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Abstract:

Myocardial Infarction in the absence of obstructive coronary artery disease [MINOCA] is seen in 5-6% of the
patients presenting with myocardial infarction. While patients with MINOCA can present with either ST
segment elevation or non-ST segment elevation myocardial infarction, they are less likely to have ST segment
deviation on electrocardiography and have less of cardiac biomarker elevation compared to their obstructive
coronary artery disease counterparts. Patients with MINOCA are usually younger and with lower prevalence of
traditional cardiovascular risk factors compared with patients presenting with obstructive coronary artery
disease. A variety of atherosclerotic and non-atherosclerotic mechanisms can lead to MINOCA. A diagnosis of
MINOCA can only be made in patients whose clinical presentation is attributed to an ischemic event after
excluding obstructive coronary artery disease and alternate causes for troponin elevation. A systematic approach
to diagnosing the underlying causes is warranted to optimally treat patients presenting with MINOCA.
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Introduction:

Myocardial Infarction in the absence of obstructive coronary artery
disease [MINOCA] is seen in 5-6% of the patients presenting with
myocardial infarction and is more prevalent in females compared with
males. [1][2] The disease entity was first identified 75 years ago when
myocardial necrosis was reported in autopsies without the evidence of
significant coronary atherosclerosis. [3] Substantial variability exits in the
manner patients with suspected MINOCA are evaluated and treated. The
present review aims at summarizing the updated definition for the broadly
labelled term MINOCA and provide a clinical framework for the
evaluation and management of these patients.

Disease epidemiology

Early angiographic studies by Likoff et. al. and Eliot et. al. reported the
paradox of myocardial ischemia and necrosis in patients with normal
coronary arteriograms. [4,5] Further angiographic studies by DeWood et.
al. reported a prevalence of non-obstructive coronary arteries in nearly
5% of myocardial infarction patients undergoing angiography. [6] These
numbers were further sustained by individual studies and pooled analysis
which reported similar prevalence of non-obstructive coronary arteries in
myocardial infarction patients undergoing angiography. [2] The disease
was initially referred to as myocardial infarction with normal coronary
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arteries [MINC] but later changed to MINOCA to include patients with
atherosclerotic coronary arteries which were not severe enough to
compromise myocardial blood flow. [7,8] While patients with MINOCA
can present with either ST segment elevation or non-ST segment elevation
myocardial infarction, they are less likely to have ST segment deviation
on electrocardiography and have a smaller degree of cardiac biomarker
elevation compared to their obstructive coronary artery disease
counterparts. [9,10] Furthermore, patients with MINOCA are usually
younger compared with patients presenting with obstructive coronary
artery disease. [9, 10] MINOCA is more prevalent in blacks, Maori or
Pacific race, and Hispanic ethnicity. [10,11] Traditional risk factors like
dyslipidemia, hypertension, diabetes mellitus, tobacco abuse and a family
history of myocardial infarction are less prevalent in patients presenting
with MINOCA.

Definition

The European Society of Cardiology drafted the first international
position article on MINOCA and defined MINOCA based on Third
Universal Definition of Myocardial Infarction. [12,13] A recent scientific
statement from the American Heart Association further refined the
definition of MINOCA based on Fourth Universal Definition of
Myocardial Infarction as: 1) Acute Myocardial Infarction as defined by
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the “Fourth Universal Definition of Myocardial Infarction”; (2)
Nonobstructive coronary arteries on angiography, with no lesions >50%
in a major epicardial vessel (normal coronary arteries, mild luminal
irregularities (<30% stenoses) or moderate coronary atherosclerotic
lesions (>30% but <50% stenoses) ; and (3) No specific alternate
diagnosis for the clinical presentation where in alternate diagnoses
include but are not limited to non-ischemic causes such as sepsis,
pulmonary embolism, and myocarditis. [1, 14]

Etiology

The underlying mechanisms for myocardial necrosis in patients
presenting with MINOCA can be broadly classified into atherosclerotic
and nonatherosclerotic causes. [1]

Atherosclerotic causes of Myocardial Necrosis

Atherosclerotic causes of myocardial necrosis are due to plaque
disruption which includes plaque rupture, plaque erosion and calcific
nodules. [1] Plaque disruption was observed in one-third of the women
patients diagnosed with MINOCA. [15] Plaque rupture, typically caused
by inflammation, is discontinuity of fibrous cap leading to a
communication between plaque cavity and the coronary lumen leading to
thrombus formation. Whereas, plaque erosion is primarily caused by
endothelial erosion with a thrombus that is contiguous to the luminal
surface of a plaque without signs of rupture. [16] Plaque disruption can
cause thrombus formation with distal embolization, and in some cases,
transient complete thrombosis with spontaneous thrombolysis. [15]
Angiographic evidence of occlusion may not be evident due to non-
occlusive thrombus in patients with MINOCA.

