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Abstract
Acute coronary syndromes constitute a variety of myocardial injury
presentations that include a subset of patients presenting with myocardial
infarction with non-obstructive coronary arteries (MINOCA). This acute coronary
syndrome differs from type 1 myocardial infarction (MI) regarding patient
characteristics, presentation, physiopathology, management, treatment, and
prognosis. Two-thirds of MINOCA subjects present ST-segment elevation;
MINOCA patients are younger, are more often female and tend to have fewer
cardiovascular risk factors. Moreover, MINOCA is a working diagnosis, and
defining the aetiologic mechanism is relevant because it affects patient care and
prognosis. In the absence of relevant coronary artery disease, myocardial
ischaemia might be triggered by an acute event in epicardial coronary arteries,
coronary microcirculation, or both. Epicardial causes of MINOCA include
coronary plaque disruption, coronary dissection, and coronary spasm.
Microvascular MINOCA mechanisms involve microvascular coronary spasm,
takotsubo syndrome (TTS), myocarditis, and coronary thromboembolism.
Coronary angiography with non-significant coronary stenosis and left
ventriculography are first-line tests in the differential study of MINOCA patients.
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The diagnostic arsenal includes invasive and non-invasive techniques. Medical
history and echocardiography can help indicate vasospasm or thrombosis, if one
finite coronary territory is affected, or specify TTS if apical ballooning is present.
Intravascular ultrasound, optical coherence tomography, and provocative testing
are encouraged. Cardiac magnetic resonance is a cornerstone in myocarditis
diagnosis. MINOCA is not a benign diagnosis, and its polymorphic forms differ
in prognosis. MINOCA care varies across centres, and future multi-centre clinical
trials with standardized criteria may have a positive impact on defining optimal
cardiovascular care for MINOCA patients.

Key words: Myocardial infarction; Non-obstructive coronary; Myocardial infarction with
non-obstructive coronary arteries; Management; Prognosis
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Core tip: Myocardial infarction with non-obstructive coronary arteries (MINOCA) differs
from type 1 myocardial infarction regarding patient characteristics, presentation,
physiopathology, management, treatment, and prognosis. In the absence of relevant
coronary artery disease, myocardial ischaemia might be triggered by an acute event in
epicardial coronary arteries, coronary microcirculation, or both. Epicardial causes of
MINOCA include coronary plaque disruption, coronary dissection, and coronary spasm.
Diagnostic strategies include invasive and non-invasive techniques recently embracing
intravascular ultrasound and cardiac magnetic resonance. MINOCA is not a benign
diagnosis, and its polymorphic forms differ in prognosis.
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INTRODUCTION
Remarkable progress in medicine regarding the pathogenesis of heart disease has
produced  lifesaving  and  life-extending  therapies  impacting  ischaemic  patients
worldwide. The definition of angina pectoris is over two hundred years old, but the
controversy about the aetiologic role of coronary arteries has never ceased to hold
interest. Acute myocardial infarction (MI) without significant coronary artery disease
(CAD) was initially described almost 80 years ago by Gross and Sternberg, whereas
the term myocardial infarction with non-obstructive coronary arteries (MINOCA) is
recent[1,2].

The diagnosis of an acute coronary syndrome should be established according to
the  fourth  universal  definition  of  MI,  which  is  when  there  is  evidence  of  acute
myocardial  injury  accompanied  by  clinical  data  suggesting  acute  myocardial
ischaemia  such  as  relevant  symptoms,  new ischaemic  electrocardiogram (ECG)
changes, loss of viable myocardium present in imaging, or identification of coronary
thrombus. Several diverse definitions of MI have been used, leading to unbalanced
criteria and confusion. Thus, a general universal definition of MI was agreed upon for
the first time over 50 years ago with the collaboration of multiple groups that were
initially  created  for  epidemiological  reasons.  With  the  discovery  of  cardiac
biomarkers,  the diagnosis  of  MI has  been simplified,  but  because an increase in
cardiac biomarkers is an entity by itself, it is not pathognomonic of an acute coronary
syndrome in isolation. Elevation of cardiac biomarkers, such as cardiac troponin I and
T,  represents  injury  to  myocardial  cells,  but  such  increases  do  not  reflect  the
underlying  pathophysiology  because  they  can  arise  in  a  variety  of  situations,
including normal hearts. This variability highlights the need for a global uniform
definition of MI and myocardial injury[3-5].

