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A B S T R A C T   

The term MINOCA (Myocardial Infarction with Non-Obstructive Coronary Arteries) refers to 
myocardial infarction cases where coronary arteries exhibit less than 50 % stenosis. MINOCA 
encompasses a diverse range of pathologies with varying etiologies. Diagnosis involves meeting 
acute myocardial infarction criteria and excluding other causes (myocarditis, takotsubo syn
drome). Clinical features often resemble those of traditional myocardial infarction, but MINOCA 
patients tend to be younger and more frequently female. Etiological investigations include cor
onary angiography, intracoronary imaging, and vasomotor function tests. Causes include plaque 
rupture, coronary dissection, vasospasm, microvascular dysfunction, thromboembolism. Prog
nosis varies, with some subsets at higher risk. Management involves a tailored approach 
addressing underlying causes, with emphasis on cardioprotective therapy, risk factor modifica
tion, and lifestyle interventions. Further research is needed to refine diagnostic strategies and 
optimize therapeutic approaches in MINOCA patients.   

Introduction 

The term MINOCA (Myocardial Infarction with Non-Obstructive Coronary Arteries) refers to any condition responsible for 
myocardial ischemic necrosis associated with angiographic documentation of the absence of hemodynamically significant coronary 
lesions (stenosis < 50 %)1. 

From this definition, it can be inferred that the term MINOCA refers to the final event, namely myocardial infarction, rather than 
the underlying pathology, and that such terminology refers to a heterogeneous group of pathologies, sharing the aforementioned 
characteristics. The term MINOCA should constitute an operational diagnosis in order to identify the specific etiology in individual 
patients.1 

To diagnose MINOCA, it is essential that the criteria for acute myocardial infarction (AMI) be satisfied, as defined by the joint 
consensus document of the Fourth Universal Definition, drawn up by the leading international cardiology societies,2 which includes 
the MINOCA theme among its new sections (Fig. 1). 

In recent studies, events classifiable as MINOCA represent approximately 6–8 % of AMI diagnoses.4–6 However, the documented 
prevalence in the literature varies considerably, reaching peaks of 25 %,7 mainly due to the lack of a unified protocol for MINOCA 
diagnosis, leaving open the possibility that other inadequately excluded pathologies may have influenced individual cases. In fact, 
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even recent and extensive case studies, such as the Swedish one described by Lindahl et al,4 including 9136 patients, encompass and 
describe the prognosis of patients with troponin progression from AMI and angiographically intact or < 50 % lesioned coronary ar
teries, without defining the etiological causes and without being able to exclude other diagnoses such as acute myocarditis or 
Takotsubo syndrome as cases of MINOCA. Similarly, the main meta-analysis on the subject5 includes 18 % Takotsubo syndrome and 33 
% acute myocarditis estimated from MINOCA studies that underwent cardiac magnetic resonance imaging (CMR), a diagnostic method 
mostly able to differentiate between coronary and non-coronary causes.7 

Comparing the population of subjects with myocardial infarction due to obstructive coronary artery disease (MI-CAD), MINOCA 
patients are generally younger, with a mean age at presentation of around 55 years and only a slight male preponderance.8,9 The 
female sex is therefore proportionally more represented compared to the MI-CAD counterpart, with values around 40 %.5 The profile of 
cardiovascular risk factors in MINOCA patients does not substantially differ from the MI-CAD population, except for a lower prevalence 
of hyperlipidemia.5 At the time of diagnosis, approximately two-thirds of MINOCA present an electrocardiographic pattern classifiable 
as AMI without ST-segment elevation (NSTEMI), while in the remaining third, the presentation is that of myocardial infarction with 
ST-segment elevation (STEMI).5 

Recent studies on the relationship between MINOCA and personality traits have shown that there is no significant difference be
tween MINOCA patients and MI-CAD patients.10 Anxiety and depression are frequent in MINOCA patients compared to those with 
MI-CAD11,12 and are directly correlated with poor prognosis.13 The seasonal variability of MINOCA and MI-CAD is different, with the 
incidence of MINOCA slightly increasing in summer and autumn.14 

Pathogenesis and search for etiological cause 

As emphasized in the ESC position paper,3 the term MINOCA should be understood as an operational diagnosis, meaning it serves as 
a starting point for identifying the underlying etiological cause. Patient history (age, sex, cardiovascular risk factors, family history, 
comorbidities) and clinical presentation (onset mode of pain, preceding symptoms) play a critical role in suspecting the cause 
responsible for MINOCA and guide the cardiologist in requesting further diagnostic investigations1 (Table 1). In fact, angiography 
alone in most cases does not lead to an etiological diagnosis. The use of intracoronary imaging techniques, such as intravascular ul
trasound (IVUS) and optical coherence tomography (OCT), increases the ability to identify plaque rupture and/or erosion, coronary 
dissection, or endoluminal thrombosis.1 However, it is important to note that even with this instrumentation, it is not always possible 
to reach an etiological diagnosis with a certain degree of certainty. 

Two main groups of causes responsible for MINOCA can be identified:  

1. Epicardial Causes:  
- Plaque rupture and/or erosion of coronary plaque  
- Coronary dissection  
- Epicardial vasospasm  

2. Microvascular Causes:  
- Microvascular vasospasm  
- Thromboembolism  
- Non-ischemic causes such as myocarditis and Takotsubo syndrome. 

