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ABSTRACT 

Myocardial Infarction with Non-obstructive Coronary Arteries-MINOCA is a clinical syndrome that encompasses a 
subgroup of heterogeneous patients who present with myocardial infarction yet do not have any significant 
coronary artery obstruction on angiogram. From several studies it is understood that  MINOCA has a 8.8% 
prevalence of all Myocardial Infarction (MI) presentations, with no characteristic distinguishing clinical features 
when compared with MI-CAD( Coronary artery disease), except for  patients being younger with a female 
preponderance & less likely to have hyperlipidemia. The prognosis is extremely variable, depending on the 
causes of MINOCA. Clinical history, echocardiography, coronary angiography, and left ventriculography 
represent the first-level diagnostic investigations.
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INTRODUCTION 

MINOCA-myocardial infarction with non- 
obstructive coronary arteries, the name itself 
describes that there is a myocardial infarction 
without significant obstructive coronary artery 
disease. Therefore this review was done to 
address the following objectives:

Investigate  the degree of stenosis

Determine the association of MINOCA with 
any specific type of acute coronary syndrome 
(ACS). 

Know the influence of age, gender and 
ethnicity on MINOCA.

Study the potential pathophysiological 
mechanisms underlying this disorder.

Know the therapy of MINOCA

Assess the prognosis of MINOCA

According to European Society of Cardiology 
(ESC) position paper on myocardial infarction with 
non-obstructive coronary arteries, the diagnosis of 

MINOCA is made immediately upon coronary 
angiography in a patients presenting with features 
consistent with an acute myocardial infarct along 
with features of non-obstructive coronary arteries 
on angiography, as detailed by the following 
criteria.1

(1) AMI criteria:2

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

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

Symptoms of ischaemia
New or presumed new significant ST-T 
changes or new LBBB
Development of pathological Q waves
Imaging evidence of new loss of viable 
myocardium or new RWMA
Intracoronary thrombus evident on 
angiography or at autopsy
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(2) Non-obstructive coronary arteries on 
angiography:

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

This includes both patients with:

Normal coronary arteries (no stenosis 
<30%)

Mild coronary atheromatosis (stenosis 
>30% but <50%).

(3) No clinically overt specific cause for the 
acute presentation:

At the time of angiography, the cause and thus 
a specific diagnosis for the clinical presentation 
is not apparent.

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.

Myocardial infarction with no obstructive coronary 
atherosclerosis (MINOCA) is a syndrome with 
different causes,3 characterized by clinical 
evidence of MI with normal or near 
normal-coronary arteries on angiography 
(stenosis severity <50%). Data from large MI 
registries suggest a prevalence between 5 and 
25%,3-6 but the most recent study, in a 
contemporary cohort of patients, reported a 
prevalence of 8.8%.7

Among patients presenting with ST-segment 
elevation myocardial infarction (STEMI), the 
majority (almost 90%) has coronary artery 
occlusion by angiography if it was undertaken 
within4 hours of onset of chest pain.8 In contrast, in 
patients presenting with NSTEMI, approximately 
26% have evidence of coronary artery occlusion 
when angiography was performed within 24 hours 
of symptom onset.9 In both of these landmark 
studies,8,9 more than 90% of the acute MI patients 
had angiographic evidence of obstruction. 
Approximately 10% of patients presenting with 
acute MI (AMI) have no significant obstructive 

CAD. A diagnosis of MINOCA can be made in 
patients presenting with features of AMI but a 
coronary angiogram demonstrating non-obstructive 
CAD.1 An analysis of patients with NSTEMI 
included in the CRUSADE (Can Rapid risk 
stratification of Unstable angina patients Suppress 
Adverse outcomes with Early implementation of 
the ACC/AHA guidelines) registry showed that 
female sex and younger age were independent 
clinical predictors of MINOCA.4

In MINOCA, the median age was 55 years & 40% 
were women. About 10-25% of women & 6-10% 
of men with Acute Coronary Syndrome (ACS) have 
MINOCA. The higher rates in women has been 
observed in several trials, such as the CRUSADE 
trial, the WISE (Women’s Ischemia Syndrome 
Evaluation) trial & GUSTO IIb (The Global Use of 
Strategies to Open Occluded Coronary Arteries in 
Acute Coronary Syndromes) trial, etc.10 Black 
women had a higher likelihood of no obstruction at 
angiography compared with other racial/ethnic 
groups of women (59% vs. 27%). Endothelial 
dysfunction, positive remodeling, blood disorders, 
like sickle-cell disease11 & hemoglobinopathies 
have been postulated as causative in black 
women. Asian patients were less likely to have no 
obstruction at angiography compared to other 
groups.12 In comparison to those with myocardial 
infarction associated with obstructive coronary 
artery disease (MI-CAD), the patients with 
MINOCA were more likely to be younger and 
female but less likely to have hyperlipidemia, 
although other cardiovascular risk factors were 
similar.