There are multiple classifications of MI. Classically, for discrimination of immediate
or delayed treatment strategies, patients who develop new ST-segment elevation in
two contiguous leads or new bundle branch block with ischaemic alterations are
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designated  ST-elevation  myocardial  infarction  (STEMI)  patients,  whereas  the
subgroup  without  ST-segment  elevation  is  diagnosed  as  non-ST  elevation  MI
(NSTEMI).  In  addition  to  those  two  categories,  MI  can  be  classified  patho-
physiologically[4,5]. Evidence of an imbalance between myocardial oxygen supply and
demand unrelated to acute atherothrombosis corresponds to type 2 MI; by definition,
acute atherothrombotic plaque rupture excludes type 2 MI. Type 1 MI and MINOCA
are two separate entities with different underlying mechanisms, management, and
prognosis[5,6].

MINOCA is  diagnosed in  a  patient  with  features  of  MI  with  non-obstructive
coronary arteries on angiography, is defined as no coronary artery stenosis ≥ 50% in
any potential infarct-related artery and is characterized by the absence of a clinically
specific cause of the acute presentation. Clinical criteria and biomarker behaviour of
MINOCA remain similar to other acute coronary events[3,6].

PREVALENCE AND CLINICAL FEATURES
MINOCA is not an uncommon presentation of acute coronary syndromes. Large MI
registries  reflect  the  universal  nature  of  MINOCA with  the  prevalence  ranging
between  5%  and  25%  in  different  series,  with  11%  in  a  recent  prospective
observational study[7-9]. Throughout the years, MINOCA has remained prevalent with
an increasing incidence, as was observed in a Spanish registry[10]. MINOCA patient
characteristics differ from those of other Myocardial Infarction and Coronary Artery
Disease (MI-CAD) patients because MINOCA subjects are younger, are more often
female, and tend to have fewer traditional cardiovascular risk factors. In the VIRGO
study, women had 5-fold higher odds of presenting with MINOCA than men; non-
white patients also had increased rates of MINOCA than white patients. Pasupathy et
al[11]  reported  that  MINOCA  patients  were  less  likely  to  have  hyperlipidaemia,
whereas  a  similar  distribution  was  observed  regarding  hypertension,  diabetes
mellitus,  smoking,  and  family  history  of  premature  coronary  disease.  Ele-
ctrocardiographic patterns also differ, generally presenting as STEMI or NSTEMI,
with two-thirds of patients having the latter. It has also been suggested that hormonal
changes,  such as  the  time of  menarche  and menopause,  may also  play a  role  in
MINOCA.

CLASSIFICATION ACCORDING TO PATHOPHYSIOLOGY
In the absence of relevant CAD, myocardial ischaemia may be triggered by a disorder
of epicardial coronary arteries and/or malfunction in the coronary microcirculation
(Table 1). Both have multiple presentations[7,8].

Epicardial causes of MINOCA
Coronary plaque disruption: Many atherosclerotic plaques are positively remodelled,
expand outward,  and have a lipid-rich body and thin fibrous cap,  making them
vulnerable to rupture. The transient and partial thrombosis in this type of plaque
causes distal thrombus embolization, with possible superimposed vasospasm, and
might be responsible for MINOCA; this mechanism resembles type 1 MI. MINOCA
represents 5%-20% of all type 1 MI. Since coronary angiography cannot evaluate the
vascular lumen, intracoronary imaging modalities such as intravascular ultrasound
(IVUS)  might  play  a  determinant  role  in  evaluating the  lesion.  Ouldzein  et  al[12]

performed IVUS in MINOCA patients to evaluate the morphological and quantitative
characteristics of the culprit lesion and subsequently classified subjects according to
the presence or absence of plaque rupture; the frequency of ruptured plaques in MI
patients was estimated to be between 20% and 40%, and patients with plaque rupture
had increased plaque burden, plaque volume and positive arterial remodelling.

Coronary dissection: Coronary dissection without visible luminal obstruction and
coronary artery intramural haematomas constitute 25% of MI in women younger than
50 years of age. IVUS is a cornerstone in the assessment of coronary dissection. The
physiology of this entity is unclear; however, fibromuscular dysplasia is thought to be
related. This presentation has a high rate of recurrence[8,13].