Regarding Takotsubo syndrome, some authors consider it as a condition secondary to a coronary cause due to microcirculation 
ischemia and therefore include it among MINOCA, while others consider it a non-involvement of epicardial coronaries and thus 
include it among the differential diagnoses to be excluded.1 The ESC position paper includes Takotsubo syndrome among the 

Fig. 1. Diagnostic alghorithm for MINOCA.  
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non-coronary causes of troponin elevation,3 and in some cases, such as that of Ciliberti et al,15 it is excluded. 
The difference between the two groups is determined by the presence of ventricular wall motion abnormalities, identifiable by 

echocardiography or ventriculography. In cases of involvement of epicardial vessels, this manifests as territorial abnormalities 
consistent with the involved coronary artery, while in cases of microcirculatory dysfunction, it does not match the epicardial perfusion. 

The main causes identified as responsible for MINOCA are described below. 
Plaque Rupture and/or Erosion. 
Rupture of an atherosclerotic plaque is one of the most common causes of MINOCA, as demonstrated by studies using intracoronary 

imaging, which have shown a prevalence of approximately 40 %.16,17 Initially, there is plaque rupture, endothelial disruption causing 
thrombosis, and partial or total occlusion of the coronary lumen, but the degree of stenosis will be <50 %.18 The thrombotic process 
may be accompanied by phenomena of more peripheral thromboembolism and/or vasospasm and is followed, according to the most 
accredited theory, by thrombolysis or spontaneous lysis,19 which is why complete vascular occlusion is not found at the time of 
angiographic study. It has been shown that sometimes the rupture of a plaque with modest lipid content, if occurring in a context where 
multiple prothrombotic factors overlap, can result in complete intracoronary occlusion.20,21 The use of intravascular imaging tech
niques such as IVUS and OCT is crucial in assessing possible plaque erosion.1 

Coronary Dissection. 
Spontaneous coronary artery dissections (SCAD) are a well-known cause of SCA and are due to the acute development, more 

frequently through the fissuring of the endothelium of the intima, of a false lumen within the coronary wall, which creates obstruction 
to flow due to external compression of the true lumen.22 The overall incidence is not known due to a likely underestimation of the 
phenomenon, but there is a prevalence in young and middle-aged women, as demonstrated in a Canadian study where SCAD repre
sented the mechanism responsible for 24 % of SCA in women aged <50 years.23 Pregnancy and the postpartum period,24 as well as the 
presence of fibromuscular dysplasia,25 characterized by stenoses, dissections, and aneurysms involving medium-caliber arteries, have 
been associated with the onset of SCAD and are historical findings to be considered in formulating the diagnostic suspicion. Despite 
some typical angiographic patterns being codified, suspicion of coronary dissection may not be apparent during angiographic eval
uation.26 Again, the use of intracoronary imaging techniques such as IVUS and OCT is crucial.1 

Coronary Vasospasm. 
Coronary vasospasm represents an overactive response of the smooth muscle component of the coronary wall and endogenous 

vasoconstrictor substances, configuring the picture of vasospastic angina, or exogenous (drugs such as cocaine or amphetamines)27,28 

and is one of the main causes of vasospasm of the epicardial vessels in MINOCA despite the pathology can also affect the microcir
culation. The prevalence of vasospastic angina in patients with MINOCA varies greatly, from 3 % to 95 %, depending on the adopted 
definition, ethnicity, and the use or not of provocative tests. A recent study29 published by the Coronary Vasomotion Disorders In
ternational Study Group (COVADIS) aimed to standardize diagnostic criteria for vasospastic angina. The main warning signs that lead 
to suspicion of this diagnosis concern the presence of anginal episodes occurring at rest, especially at night or early in the morning, 
which regress after taking nitrates or calcium antagonists, and which can be exacerbated by hyperventilation and smoking. The 
diagnosis is definitive if during an episode with the aforementioned characteristics, typical electrocardiographic changes (both 
ST-segment elevation and depression) are documented, in the absence of other causes that can justify the symptoms. Often, this does 
not occur in clinical practice, so it is necessary to perform provocative tests during angiography using acetylcholine or ergonovine. The 
test is considered positive if there is:  

• Appearance of anginal symptoms.  
• Appearance of electrocardiographic changes.  
• Appearance of coronary spasm in one or more epicardial coronaries with luminal narrowing >90 % compared to the reference 

caliber.30 

In the absence of the latter characteristic but with the presence of the previous two, it is possible to hypothesize a localization of the 
spasm in the microcirculatory district.31 A study conducted by Montone et al32 demonstrated that in a population of MINOCA, 46 % of 
patients tested positive for coronary vasospasm, with about two-thirds in the epicardial district and one-third in the microcirculation. 

Microvascular Vasospasm. 
Transient transmural myocardial ischemia can occur during a spontaneous or induced angina attack, during which the ECG shows 

ST segment depression, but the epicardial coronary arteries are absolutely intact.33,34 If the provocative test with acetylcholine is 
positive, with the respective electrocardiographic picture, but there is no epicardial spasm, then a diagnosis of microvascular angina 
can be made.35,36 Previous studies37 have highlighted that approximately 16 % of patients with MINOCA present microcirculatory 
vasospasm. 