CAUSES OF MINOCA

1. Epicardial Causes

• Coronary artery spasm

Coronary artery spasm (CAS) represents an 
important epicardial cause of MINOCA. It usually 
occurs at a localized segment of an epicardial 
artery, but sometimes involves two or more 
segments of the same (multifocal spasm) or 
different (multi-vessel spasm) coronary arteries, 
or may involve diffusely one or multiple coronary 
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branches.13 The prevalence ranges between 3 and 
95% of MINOCA patients; this wide difference 
depends on the stimuli used to trigger spasm, 
definitions of spasm, and ethnic reasons.14 
Provocative spasm testing has demonstrated 
inducible spasm in 27% of patients with MINOCA 
suggesting that it is a common and an important 
pathogenetic mechanism in MINOCA.14

• Non-obstructive coronary atherosclerosis 
with positive remodeling/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.2 Within the Universal definition 
document, MINOCA comprises 5–20% of all 
type-1 AMI cases. The term disruption 
encompasses imaging and pathologic findings of 
plaque rupture, ulceration, or erosion. Intraplaque 
haemorrhage may also play a role. Two 
independent studies using intravascular 
ultrasound identified plaque rupture or ulceration 
in 40% of patients with MINOCA.15,16 Another 
epicardial cause of MINOCA is the presence of 
eccentric plaques with positive remodeling 
resulting in lack of obstructive CAD. These lesions 
frequently show characteristics of vulnerability: 
large lipid pool and thin fibrous cap,17 which may 
increase the susceptibility to plaque rupture.18

2. Microvascular Causes 

• Takotsubo syndrome

A microvascular cause of MINOCA is represented 
by Takotsubo syndrome (TS). Its prevalence is 
reported to range between 1.2 and 2.2% of all 
ACS.  Although several etiopathogenetic mechanisms 
have been proposed (e.g. multi-vessel epicardial 
spasm, catecholamine-induced myocardial stunning, 
spontaneous coronary thrombus lysis, and acute 
microvascular spasm).

• Coronary microvascular spasm

Coronary micro-vascular spasm is characterized 
by transient transmural myocardial ischemia, as 
indicated by ST-segment changes, during 
spontaneous or provoked angina, in the presence 

of normal epicardial coronary arteries. It may be 
considered as unstable presentation of 
microvascular angina.19 About 25% of patients 
with ACS and no obstructive CAD have evidence of 
microvascular spasm, although an increase of 
troponin is unfrequent.20

• Myocarditis mimicking MI

In about one-third of patients, MINOCA is caused 
by acute myocarditis mimicking MI. Adenoviruses, 
parvovirus B19 (PVB19), human herpes virus 6, 
and Coxsackie virus are considered the most 
common causes of viral myocarditis. Previous 
studies suggested that the clinical presentation is 
related to the type of virus.21 In particular, PVB19 
myocarditis may mimic MINOCA.

• Coronary Embolism

Coronary embolism should be suspected in 
patients with MINOCA and one of the following 
conditions associated with high risk of systemic 
embolism: prosthetic heart valves, chronic atrial 
fibrillation, dilated cardiomyopathy with apical 
thrombus, infective endocarditis, and myxoma, 
papillary fibroelastoma, iatrogenic air emboli, 
calcified valves.22,23 coronary emboli may occur 
from coronary or systemic arterial thrombi. 
Hereditary thrombophilia disorders include Factor 
V Leiden thrombophilia, Protein S and C 
deficiencies. Thrombophilia screening studies in 
patients with MINOCA have reported a 14% 
prevalence of these inherited disorders.11 Acquired 
thrombophilia disorders should also be considered 
such as the antiphospholipid syndrome and 
myeloproliferative disorders, although these have 
not been systematically investigated in MINOCA. 
In all these cases, a hypercoagulable state might 
predispose to thrombus formation.24 

Clinical assessment (Diagnosis of MINOCA and 
implication Cardiac magnetic resonance imaging):

MINOCA is a working diagnosis and should lead 
the treating physician to investigate underlying 
causes, analogous to heart failure. This review 
article outlines suggestions for diagnostic testing 
in order to identify or exclude potential etiologies. 
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Left ventriculography or echocardiography should 
be performed in the acute setting to assess wall 
motion. This will aid the clinician in determining 
whether takotsubo cardiomyopathy is a diagnostic 
consideration. The most common causes of 
MINOCA that the treating clinician must consider 
are plaque rupture or erosion, coronary artery 
spasm, thromboembolism, coronary dissection, 
takotsubo cardiomyopathy, unrecognized 
myocarditis, and other forms of type-2 myocardial 
infarction, in which a condition other than 
coronary plaque instability contributes to an 
imbalance between myocardial oxygen supply and 
demand and cause myocardial necrosis, such as 
tachyarrhythmia, haemorrhage, sepsis, and 
hypertensive crisis. 