Coronary artery spasm: Coronary artery spasm (CAS) represents between 3% and
95% of MINOCA cases depending on the registry. Positive provocative tests with
intracoronary, adenosine or ergonovine portend a worse prognosis. The diagnosis
does not require confirmation of epicardial coronary spasm, and these tests should
only  be  performed  by  experienced  teams  because  they  have  a  potential  risk  of
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Table 1  Myocardial infarction with non-obstructive coronary arteries classification, management overview, prevalence and suggested
therapy

Mechanism Diagnosis Prevalence in coronary
syndromes Therapy

Epicardial causes

Coronary artery disease IVUS/OCT, FFR/iFR 5%-20% of MI Antiplatelet therapy, statins,
ACEi/ARB, beta-blockers

Coronary dissection IVUS/OCT 25% of MI in women under 50 yr of
age

Beta-blocker and simple antiplatelet
therapy

Coronary artery spasm Intracoronary nitrates, intracoronary
Ach or ergonovine test by
experienced teams

3%–95% of MI depending on the
registry

Calcium antagonists, nitrates

Microvascular causes

Microvascular coronary spasm Objective evidence of ischaemia
(ECG, LV wall motion abnormalities,
PET). Impaired microvascular
function (CFR, intracoronary Ach
test, abnormal CMR, slow coronary
flow)

As high as 25% depending on the
registry

Beta-blockers and nitrates, calcium
antagonist, possibly ranolazine

Takotsubo syndrome Ventriculography, echocardiography,
troponin, B-natriuretic peptide, CMR

1%-3% of general STEMI, 5%-6%
women with STEMI, concomitant
CAD 10%-29%

Heart failure treatment, mechanical
support in cardiogenic shock

Myocarditis CMR, EMB, viral serologies, high c-
reactive protein

33% of MINOCA when determined
by CMR

Heart failure treatment if
complication, autoimmune therapy in
autoimmune forms

Coronary embolism History of potential thromboembolic
sources, thrombophilia screen, TTE,
TOE, bubble contrast echography

2.9% MI Antiplatelet therapy, anticoagulation,
transcatheter closure or surgical
repair

MINOCA: Myocardial infarction with non-obstructive coronary arteries; MI: Myocardial infarction; CAD: Coronary artery disease; IVUS: Intravascular
ultrasound; OCT: Optical coherence tomography; CMR: Cardiac magnetic resonance; STEMI: ST segment elevation myocardial infarction; PET: Positron
emission tomography; FFR: Fractional flow reserve; ECG: Electrocardiogram; iFR: Instantaneous wave-free ratio; EMB: Endomyocardial biopsies; ACEi:
Angiotensin-converting-enzyme inhibitors.

arrhythmic  complications.  Positive  testing  has  been  associated  with  a  higher
occurrence of death from any cause and cardiac death during follow up, a higher rate
of MI readmission and inferior control of angina symptoms; epicardial spasm also
showed worse clinical outcomes than microvascular spasm[14].

Microvascular causes of MINOCA
Microvascular coronary spasm: Microcoronary microvascular spasm, also referred to
as Syndrome X, can occur in up to 25% of MINOCA patients in some registries and is
the cause of persistent angina in up to 36% MINOCA subjects. Catecholamines and
endothelin  exert  transient  vasoconstrictive  effects  primarily  in  the  coronary
microvasculature, reducing microvascular blood flow in a transient manner. Objective
documentation of  myocardial  ischaemia should be sought.  The presence of  four
clinical  criteria  for  microvascular  angina  accomplished  a  definitive  diagnosis:
Symptoms of myocardial ischaemia, the absence of obstructive CAD [< 50% diameter
reduction in fractional flow reserve (FFR) > 0.80], objective evidence of ischaemia
(ECG ischaemic changes, wall motion or perfusion abnormalities), and evidence of
impaired coronary microvascular function. This last parameter includes having a
coronary  flow  reserve  ≤  2-2.5,  coronary  microvascular  spasm  (reproduction  of
symptoms, ischaemic ECG shifts) without epicardial spasm in acetylcholine testing,
abnormal  coronary  microvascular  resistance  indices,  or  coronary  slow  flow
phenomenon.  Diagnostic  techniques for  the evaluation of  microvascular  disease
include invasive and non-invasive measures. Positron emission tomography (PET) is
the most accurate non-invasive outlook of  coronary vasomotor function;  cardiac
magnetic  resonance  (CMR)  can  also  be  applied,  although  post-processing  is
technically challenging. Invasive techniques include invasive coronary flow reserve,
more recent FFR, and instantaneous wave-free ratio with certain limitations[15]. Plaque
burden can be present  or  absent  in  MINOCA patients,  and a broad spectrum of
subtypes have been described, but these usually overlap. The guarded prognosis of
these patients justifies an invasive approach[16].