Coronary Thromboembolism. 
Coronary thromboembolism may represent a mechanism overlapping with atherosclerotic plaque rupture or vasospasm, but it can 

also be the sole mechanism responsible for MINOCA. It is a rare cause of ACS, with an observed incidence of 3 %.38 Excluding iat
rogenic forms, coronary thromboembolic episodes can be distinguished into direct and paradoxical forms.39 Direct forms are char
acterized by the localization of the embolic source in the left sections of the heart: atrium, ventricle, pulmonary veins, endocarditic 
processes involving the mitral and aortic valves, rarely cardiac tumors, and even primary origin in the coronary district, for example, 
from embolization of more proximal coronary aneurysms.40 They represent the most frequent forms, especially those associated with 
atrial fibrillation, responsible for approximately 73 % of all episodes.38 Paradoxical forms presuppose the formation of the thrombus in 
the venous circulation and its subsequent passage into the coronary district through the presence of an intracardiac communication (e. 
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g., patent foramen ovale or atrial septal defect) or extracardiac communication (e.g., pulmonary arteriovenous malformation). 
Criteria, divided into major and minor, have been proposed for the definitive or probable diagnosis of coronary thromboembolism.41 In 
the diagnostic workup, all conditions potentially associated with the development of thromboembolism must be excluded: it is 
necessary to search for the presence of atrial fibrillation and endocarditic processes, which constitute the first and second most 
frequent causes of embolic forms. The presence of hereditary thrombophilic states (factor V Leiden, protein C and S deficiency), both 
acquired (antiphospholipid antibody syndrome and myeloproliferative syndromes), plays a role not yet entirely clarified in the context 
of coronary thromboembolic phenomena.1 A systematic review6 highlighted the prevalence of 14 % of hereditary thrombophilic 
disorders in patients with MINOCA. 

Takotsubo Syndrome. 
Although it can be classified as a form of ACS, there are still doubts about the pathophysiological mechanisms responsible for 

myocardial damage. It is known that hyperactivation of the sympathetic nervous system plays a central role, but how this can cause 
myocardial damage is not yet fully understood: the most plausible hypotheses involve a direct toxic effect of toxins on car
diomyocytes,41 but also an effect mediated by vasoconstriction of epicardial coronary arteries and, especially, of the microcirculation, 
whose dysfunction plays a central role.42 It is precisely these two pathophysiological hypotheses that allow classifying Takotsubo 
syndrome within the MINOCA group.43 The incidence is about 1–3 % of all STEMIs, and approximately 90 % of affected patients are 
postmenopausal women.44,45 Most cases are preceded by a stressful event, and the typical electrocardiographic pattern involves 
ST-segment elevation in the precordial, lateral, and apical leads. Usually, there is a less pronounced increase in myocardial necrosis 
enzymes compared to other forms of ACS.46 Coronary angiography demonstrating the absence of angiographically significant stenoses, 
combined with ventriculography documenting ventricular wall motion abnormalities, represents the diagnostic gold standard. The 
other differential element is the reversible nature of left ventricular dysfunction, which is accompanied by the characteristic absence of 
late gadolinium enhancement (LGE) on cardiac MRI. The prognosis is comparable to other forms of ACS. 

Myocarditis. 
Whether to include myocarditis among the possible causes of MINOCA is still a matter of debate. Some forms of myocarditis with a 

non-diagnostic clinical presentation and in the absence of a complete diagnostic workup may be mistakenly labeled as MINOCA. These 
diagnostic errors obviously have a significant impact on therapeutic and prognostic conclusions, as emphasized in a meta-analysis of 
five studies showing that 33 % of patients included in the MINOCA caseload had evidence of myocarditis on cardiac MRI.47 Several 
authors believe that only certain forms of myocarditis can fall under the MINOCA category, particularly those involving microvascular 
rather than myocardial involvement. In myocarditis, myocardial edema can externally compress the microcirculation, contributing to 
the release of cardiac enzymes due to myocardial flow reduction. However, myocardial damage can also be directly caused by 
components of the immune system following viral infections. Acute myocarditis is predominantly caused by infection with Coxsackie 
virus, adenovirus, influenza viruses, or EBV. Myocarditis forms supported by PVB19 are characterized by dysfunction of the coronary 
microcirculation, resulting in vasoconstriction with consequent cardiac dysfunction.48,49 Characteristic symptoms include chest pain, 
elevation of myocardial necrosis markers, and ST-segment alterations on ECG in the absence of significant vascular stenosis. The gold 
standard for the diagnosis of acute myocarditis is still endomyocardial biopsy; cardiac MRI is used for the diagnosis of viral 
myocarditis, which, as we have said, is most strongly associated with ACS.50 

Criteria and diagnostic pathway of MINOCA (myocardial infarction with non-obstructive coronary arteries) 

To formulate the diagnosis of MINOCA, three diagnostic criteria must be met. 
Firstly, it is necessary to adhere to the criteria of AMI in accordance with the fourth universal definition:  

• Detection of an increase or decrease in cardiac troponins (I or T, including high-sensitivity) with at least one value exceeding the 
99th percentile of the reference limit value.  