Cardiac magnetic resonance (CMR) 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 
bed of subendocardium suggests an ischaemic 
cause of injury, although it does not identify the 
particular cause of ischaemia (plaque 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 myocardial 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. An 
alternative consideration is that the troponin rise 
is not indicative of AMI and is, instead, due to 
other causes, such as, pulmonary embolism or 
myocarditis. These alternate causes should be 
reconsidered when CMR is normal.

DIAGNOSTIC ALGORITHM

 

Fig. 1: Diagnostic algorithm of MINOCA (Adapted from Agewall et. al.1)

PROGNOSIS OF MINOCA

The prognosis of MINOCA is not as benign as 
reported by early cohort studies as commonly 
assumed by physicians.5 Indeed, the rate of 
all-cause mortality during admission and at 
12-month follow-up ranged between 0.1 and 
2.2% and between 2.2 and 4.7%, respectively. 25,26 
Of note, a recent retrospective analysis of patients 
enrolled in the ACUITY trial7 showed that, 
compared with NSTEMI patients with obstructive 
CAD, patients with MINOCA had a higher adjusted 
risk of mortality at 1 year (5.2 vs. 1.6%; HR 3.44, 
CI 1.05–11.28; P = 0.04). All-cause mortality at 
12-month was lower in MINOCA (4.7% [95%CI: 
2.6-6.9%]) compared to MI-CAD (6.7% [95%CI: 
4.3-9.0%]).11 The risk of recurrent myocardial 
infarction or death in MINOCA patients is 2% up to 
12 months.3,26-30

TREATMENT

Treatment of MINOCA is as for that of MI-CAD. As 
thrombosis and/or thromboembolism invariably 
play a major role in the pathogenesis of MINOCA 
with plaque disruption. Dual antiplatelet therapy is 
recommended for 1 year followed by lifetime 

MINOCA
(Universal AMI Criteria + no angiographic stenosis ≥50% + no overt causes at presentation)

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

Laboratory assays 
Consider:
• Type-2 MI (Hb, CRP, 
   WBC, S02) 
• D-dimer (pulmonary 
  embolism) 
• Thrombophilia screen
• BNP

Diagnosis not confirmed

TEE
• Cardioembolism

Cardiac MRI
• LGE (myocarditis****) 
• AMI

MINOCA aetiologic diagnosis confirmed 
Type-2 MI
Plaque disruption 
Dissection 
Takotsubo
Epicardial or microvascular spasm 
Coronary thromboembolism
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single antiplatelet therapy for patients with 
suspected or confirmed plaque disruption as a 
cause of MINOCA.4 Because disruption occurs on a 
background of non-obstructive CAD, statin 
therapy is also recommended even if only a minor 
degree of atherosclerosis is found. Nitrates and 
especially calcium antagonists are must in 
patients with “normal” angiogram, if spasm is the 
culprit. B-blockers have been shown to be highly 
effective for reduction of chest pain. Statins & 
angiotensin-converting enzyme inhibitors improve 
endothelial dysfunction.

CONCLUSION

Patients with MINOCA, in particular those with 
angiographically normal-coronary arteries, are 
frequently labeled as ‘non-cardiac patients’, thus 
missing the opportunity to appropriately treat 
patients with an outcome worse than previously 
believed. New data suggest that this approach 
may not be appropriate. Though mortality is lower 
than patients with obstructive CAD, it is still at 
alarming rates. Many of these patients, 
predominantly women, frequently complaining of 
chest pain or tightness of chest, are 
re-hospitalized and have relatively high rates of 
progression to obstructive CAD and adverse 
cardiac events. MINOCA should be considered as a 
'working diagnosis' with multiple potential causes 
that require evaluation so that directed therapies 
may improve its guarded prognosis. In MINOCA 
patients without an obvious etiology after initial 
evaluation including echocardiography, a routine 
examination with CMR imaging is recommended.
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