Takotsubo syndrome: This stress cardiomyopathy represents 1%-3% of all STEMI,
with  5%-6%  prevalence  in  female  subgroups,  and  is  characterized  by  apical
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ballooning of the left ventricle in the absence of occlusive CAD; although concomitant
CAD is described in 10%-29% of Takotsubo syndrome (TTS) cases. The proposed
Mayo clinical criteria include transient left ventricle mid-segment wall hypokinesis,
akinesis  or  dyskinesis  that  extends  beyond  one  vascular  territory,  absence  of
significant CAD, new electrocardiographic changes or modest elevation in cardiac
biomarkers, and exclusion of pheochromocytoma or myocarditis[17,18]. The more recent
international TTS diagnostic criteria (interTAK Diagnostic Criteria) vary from the
Mayo criteria by recognizing pheochromocytoma as a secondary cause of TTS by
stating that the presence of CAD should not be an exclusion and that cases with wall
motion abnormalities restricted to one vascular territory should not be excluded
(Table 2 and 3)[19]. The causes and aetiologic mechanisms of TTS are complex and still
in  debate,  but  reversible  coronary  microvascular  vasoconstriction  is  a  common
mechanism  in  apical  ballooning[20].  Diagnostic  tools  in  TTS  diagnosis  include
ventriculography, transthoracic echocardiogram with adenosine and CMR. In the
absence of significant CAD, ballooning ventriculography allows a diagnosis. Contrast
echocardiography  with  adenosine  may  prove  microvascular  constriction.  CMR
provides additional findings suggesting takotsubo; the hyperintense signal on T2
sequences,  diffuse  or  transmural  oedema,  dysfunctional  ventricular  contraction
matching the TTS typical ballooning, and alterations not restricted to a particular
vascular territory in the absence of myocardial necrosis[8,21]. Strain echocardiography
and F-18 fluorodeoxyglucose positron emission have shown promising results in the
diagnosis of TTS and may play a role in the future[22].

Myocarditis: This polymorphic inflammatory disease can mimic many conditions and
can  have  a  prevalence  of  approximately  33%  among  MINOCA  patients  when
determined by CMR imaging[24]. Young patients and high C-reactive protein findings
were associated with myocarditis, while male sex, previously treated hyperlipidaemia
and high troponin ratio were correlated with type 1 MI. Myocarditis also accounts for
5%-12%  of  young  athlete  sudden  cardiovascular  death[25].  The  most  common
pathogens  identified  in  patients  are  human  herpesvirus  6  and  parvovirus  B19.
Diagnosis of myocarditis is challenging; thus, given the poor yield of endomyocardial
biopsies (EMB) and viral serologies, standard criteria such as the European Society of
Cardiology 2013 Myocarditis Task Force criteria were established (Table 4)[7]. Certain
diagnoses and aetiologies of myocarditis require EMB (histology, immunohistology,
infectious agents by polymerase chain reaction). CMR imaging should be included in
the workup of myocarditis; it provides tissue characterization but does not identify
the underlying cause. Late gadolinium enhancement is observed in the majority of
patients and can have several phenotypes with different prognostic implications[26].