• Clinical evidence of infarction, demonstrated by at least one of the following:  
• Symptoms of myocardial ischemia.  
• New electrocardiographic changes suggestive of ischemia.  
• Development of pathological Q waves.  
• Evidence on imaging of new loss of viable myocardium or new alterations in regional contractility compatible with ischemic 

genesis.  
• Identification of an intra-coronary thrombus through angiography or autopsy. 

The other aspect necessary for diagnosis is the performance of coronary angiography. The angiographic examination must 
document the absence of lesions causing narrowing >50% compared to the uninjured epicardial coronary tract. The <50 % cut-off 
value has been arbitrarily defined and is subject to considerable inter- and intra-operator variability. For this reason, some authors 
have suggested the possibility of restricting diagnostic criteria to patients with completely normal coronaries on angiography, an 
occurrence that characterizes approximately half of MINOCA cases. However, this approach is not practicable for several reasons: 
firstly, because the presence of <50 % stenosis does not preclude thrombotic etiology or vasospasm, and secondly, because an 
angiographic finding of normality may still be associated with a significant atherosclerotic component, as documented by analysis with 
intracoronary imaging or coronary CT performed subsequently to coronary angiography in MINOCA-suspected patients. For these 
reasons, the authors of the ESC position paper considered it more appropriate to indicate a cut-off value of ≥50 % to exclude the 
diagnosis of MINOCA. 
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The third and final criterion for diagnosing MINOCA is the absence of specific alternative diagnoses such as myocarditis and 
pulmonary embolism. 

Diagnostic pathway 

The diagnostic pathway used to identify the underlying etiology of MINOCA is complex and based on the execution of various types 
of investigations, each with different accuracy and sensitivity (Fig. 2) 

Clinical history, ECG, cardiac enzymes, echocardiography, coronary angiography, and ventriculography represent first-level in
vestigations to identify the causes of MINOCA. Clinical findings may lead to suspicion of myocarditis (in case of fever or recent in
fections). Echocardiography may suggest embolic causes or Takotsubo disease, which will be confirmed by ventriculography. 
Ventriculography can also indicate an epicardial pattern, in the presence of regional kinetic anomalies limited to the territory of a 
single epicardial coronary vessel, or a microvascular pattern if the functional alteration involves a more extensive territory underlying 
a single vessel. 

However, in many cases, second-level investigations are necessary to define the mechanism of MINOCA. 
IVUS and, more recently, OCT are intracoronary imaging techniques widely used in the diagnosis of MINOCA, each with its 

characteristics and specificities. Table 2 compares the main differences between the two diagnostic techniques, which can highlight 
plaque rupture or erosion in 20–30 % of cases and can also be useful in suspected coronary dissection.51 

Coronary vasomotor function tests (intra-coronary injection of Acetylcholine or Ergonovine) have shown to be safe and capable of 
diagnosing epicardial or microvascular spasm even in the acute phase.52 If myocarditis is suspected, Cardiac MRI is essential both in 
the acute phase, to confirm the diagnosis, and for risk stratification. It may be useful to repeat the MRI during follow-up to more 
accurately assess ventricular function and response to therapy.53 Cardiac MRI is the only method capable of demonstrating myocardial 
edema, which can contribute to myocardial ischemia and subsequent necrosis. 

Transthoracic and transesophageal echocardiography, along with contrast agents, are the mainstays of diagnosis for cardiac 
embolism.54 

Diagnostic confirmation and differential diagnosis 

As previously mentioned, the mechanism responsible for myocardial damage in MINOCA is ischemic in nature. Therefore, it is 
necessary to exclude all causes, both cardiac and non-cardiac, that result in non-ischemic myocardial damage, both acute and chronic. 

Clinical presentation often suggests various diagnoses, and it is not always possible to identify a certain etiological cause. 
The ESC expert panel’s position paper on MINOCA identifies MRI as a key examination in the diagnostic approach to this condition. 

Fig. 2. Diagnostic alghorithm for MINOCA ACh, acetylcholine; CMR, cardiac magnetic resonance; ECG, electrocardiogram; LV, left ventricular; MI- 
CAD, myocardial infarction with obstructive coronary artery disease; MINOCA, myocardial infarction with non-obstructive coronary arteries; OCT, 
optical coherence tomography; SCAD, spontaneous coronary artery dissection. 
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Performing MRI allows diagnostic confirmation of MINOCA and identifies the underlying cause in 87 % of cases, while simultaneously 
excluding other pathologies in the differential diagnosis.55 

The pattern and distribution of contrast medium in delayed acquisitions (LGE) allow differentiation between vascular and non- 
vascular causes:  

- Sub-endocardial or transmural localization with territorial coronary distribution (ischemic pattern) is indeed the consequence of an 
ischemic mechanism. 

- Intra-myocardial or sub-epicardial localization (non-ischemic pattern) recognizes other causes (e.g., myocarditis, cardiomyopa
thies, etc.). 

However, approximately 8–67 % of MINOCA cases show normal findings on MRI, characterized by the absence of ventricular 
kinetic anomalies, edema, or LGE.56 This may depend on various factors such as the time interval between the examination and the 
acute event, the age of the study population, the percentage composition of male/female gender, and the presence of modest diffuse 
fibrosis not identified with standard LGE sequences. 