Nonatherosclerotic causes of Myocardial Necrosis

Coronary artery vasospasm is defined as intense (>90%) transient
vasospasm of the coronary arteries associated with angina and ischemic
electrocardiographic changes either spontaneously or in response to a
provocative stimulus as defined by Coronary Vasomotion Disorders
International Study Group (COVADIS). [17] Though Prinzmetal et al.
first described coronary artery spasms in patients with obstructive
coronary artery disease, it is now more often considered in patients with
nonobstructive coronary artery disease. [18] Further studies have reported
coronary artery vasospasm as the leading cause of MINOCA with
evidence for coronary vasospasm reported in nearly 46% of the patients
presenting with MINOCA undergoing provocative tests. [2,19]

The coronary microcirculation which accounts for nearly 70% of the
coronary resistance can potentially contribute to the pathogenesis of
MINOCA. Further, coronary artery emboli can result in MINOCA if it
involves the coronary microcirculation. Hypercoagulable state secondary
to inherited disorders, thrombotic thrombopenic purpura, and heparin
induced thrombocytopenia can precipitate embolic phenomenon and lead
to occlusion of coronary microcirculation causing MINOCA.
Spontaneous coronary artery dissection can be considered a possible
cause of MINOCA. [10] Though most patients with spontaneous coronary
artery dissection have a visible obstruction on angiography, the arteries
can be normal because of the gradual tapering of the vessels. [20]
Furthermore, few patients may have a supply-demand mismatch which
can present as MINOCA. [21,22]
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Management

The management strategies for patients with myocardial infarction
secondary to obstructive causes are well established. However, its
counterpart with non-obstructive coronary artery disease management
lacks evidence-based guidelines and hence the variable standards in
diagnosis and management of MINOCA.. Some progress was made in the
realm of multi-modality imaging as a tool to identify potential
mechanisms leading to MINOCA. Reynolds et. al in a recent prospective,
multicenter, observational study demonstrated that Coronary Optical
Coherence Tomography (OCT) and Cardiac Magnetic Resonance
Imaging (CMR) together can diagnose identifiable etiology in
approximately 85% of women presenting with MINOCA. [23]

Although the prognosis of patients with MINOCA has been shown to be
better than their counterparts with obstructive coronary artery disease and
presenting with AMI, the mortality and morbidity associated with
MINOCA is not negligible and substantially higher than general
population without cardiovascular disease. [1,10] A more recent study by
Choo et.al on behalf of KAMIR-NIH investigators has revealed that risk
of all-cause death and recurrent M1 were similar between patients with
MINOCA and MI due to obstructive coronary artery disease at 2 years.
[24] Hence it is imperative that a systematic approach is needed towards
diagnosing this heterogenous entity and further define and treat the
underlying cause. Position statements from European Society of
Cardiology and American Heart Association provide an excellent
framework for diagnosis and management of MINOCA. [1,12]

Diagnosis

The diagnostic algorithm for MINOCA include an initial evaluation to
exclude clinically overt causes for myocardial injury from a non-ischemic
event. [1,12] This should be followed by further evaluation to identify
potentially overlooked obstructive coronary artery disease by re-
reviewing the angiogram to rule out distal cut-offs suggesting
thromboembolic occlusion and spontaneous coronary artery dissection.
Further investigation focusing on individual etiologies for the ischemic
event leading to MINOCA can be considered including coronary vascular
imaging with Intravascular Ultrasound (IVUS) and OCT to identify
plaque disruption, invasive coronary provocative testing to rule out
epicardial coronary vasospasm, and coronary functional assessment with
Coronary Flow Reserve to assess microvascular function. Furthermore,
CMR should be considered in patients with MINOCA to differentiate it
from  myocarditis,  Takotsubo  cardiomyopathy and  other
cardiomyopathies as well as to confirm ischemic etiology with evidence
suggestive of infarction. [23]

Individualized treatment strategies

After excluding all possible alternate diagnoses mimicking AMI and
identifying potential underlying mechanism for MINOCA, cause-specific
targeted therapy should be considered. [1] MINOCA patients secondary
to plaque disruption should be treated with cardioprotective therapies in
accordance with the AMI guidelines with aspirin being the main
cornerstone of management because the pathophysiology is similar to that
of myocardial infarction due to obstructive coronary artery disease.
Further, patients with MINOCA are usually not treated with stents, as
supported by a study which treated MINOCA patients with dual
antiplatelet therapy alone and reported an acceptable 1-year
revascularization rate of 5.7%. [25] Calcium channel blockers are the

Page 2 of 4


http://www.auctoresonline.org/

J Clinical Research and Reports

mainstay of treatment in patients presenting with MINOCA secondary to
coronary spasm. [26, 27] Treating underlying cause remains the mainstay
for patients presenting with supply-demand mismatch.

Cardioprotective therapies

The role of cardioprotective therapies in secondary prevention is not
clearly outlined for patients with MINOCA unlike MI with obstructive
coronary artery disease with no completed prospective, randomized
controlled trials to date. An observational cohort study of patients with
MINOCA enrolled in SWEDEHEART registry indicated that
angiotensin-converting enzyme inhibitors/angiotensin receptor blockers
(ACEI/ARB) and statin therapy were associated with lower major adverse
cardiac events defined as all-cause mortality, hospitalization for
myocardial infarction, ischemic stroke and heart failure after 4.1 years of
mean follow up. [28] Beta-blockers were associated with a trend towards
low event rate in the same study whereas dual antiplatelet therapy was not
associated with a lower event rate. A multicenter prospective registry by
Choo et. al. also confirmed the independent association of nonuse of
renin-angiotensin system blockers and statins with an increased risk of
all-cause mortality at 2 year follow up. [24] MINOCA-BAT, a multi-
national, multi-center, randomized clinical trial is currently underway to
evaluate the effect of beta-blocker and ACEI/ARB therapy on long-term
clinical outcomes in patients with MINOCA. [29]

Conclusion

A systematic multi-modality approach to diagnosing underlying
mechanisms leading to MINOCA and excluding alternate diagnoses of
myocardial injury is crucial in establishing this challenging heterogenous
diagnosis. Management of MINOCA should focus on individualizing
treatment with cause-specific targeted therapies and institution of
cardioprotective therapies for secondary prevention.
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