Coronary embolism: Coronary embolism (CE) can affect coronary microcirculation
and/or angiographically visible epicardial vessels. Coronary emboli can arise from
coronary or systemic arterial thrombi, and coronary thrombosis may be related to
thrombotic disorders. The prevalence of de novo CE MINOCA can be 2.9%. Atrial
fibrillation is the most common cause of CE. Case definition can be held according to
the National Cerebral and Cardiovascular Center criteria for the diagnosis of CE; the 3
major  criteria  include  angiographic  evidence  of  coronary  artery  embolism  and
thrombosis without atherosclerotic components, concomitant multivessel CE and
concomitant systemic embolization. Minor criteria include CAD with stenosis < 25%,
evidence  of  embolic  source  detected  by  imaging,  and  coexistence  of  potential
thromboembolic disease. Paradoxical embolism due to right-left shunts is a rare cause
of MINOCA, and treatment includes trans-catheter device closure or surgical repair.
Transthoracic, transoesophageal, and contrast-enhanced echocardiography are the
cornerstone methods for uncovering cardiac sources of embolism[8,27].

MINOCA with uncertain etiology
CMR  imaging  is  a  cornerstone  in  determining  underlying  myocardial  tissue
pathology.  However,  8%-67%  of  MINOCA  patients  have  no  late  gadolinium
enhancement, myocardial oedema, or wall motion alterations. Vasospastic angina,
coronary  plaque  disease  or  CE  can  have  normal  CMR  findings;  in  these  cases,
intracoronary imaging may help shed light on the underlying ischaemic trigger. IVUS
and CMR provide complementary mechanistic insights into MINOCA patients and
may be useful in identifying potential causes and therapies[28].

MINOCA THERAPY ACCORDING TO PATHOPHYSIOLOGY

Epicardial causes of MINOCA
Coronary plaque disruption: Dual antiplatelet treatment for 12 mo is recommended if
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Table 2  International takotsubo syndrome diagnostic criteria

Diagnostic criteria

Left ventricular dysfunction usually extending beyond a single coronary territory.

Sometimes triggered by emotional, physical or combined stress.

Acute neurologic disorders, including pheochromocytoma, may become triggers.

New ECG abnormalities. Rare cases can present with without ECG shifts.

Moderate troponin elevation. Usually, significantly high brain natriuretic peptide.

Can have concomitant CAD.

No evidence of infectious myocarditis usually excluded by CMR.

Mostly present in postmenopausal women.

CAD: Coronary artery disease; CMR: Cardiac magnetic resonance; ECG: Electrocardiogram.

allowed by haemorrhage risk, followed by chronic single antiplatelet therapy and
statins[8]. Angiotensin-converting enzyme inhibitors/angiotensin receptor blockers
and  beta-blocker  treatment  have  the  same  indication  as  STEMI  and  NSTEMI
guidelines[4,5].

Coronary dissection:  There is  no effective treatment to reduce long-term risk.  A
medical strategy is recommended for coronary interventions, and stenting may cause
propagation of the dissection. A conservative strategy along with beta-blockers and
single antiplatelet treatment is recommended[8,13].

CAS:  Chronic medical  treatment includes calcium channel blockers and nitrates.
Calcium antagonist dose reduction or discontinuation was associated with worse
prognosis  regarding  mortality,  supporting  the  role  of  epicardial  spasm  in  the
occurrence of adverse events[8].

Microvascular causes of MINOCA
Microvascular coronary spasm:  There are no specific therapies for microvascular
dysfunction,  and  management  of  underlying  cardiovascular  risk  factors  is
recommended. Traditional anti-ischaemic drugs, such as beta-blockers and nitrates,
should be first-line therapy; calcium antagonists can be added to treat refractory
angina  and  are  recommended  when  vasomotor  tone  is  increased.  The  data  on
ranolazine for angina relief are controversial in this subset[9,15].

TTS:  There are no randomized trials to guide evidence-based treatment. Empiric
strategies include cardio-selective beta-blockers, avoidance of inotropes, angiotensin-
converting enzyme inhibitors  for  persistent  myocardial  dysfunction,  mechanical
support  devices  in  cardiogenic  shock,  and antiplatelet  treatment  with  statins  if
associated with CAD[21].

Myocarditis: Myocarditis treatment differs from that of coronary disease because it
does not require anti-ischaemic therapies. Myocarditis generally has a favourable
prognosis resolving in 2 to 4 wk, while a minor subgroup develops cardiovascular
complications  such  as  heart  failure  and  should  be  treated  correspondingly.
Autoimmune  forms  have  negative  infection  findings  on  biopsy,  and  specific
autoimmune therapy is required in these cases[7].