New signal mapping techniques of myocardial T1 and T2 introduced in recent years may certainly contribute to improving the 
ability to identify areas of pathological myocardium. Indeed, the presence of ischemic-pattern LGE has been reported in only 44 % of 
MINOCA patients analyzed with OCT. When MRI findings are normal, in the absence of another clarifying diagnosis, definitive 
diagnosis remains challenging for the clinician, and empirical treatment is often resorted to.56–58 

Recent studies have focused on identifying and analyzing potential biomarkers to facilitate etiological diagnosis and prognostic 
stratification in ACS. A prospective Japanese study documented the diagnostic and prognostic value of leukocyte Rho-kinase activity in 
the context of vasospastic angina, while in the context of plaque erosion, a key role seems to be played by serum levels of metal
loproteinase and activation of hyaluronic acid metabolism, as evidenced by increased hyaluronidase gene expression. Additionally, 
cystatin-C levels have been found to be higher in NSTEMI cases not associated with endoluminal thrombosis.59–62 

Prognosis of MINOCA patients 

Prognostic data on MINOCA are highly contrasting.63 The Beltrame group shows that all-cause mortality at 12 months is lower in 
MINOCA compared to patients with myocardial infarction and obstructive coronary artery disease (4.7 % vs. 6.7 %).64 However, a 
recent retrospective analysis of patients from the ACUITY study, involving 13,800 patients with moderate-to-high-risk ACS who un
derwent coronary angiography within 72 h, showed that compared to NSTEMI and CAD patients, MINOCA patients had a higher risk of 
one-year mortality (4.7 % vs. 3.6 %), although associated with an increase in non-cardiac deaths (2.1 % vs. 1.2 %), against a higher rate 
of recurrent myocardial infarction and repeated revascularizations in NSTEMI patients at one year.65 

In the VIRGO study, conducted on 2690 patients focused on young presentations (<55 years), MINOCA had a comparable prognosis 
at 12 months compared to patients with MI-CAD and was more prevalent in women.64–66 This study also highlighted that MINOCA 
patients have a higher short-term survival rate than patients with STE-ACS and a similar or worse long-term prognosis.67 

Even more significant are the results obtained from the Swedish SWEDEHEART registry study,68 conducted on 199,163 patients 
with first MI presentation, which showed that 23.9 % of MINOCA patients developed major adverse cardiovascular events (MACE) 
over 4 years of follow-up, with a total mortality rate of 14 %. 

This contradiction in the published literature data may depend on the populations enrolled in the studies, the underlying mech
anism, and the fact that there are high-risk subsets in MINOCA as described below. 

High-risk subsets in MINOCA with epicardial mechanism 

In cases of unstable plaque not evident on angiography but documented with IVUS/OCT, recent data suggest that plaque ruptures 
are associated with a worse prognosis than intact fibrous caps.69 The severity of atherosclerosis is also important, being a predictor of 
worse prognosis in MINOCA as well as high levels of C-reactive protein (CRP) at admission.70 Crea and Libby recently classified the 
mechanisms underlying AMI into:  

• Inflammatory plaque ruptures, characterized by abundant macrophage infiltrate and inflammatory cells.  
• Non-inflammatory plaque ruptures, where a mechanical trigger is the basis of the ruptures;  
• Plaque erosions. 
• Smooth plaques hyperreactive to vasoconstrictor stimuli. Among these, recent unpublished data suggest that inflammatory rup

tures are at higher risk of recurrent events. Therefore, when inflammatory plaque rupture is found underlying MINOCA with 
evidence of local or systemic inflammation, follow-up should be particularly close due to the high risk of atherothrombotic 
recurrences. 

For vasospastic forms, the abnormal response to Ergonovine or Acetylcholine testing is associated with a worse prognosis, both in 
relation to major events (such as death from any cause, cardiac death, re-hospitalization for acute coronary syndrome) and in relation 
to quality of life. The negative prognostic value associated with positive provocative tests seems largely related to the induction of 
epicardial coronary spasm. 

For spontaneous dissections, in-hospital and long-term survival are excellent, despite the reported high risk of acute recurrence (27 

V. Sucato et al.                                                                                                                                                                                                         



Current Problems in Cardiology 49 (2024) 102583

7

% / 5 years).71 

High-risk subsets in MINOCA with microvascular mechanism 

Regarding microvascular spasm, although the prognosis is good in the short term, there are two aspects to consider. The first 
concerns anginal symptoms that may recur, compromising the patientʼs quality of life (up to 36 %, despite the use of Calcium Channel 
Blockers).53 The second aspect concerns long-term prognosis. Microvascular spasm is an expression of microcirculatory dysfunction 
that numerous invasive and non-invasive studies have associated with a non-benign long-term prognosis.72 Microcirculatory 
dysfunction is indeed a negative predictor of adverse cardiovascular events (death, myocardial infarction) and non-cardiac mortality, 
as an expression of systemic risk.73 

Regarding myocarditis, a similar infarct-like pattern has been associated with a better prognosis than non-infarct-like presentation, 
and evidence of LGE (late gadolinium enhancement) as a predictor of adverse prognosis. 

