above the 99th
percentile of a normal reference population in the absence of evi-
dence for coronary plaque rupture in addition to at least one of
the other criteria for AMI." Major determinants of myocardial oxy-
gen demand include systolic wall tension, contractility, and heart
rate, while myocardial oxygen supply is conveyed by coronary blood
flow and oxygen content. Conditions underlying type-2 AMl include
anaemia, tachy- brady-arrhythmia, respiratory failure, hypotension,
shock, severe hypertension with or without left ventricular hyper-
trophy, severe aortic valve disease, heart failure, cardiomyopathy,
and injurious effects of toxins (e.g. sepsis) and pharmacological
agents (e.g. catecholamines).®® Importantly, all these conditions
may also unmask underlying obstructive CAD. Among patients
with non-obstructive CAD, a profound supply—demand mismatch
should be present to consider type-2 AMI. Therapeutically, the con-
dition underlying the oxygen supply—demand mismatch is to be re-
versed if possible. Furthermore, aspirin and 3-blockers may be
useful.®® There are at present no clinical trials addressing the treat-
ment of type-2 AMI available and the patient population is very het-
erogeneous. Electrocardiogram findings in type-2 AMI have been
found to be compatible with NSTEMI in 97% of the cases.®” Appli-
cation of specific secondary prevention measures must be consid-
ered in the context of the specific insult. For example, potent anti-
thrombotic treatment of type-2 AMI would not be recommended
when the precipitating cause of supply—demand mismatch is haem-
orrhage and a bleeding source has not yet been addressed.

Myocardial infarction with
non-obstructive coronary arteries

of uncertain aetiology

Cardiac magnetic resonance imaging criteria

Cardiac magnetic resonance imaging is a useful tool in MINOCA pa-
tients because it not only provides insights into potential causes but
may also provide confirmation of the diagnosis of AMI. In particular,
the presence and pattern of any LGE may point towards a vascular
or non-vascular cause. However, 8—67% of patients with MINOCA
have no evidence of LGE, myocardial oedema, or wall motion ab-
normalities on CMR."®1%8~7 The MINOCA subgroup with nor-
mal CMR raises the question whether the raised troponin was a
marker of myocardial injury or perhaps related to an alternate diag-
nosis. Late gadolinium enhancement on CMR imaging is able to de-
tect as little as 1g of infarcted myocardium with current
techniques.”® Thus some patients with normal CMR may have too
little myonecrosis to be detected. Alternatively, the normal CMR
appearance may be the result of a broader spatial distribution of
myonecrosis. That is, necrotic myocytes may be distributed over a

larger area with no contiguous island of cell death of sufficient size to
be detected by LGE imaging. Patients with normal CMR imaging do
tend to have lower peak troponin values, though peak troponin
>100 times the upper limit of normal may be observed in the ab-
sence of LGE.”>7° Myocardial oedema imaging also provides evi-
dence of myocardial injury but is absent in patients with MINOCA
and normal CMR. In the initial CMR studies, this may have occurred
because the T2 imaging was undertaken late in the clinical course or
the CMR sequences utilized were insensitive.>> With the evolution
of CMR techniques for imaging of myocardial oedema®’ and its rou-
tine performance in patients with MINOCA, further insights may be
obtained in the future.

When CMR is normal and diagnostic evaluation as recommended
herein does not reveal the mechanism of AMI, there is a diagnostic
and therapeutic dilemma for clinicians. Unfortunately, there are no
systematic investigations addressing this issue. From first principles,
vasospastic angina, coronary plaque disruption, or thromboembol-
ism may all potentially cause MINOCA with normal CMR imaging. In
a series of patients with MINOCA who underwent both CMR and
IVUS imaging, a subset of those with plaque disruption had a normal
CMR (~25%)."° If intracoronary imaging had not been performed
during cardiac catheterization, this diagnosis would have been
missed. Furthermore, MINOCA studies undertaking provocative
spasm testing or assessing microvascular dysfunction have not rou-
tinely performed before CMR. However, epicardial coronary artery
spasm may produce transient transmural myocardial ischaemia that
is associated with a small troponin rise.>* An alternative consider-
ation is that the troponin rise is not indicative of AMI and
is instead due to other causes such as pulmonary embolism or myo-
carditis. These alternate causes should be reconsidered when CMR
is normal.

In the absence of systematic evaluation of underlying
mechanisms and clinical characteristics, any treatment recom-
mendations remain empiric. We propose aspirin, statins and, in
cases of vasospasm, calcium channel blockers as routine treat-
ments since these would be of benefit for the potential underlying
mechanisms of coronary plaque disruption, coronary spasm, and
thromboembolism.