CE: Standard treatment of thromboembolic events remains individualized. Multiple
factors play a role in this entity, such as the time of presentation and the presence or
absence of multiple embolic sites. Patients with paroxysmal embolism in the presence
of atrial septal defects require percutaneous or surgical closure. These patients have a
high rate of recurrence and major adverse cardiovascular events (MACEs) in the
follow-up[8,27].

DETERMINING THE CAUSE
MINOCA patients are a conundrum for clinicians;  therefore,  a systematic global
approach should be pursued, and an attempt must be made to determine the specific
aetiologic mechanism as prognosis and management vary. The diagnostic arsenal
includes  invasive  and  non-invasive  techniques.  Medical  history  can  suggest  a
diagnosis  of  vasospasm angina  if  the  patient  has  a  chronic  pattern  of  recurrent
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Table 3  International takotsubo syndrome diagnostic score

Criteria Points Diagnosis probability

Female sex 25 points ≤ 70 points

Emotional stress 24 points Low/intermediate

Physical stress 13 points TTS probability

No ST-segment depression 12 points

Psychiatric disorders 11 points > 70 points

Neurologic disorders 9 points High TTS probability

QTc prolongation 6 points

TTS: Takotsubo syndrome.

episodic angina. Regional LV motion alterations corresponding to a finite vascular
territory suggest vasospasm or thrombosis. Apical ballooning suggests TTS. A history
of  atrial  fibrillation,  dilated  cardiomyopathy,  prosthetic  heart  valves,  infective
endocarditis, atrial myxoma, and patent foramen oval suggest CE. IVUS or optical
coherence tomography are encouraged in non-severe coronary angiography findings
with  less  than  50% luminal  reduction;  if  intracoronary  imaging  reveals  normal
findings,  provocative  functional  testing  is  recommended.  Transthoracic  or
transoesophageal echocardiography, LV ventriculography, and CMR are other well-
documented techniques. The test flow-chart does not have a specific order and should
be performed according to clinical  suspicion[4,7,8].  In Figure 1,  we summarize our
diagnostic and therapeutic workup for MINOCA management.

MINOCA PROGNOSIS
The prognosis of MINOCA patients is heterogeneous and not benign. Patients should
be carefully informed about their condition and must not be inaccurately reassured
about a favourable course. Because of the aetiological heterogeneity, the extent of MI
damage and different inclusion criteria, registries reporting MINOCA prognosis show
diverse data  regarding major  cardiac  adverse events  during hospitalization and
follow-up[10].  In the VIRGO study,  similar  proportions of  cardiac arrest,  reduced
ejection fraction, and heart failure were observed in patients with MINOCA and MI-
CAD, whereas the mortality rates during follow-up were not significantly different.
According to a meta-analysis of eight studies that reported all-cause mortality in
patients with MINOCA, both in-hospital and 12-month mortality were comparable to
MI-CAD[9].

Moreover,  different  secondary  prevention  strategies  at  discharge  have  been
published with discrepancies regarding medical treatment with proven prognostic
value, thus possibly interfering with prognosis. In addition, it may be speculated that
within the vast  spectrum of MINOCA patients,  the multiple categories can have
dissimilar prognoses and may be under- or overestimated by grouping them together.

Nordenskjöld  et  al[29]  conducted  an  observational  study  with  9092  MINOCA
subjects and found that 24% of the patients presented a new MACE and 14% died
during  follow-up.  Multiple  predictors  for  MACEs  and  death  among  MINOCA
patients are similar to those previously shown to predict new events in MI-CAD
patients,  some of  which are  older  age,  diabetes,  hypertension,  current  smoking,
previous MI, previous stroke, and reduced LVEF. In this study, a cholesterol paradox
was observed, where low levels of total cholesterol were significantly associated with
the composite endpoint of MACEs and long-term mortality; this phenomenon was
primarily observed in the statin-naive group who received statin treatment after
MINOCA.

Nordenskjöld et  al[30]  also  studied the  possible  mechanisms and prognosis  for
reinfarction in MINOCA patients, describing an average time to readmission of 17
mo. With a median follow-up of 38 mo, mortality was similar whether the reinfarction
event was MINOCA or MI-CAD. A progression of coronary stenosis is described in
approximately half of the patients, and thus, the performance of another angiography
in  the  MI  event  following  MINOCA  was  relevant;  all-cause  mortality  and
cardiovascular mortality were higher among patients who did not undergo a new
coronary angiography than among those who did. Repeated episodes of MINOCA are
not harmless.