Management of MINOCA patients 

As previously addressed, the term MINOCA should constitute a “working diagnosis,” aimed at identifying underlying causes to 
optimize treatments and promote prevention of further infarction events. We have also discussed the fundamental role of cardiac 
magnetic resonance (CMR) in allowing us to arrive at a definitive diagnosis in about 90 % of cases. However, only 44 % of MINOCA 
patients present with an ischemic pattern on CMR, even when plaque destruction has already been documented on OCT.74,75 

In three observational studies, it has been shown that treatment with ACE inhibitors and ARBs has beneficial effects on the outcome 
of these patients.76,77 The SWEDEHEART study, mentioned in the previous section, showed a 23 % reduction in MACE in patients 
treated with statins, an 18 % reduction in patients treated with ACE inhibitors and ARBs, and a 14 % reduction in patients treated with 
metoprolol (a beta-blocker). No significant reduction in MACE has been demonstrated with dual antiplatelet therapy (DAPT).78 

According to a recent statement from the AHA (American Heart Association), the optimal strategy for correct management of 
patients with MINOCA should include:  

• Supportive care in emergencies.  
• A working diagnosis approach for patient evaluation.  
• Cardioprotective therapy regardless of the underlying cause of MINOCA.  
• Targeted therapies. 

The AHA guidelines primarily focus on evidence of targeted therapies for the cause in the overall treatment of MINOCA, partic
ularly for MINOCA with ischemic presentation.78 Any patient with atherosclerosis, modifiable risk factors for CAD (such as smoking, 
hypertension, diabetes mellitus, and hyperlipidemia), should be aggressively treated through aspirin intake as a treatment for the 
prevention of atherosclerotic plaque erosion, given the similar pathogenetic mechanism to that of AMI-CAD. Recent studies79 con
ducted on patients with AMI have also highlighted an increased benefit from the intake of P2Y12 receptor inhibitors concurrently with 
aspirin. 

For MINOCA patients with vasospastic angina, calcium channel blockers and nitrates are used as first-line treatment. In case of 
refractory forms of vasospastic angina, a combination therapy of dihydropyridine and non-dihydropyridine calcium channel blockers 
or the addition of nicorandil (a potassium channel activator) can be considered. 

In the group of patients with MINOCA due to microcirculatory dysfunction, dipyridamole and ranolazine are indicated, promoting 
vasodilation. Potential benefits can also be obtained from drugs such as imipramine and aminophylline. Physical exercise for cardiac 
rehabilitation plays a very important role in the management of cardiovascular diseases, as it reduces both mortality and possible 
adverse cardiovascular events. He et al79 have demonstrated that engaging in physical activity three times a week, for about 20–30 
min, improves the survival and health of MINOCA patients; therefore, it becomes essential to empower the patient about the benefits of 
consistent physical exercise. 

Currently, there are no studies on the treatment of spontaneous coronary artery dissections (SCAD), however, an observational 
study recommends the use of beta-blockers. The use of DAPT in patients with SCAD is still controversial as it carries an increased risk of 
bleeding. However, a study has suggested the possibility of administering clopidogrel to SCAD patients if the intimal lesion is in a 
prothrombotic stage.80 From a study conducted on 72 patients with Takotsubo syndrome, it emerged that these patients benefit from a 
combination therapy of anti-thrombotic and heart failure therapy for the first two months after the acute event. According to the 
InterTak group, if coronary atherosclerosis is also present, aspirin and statins should be added. 

Declaration of competing interest 

The authors declare that they have no known competing financial interests or personal relationships that could have appeared to 
influence the work reported in this paper. 

V. Sucato et al.                                                                                                                                                                                                         



Current Problems in Cardiology 49 (2024) 102583

8

References 

1. Fatima L, Goyal A, Yakkali S, et al. Precision medicine in myocardial infarction with non-obstructive coronary disease (MINOCA): a comprehensive review. Curr 
Probl Cardiol. 2024;49(2), 102185. 

2. Thygesen K, Alpert JS, Jaffe AS, et al. ESC scientific document group. Fourth universal definition of myocardical infarction (2018). Eur Heart J. 2019;40:237–269. 
3. Agewall S, Beltrame JF, Reynolds HR, et al. Working Group on cardiovascular pharmacitherapy. ESC working group position paper on myocardical infarction 

with non-obstructive coronary arteries. Eur Heart J. 2017;38:143–153. 
4. Lindahl B, Baron T, Erlinge D, et al. Medical therapy for secondary prevention and long-term outcome in patients with myocardical infarction with non- 

obstructive coronary artery disease. Circulation. 2017;135:1481–1489. 
5. Pasupathy S, Air T, Dreyer RP, Tavella R, Beltrame JF. Systematic review of patients presenting with suspected myocardical infarction and non-obstructive 

coronary artery disease. Circulation. 2015;131:861–870. 
6. Smilowitz NR, Mahajan AM, Roe MT, et al. Mortality of myocardial infarction by sex, age, and obstructive coronary artery disease status in ACTION Registry- 