Knowledge gaps

We have highlighted that MINOCA is a heterogeneous entity with
many potential aetiologies that need to be elucidated by an accurate
and stringent commonly agreed diagnostic algorithm (Figure 1).
Once such a diagnostic algorithm is widely accepted, a meticulous
data collection into a large-scale register will be useful to provide
a reliable estimate of the true prevalence and prognostic relevance
of MINOCA. Furthermore, clinicians need to know whether and
how treatment strategies translate into an improvement of cardio-
vascular end-points. The relatively low event rate in MINOCA
means that the sample size in designing a clinical trial with hard end-
points will necessarily be large and only accruable through a large
cooperative effort. On the other hand, the identification of the study
population needs to be extremely rigorous, as any drug or treat-
ment that would be proved effective in the treatment of patients
with a selective dysfunction (e.g. vasospasm) will not necessarily
be effective in other subgroups (e.g. thromboembolism). In addition
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MINOCA

(Universal AMI Criteria + no angiographic stenosis 250% + no overt causes at presentation)

Invasive investigations
= Review for subtle ‘missed” angiography findings (dissection, emboli or plaque disruption)
* Intracoronary nitrates (coronary spasm)

Laboratory assays
Consider:

« Type-2 Ml (Hb, CRP, WBC, SO2)
* D-dimer (pulmonary embolism)
* Thrombophilia screen

* BNP

Consider:

* LV Gram or echocardiography (Takotsubo/other cardiomyopathies*)

* IVUS/OCT (plaque rupture/erosion, dissection**)

* Pressure/Doppler Wire (microvascular dysfunction)

* Provocative spasm testing (coronary spasm; preferably not in the acute phase of AMI**¥)

¥ ¥

MINOCA aetiologic diagnosis confirmed Diagnosis not confirmed

Type-2 MI
Plague disruption ‘ ‘

Dissection

Takotsubo cardiac MRI TEE
Epicardial or microvascular spasm * LGE (myocarditis****) * Cardioembolism
Coronary thromboembolism * AMI

Figure | Recommended diagnostic and therapeutic algorithm for myocardial infarction with non-obstructive coronary arteries. * Takotsubo
cardiomyopathy cannot be diagnosed with certainty in the acute phase as the definition requires follow-up imaging to document recovery of left
ventricular function. In the authors’ experience, some patients with apparent takotsubo have unrecognized ischaemic injury or myocarditis. We
therefore recommend CMR when takotsubo cardiomyopathy is suspected. ** Plaque disruption (rupture, or erosion) should be suspected and
intracoronary imaging considered whenever an alternate aetiology of the clinical presentation such as myocarditis or vasospasm has not been
clearly identified, particularly among those patients with evidence of atherosclerosis on the coronary angiogram. Intravascular ultrasound and in-
tracoronary optical coherence tomography frequently show more atherosclerotic plaque than may be appreciated on angiography. They also
increase sensitivity for dissection. If intracoronary imaging is to be performed, it is appropriate to carry out this imaging at the time of the acute
cardiac catheterization, after diagnostic angiography. Patients should be made aware of the additional information the test can provide and the
small increase in risk associated with intracoronary imaging. *** Provocative testing for coronary artery spasm has been safely performed by ex-
perienced clinical researchers in selected patients with a recent acute myocardial infarction.* However, death cases have been reported (Per
Tornvall Tornberg, personal communication) and this should not be a standard procedure among the patients, particularly in the acute phase.
*#xk Clinically suspected myocarditis (no angiographic stenosis > 50% plus non-ischaemic pattern on cardiac magnetic resonance imaging) by
ESC Task Force criteria.>® Diagnosis of certainty and aetiological diagnosis of myocarditis requires EMB (histology, immunohistology, infectious
agents by PCR). AMI, acute myocardial infarction; BNP, B-type natriuretic peptide; CRP, C-reactive protein; Hb, hemoglobin; IVUS, intravascular
ultrasound; LGE, late gadolinium enhancement; LV, left ventricle; MRI, magnetic resonance imaging; OCT, optical coherence tomography; SO2,
Oxygen saturation; WBC, white blood cell count.

to the cardiovascular end-points, the impact of MINOCA on health
status needs to be evaluated, such as persistent angina symptoms,
impairment in quality of life, and depression. Intermediate end-
points might be considered in the design of clinical trials, but the se-
lection of such an intermediate endpoint is difficult. These multiple
knowledge gaps in this evolving area of clinical research will no
doubt provide important challenges for the years to come.

Summary

Myocardial infarction with non-obstructive coronary arteries is a
heterogeneous entity with a prevalence of 1-13% of all patients

with a clinical diagnosis of AMI. There are several potential aetiolo-
gies that should be elucidated by a commonly agreed diagnostic al-
gorithm, proposed herein. Rational treatment follows from an
aetiologic diagnosis, since therapy that may be appropriate for
one cause (e.g. anticoagulation for thromboembolism or calcium
channel blockers for vasospasm) will not be appropriate for all MIN-
OCA patients. In MINOCA patients without an obvious aetiology
after initial evaluation including echocardiography, we recommend
a routine examination with CMR imaging. Multi-centre clinical trials
of diagnostic and therapeutic strategies are needed. These results
will have great impact on both treatment and prognosis of these
patients.
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