In a recent study of the Chinese population, MACEs in MINOCA patients at the 1-
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Table 4  European Society of Cardiology 2013 Myocarditis Task Force definition of clinically suspected myocarditis

Presence of ≥ 1 clinical presentation and ≥ 1 diagnostic criteria:

Clinical presentation:

Acute coronary-like syndrome

New onset or worsening unexplained heart failure

Chronic unexpected heart failure over 3 mo duration

Life-threatening unexplained conditions (including arrhythmias, aborted sudden death, cardiogenic shock)

Diagnostic criteria:

ECG/Holter/stress test shifts: Any degree atrioventricular block or bundle branch block, ST/T or Q wave changes, sinus arrest, cardiac arrest rhythms,
low voltage, frequent premature beat or supraventricular tachycardia

Elevated cardiac troponins

Functional and structural abnormalities on cardiac imaging

Oedema and/or late gadolinium enhancement of myocarditis pattern in CMR

CMR: Cardiac magnetic resonance; ECG: Electrocardiogram.

year follow-up were lower than those in MI-CAD patients. Multi-factorial survival
analysis showed that older age (≥ 60 years old), female sex, atrial fibrillation, and
reduced LVEF are independent risk factors for MACEs in MINOCA patients within
one  year[31].  The  atherosclerotic  burden  in  MINOCA patients  may  also  have  an
additional role in their prognosis and represents a promising research target in the
following years[23].

TTS is a special subset of MINOCA patients with regard to triggers that can be
identified in two-thirds of cases and should be exposed because they can influence
prognosis. Generally, long-term outcomes of TTS are comparable to those of age- and
sex-matched MI patients. TTS related to emotional stress have a favourable short- and
long-term  prognosis,  whereas  those  secondary  to  physical  stress  or  medical
conditions such as neurological events are associated with higher mortality in follow
up; patients with neurological triggers tend to have higher mortality[23].

KNOWLEDGE GAPS AND FUTURE PERSPECTIVE
The  present  study  shows  a  knowledge  gap  and  heterogeneous  management  of
MINOCA patients that need attention. MINOCA is a polymorphic aggregate with
much more to be uncovered, with special emphasis on the pathophysiology. Standard
MI protocols  do not  apply systematically to all  MINOCA patients.  Variations in
revascularization strategies and the use of proven medical therapies exist[9]. The era of
eyeball angiographic quantification is evolving, and measuring only the degree of
stenosis is  insufficient.  The plaque burden is  multi-faceted,  and different plaque
content, volume, and distribution along with luminal stenosis can have a divergent
clinical impact and prognosis[29]. There is a demand for the use of standard criteria in
MINOCA research for effective worldwide communication, as such criteria may help
understand and compare international registries. Standardized criteria may provide
an investigative structure for mechanistic, diagnostic, prognostic and clinical trial
studies aimed at developing MINOCA evidence-based guidelines.

CONCLUSION
MINOCA  should  be  considered  a  working  diagnosis,  and  challenges  must  be
overcome to identify its underlying cause because its polymorphic nature has various
implications. MINOCA is a prevalent, not benign pathology, and misconceptions
regarding this condition must be reviewed. Variable practice patterns and disparities
in MINOCA care exist. Future multicentric clinical trials will have a strong impact
and refine the optimal cardiovascular care of MINOCA patients.
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Figure 1

Figure 1  Diagnostic and therapeutic workup for myocardial infarction with non-obstructive coronary arteries. STEMI: ST segment elevation myocardial
infarction; NSTEMI: Non-ST segment elevation myocardial infarction; Ach: Acetylcholine; CMR: Cardiac magnetic resonance; EMB: Endomyocardial biopsy; TTE:
Transthoracic echocardiography; TOE: Transoesophageal echocardiography; ACEi: Angiotensin-converting-enzyme inhibitors; ARB: Angiotensin II receptor blockers;
MINOCA: Myocardial infarction with non-obstructive coronary arteries; ECG: Electrocardiogram; iFR: Instantaneous wave-free ratio; OCT: Optical coherence
tomography; FFR: Fractional flow reserve; IVUS: Intravascular ultrasound; PET: Positron emission tomography.
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