GWTG (Acute Coronary Treatment and Intervention Outcomes Network Registry-Get With the Guidelines). Circ Cardiovasc Qual Outcomes. 2017;10, e003443. 
7. Pedrotti P, Pedretti S, Imazio M, et al. Risonanza magnetica cardiaca: istruzioni per l’uso. Cardiopatia ischemica, malattie del pericardio, aritmie, valvulopatie, 

cardiopatie congenite e masse cardiache. G Ital Cardiol. 2019;20:8–19. 
8. Berger JS, Elliott L, Gallup D, et al. Sex differences in mortality following acute coronary syndromes. JAMA. 2009;302:874–882. 
9. Shaw LJ, Shaw RE, Merz CN, et al. Impact of ethnicity and gender differences on angiographic coronary artery disease prevalence and in-hospital mortality in the 

American college of cardiology-national cardiovascular data registry. Circulation. 2008;117:1787–1801. 
10. Nero D, Agewall S, Daniel M, et al. Personality traits in patients with myocardical infarction with nonobstructive coronary arteries. Am J Med. 2019;132(3): 

374–381. el. 
11. Daniel M, Agewall S, Berglund F, et al. Prevalence of anxiety and depression symptoms in patients with myocardial infarction with non- obstructive coronary 

arteries. Am J Med. 2018 Sep;131(9):1118–1124. 
12. Daniel M, Agewall S, Caidahl K, et al. Effect of myocar- dial infarction with nonobstructive coro- nary arteries on physical capacity and qual- ity-of-life. Am J 

Cardiol. 2017;120(3):341–346. 
13. Gu XH, He CJ, Shen L, Han B. Association between depression and outcomes in Chinese patients with myocardial infarction and nonobstructive coronary arteries. 

J Am Heart Assoc. 2019;8(5), e011180. 
14. Mahajan AM, Gandhi H, Smilowitz NR, et al. Seasonal and circadian patterns of myocardial infarc- tion by coronary artery disease status and sex in the ACTION 

Registry-GWTG. Int J Cardiol. 2019;274:16–20. 
15. Ciliberti G, Coiro S, Tritto I, et al. Predictors of poor clinical outcomes in pa- tients with acute myocardial infarction and non-obstructed coronary arteries (MINO- 

CA). Int J Cardiol. 2018;267:41–45. 
16. Reynolds HR, Srichai MB, Iqbal SN, et al. Mechanisms of myocardial infarction in women without angiographically obstruc- tive coronary artery disease. 

Circulation. 2011;124:1414–1425. 
17. Ouldzein H, Elbaz M, Roncalli J, et al. Plaque rupture and morphological charac- teristics of the culprit lesion in acute coronary syndromes without significant an- 

giographic lesion: analysis by intravascular ultrasound. Ann Cardiol Angeiol (Paris). 2012;61:20–26. 
18. Ammirati E, Veronese G, Cipriani M, et al. Acute and fulminant myocardi- tis: a pragmatic clinical approach to di- agnosis and treatment. Curr Cardiol Rep. 2018; 

20:114. 
19. Arbab-Zadeh A, Fuster V. The myth of the “vulnerable plaque”: transitioning from a focus on individual lesions to ath- erosclerotic disease burden for coronary 

artery disease risk assessment. J Am Coll Cardiol. 2015;65:846–855. 
20. Iqbal SN, Feit F, Mancini GB, et al. Characteristics of plaque disruption by in- travascular ultrasound in women present- ing with myocardial infarction without 

ob- structive coronary artery disease. Am Heart J. 2014;167:715–722. 
21. Niccoli G, Scalone G, Crea F. Acute myocardial infarction with no obstructive coronary atherosclerosis: mechanisms and management. Eur Heart J. 2015;36: 

475–481. 
22. Adlam D, Alfonso F, Maas A, Vrints C, Writing Committee. Europe- an society of cardiology, acute cardiovascular care association, SCAD Study Group: a position 

paper on spontaneous coronary artery dissection. Eur Heart J. 2018;39:3353–3368. 
23. Saw J, Aymong E, Mancini GB, Sed- lak T, Starovoytov A, Ricci D. Nonathero- sclerotic coronary artery disease in young women. Can J Cardiol. 2014;30:814–819. 
24. Ito H, Taylor L, Bowman M, Fry ET, Hermiller JB, Van Tassel JW. Presentation and therapy of spontaneous coronary ar- tery dissection and comparisons of post- 

partum versus nonpostpartum cases. Am J Cardiol. 2011;107:1590–1596. 
25. Saw J, Ricci D, Starovoytov A, Fox R, Buller CE. Spontaneous coronary artery dissection: prevalence of predisposing conditions including fibromuscular dysplasia 

in a tertiary center cohort. JACC Cardiovasc Interv. 2013;6:44–52. 
26. Alfonso F, Paulo M, Dutary J. Endovascular imaging of angiographically invisible spontaneous coronary artery dissection. JACC Cardiovasc Interv. 2012;5: 

452–453. 
27. Tamis-Holland JE, Jneid H, Reynolds HR, et al. American heart association interventional cardiovascular care committee of the council on clinical cardiology; 

Council on cardiovascular and stroke nursing; council on epidemiology and prevention; and council on quality of care and outcomes research. Contemporary 
diagnosis and management of patients with myocardial infarction in the absence of obstructive coronary artery disease: a scientific statement from the American 
heart association. Circulation. 2019;139(18):e891–e908. 

28. Kaski JC, Crea F, Meran D, et al. Local coronary supersensitivity to diverse vaso constrictive stimuli in patients with variant angina. Circulation. 1986;74: 
1255–1265. 

29. Beltrame JF, Crea F, Kaski JC, et al. International standardization of diagnostic criteria for vasospastic angina. Eur Heart J. 2017;38:2565–2568. 
30. Lanza GA, Sestito A, Sgueglia GA, et al. Current clinical features, diagnostic as- sessment and prognostic determinants of patients with variant angina. Int J 

Cardiol. 2007;118:41–47. 
31. Arrebola-Moreno AL, Arrebola JP, Moral-Ruiz A, Ramirez-Hernandez JA, Melgares-Moreno R, Kaski JC. Coronary microvascular spasm triggers transient 

ischemic left ventricular diastolic abnor- malities in patients with chest pain and angiographically normal coronary arteries. Atherosclerosis. 2014;236:207–214. 
32. Montone RA, Niccoli G, Fracassi F, et al. Patients with acute myocardial infarction and non-obstructive coronary arteries: safety and prognostic relevance of 

invasive coronary provocative tests. Eur Heart J. 2018;39:91–98. 
33. Sucato V, Novo G, Saladino A, Evola S, Galassi AR. Coronary microvascular dysfunction. Minerva Cardioangiol. 2020;68(2):153–163. 
34. Sucato V, Novo S, Manno G, et al. L’ischemia in assenza di malattia coronarica ostruttiva (INOCA): l’angina microvascolare e l’angina vasospastica. G Ital Cardiol 

(Rome). 2020;21(12):954–960. 
35. Sucato V, Testa G, Puglisi S, et al. Myocardical infarction with non-obstructive coronary arteries (MINOCA): Intracoronary imaging-based diagnosis and 

management. J Cardiol. 2021;12:32. 
36. Sucato V, Novo G, Saladino A, et al. Ischemia in patients with no obstructive coronary artery disease: classification, diagnosis and treatment of coronary 

microvascular dysfunction. Coron Artery Dis. 2020;31(5):472–476. 
37. Montone RA, Niccoli G, Fracassi F, et al. Patients with acute myocardial infarction and non-obstructive coronary arteries: safety and prognostic relevance of 

invasive coronary provocative tests. Eur Heart J. 2018;39(2):91–98. 
38. Shibata T, Kawakami S, Noguchi T, et al. Prevalence, clinical features, and prognosis of acute myocardial infarction attributable to coronary artery embolism. 

Circulation. 2015;132:241–250. 
39. Raphael CE, Heit JA, Reeder GS, et al. Coronary embolus: an under- appreciated cause of acute coronary syndromes. JACC Cardiovasc Interv. 2018;11:172–180. 
40. Cereda A, Garascia A, Sormani P, et al. Embolic myocardial infarction due to coronary artery aneurysm in a patient with Loeys-Dietz syndrome. EuroIntervention. 

2016;12:61. 
41. Wittstein IS. Stress cardiomyopathy: a syndrome of catecholamine-mediated myocardial stunning? Cell Mol Neurobiol. 2012;32:847–857. 

V. Sucato et al.                                                                                                                                                                                                         

http://refhub.elsevier.com/S0146-2806(24)00222-6/sbref0001
http://refhub.elsevier.com/S0146-2806(24)00222-6/sbref0001
http://refhub.elsevier.com/S0146-2806(24)00222-6/sbref0002
http://refhub.elsevier.com/S0146-2806(24)00222-6/sbref0003
http://refhub.elsevier.com/S0146-2806(24)00222-6/sbref0003
http://refhub.elsevier.com/S0146-2806(24)00222-6/sbref0004
http://refhub.elsevier.com/S0146-2806(24)00222-6/sbref0004
http://refhub.elsevier.com/S0146-2806(24)00222-6/sbref0005
http://refhub.elsevier.com/S0146-2806(24)00222-6/sbref0005
http://refhub.elsevier.com/S0146-2806(24)00222-6/sbref0006
http://refhub.elsevier.com/S0146-2806(24)00222-6/sbref0006
http://refhub.elsevier.com/S0146-2806(24)00222-6/sbref0007
http://refhub.elsevier.com/S0146-2806(24)00222-6/sbref0007
http://refhub.elsevier.com/S0146-2806(24)00222-6/sbref0008
http://refhub.elsevier.com/S0146-2806(24)00222-6/sbref0009
http://refhub.elsevier.com/S0146-2806(24)00222-6/sbref0009
http://refhub.elsevier.com/S0146-2806(24)00222-6/sbref0010
http://refhub.elsevier.com/S0146-2806(24)00222-6/sbref0010
http://refhub.elsevier.com/S0146-2806(24)00222-6/sbref0011
http://refhub.elsevier.com/S0146-2806(24)00222-6/sbref0011
http://refhub.elsevier.com/S0146-2806(24)00222-6/sbref0012
http://refhub.elsevier.com/S0146-2806(24)00222-6/sbref0012
http://refhub.elsevier.com/S0146-2806(24)00222-6/sbref0013
http://refhub.elsevier.com/S0146-2806(24)00222-6/sbref0013
http://refhub.elsevier.com/S0146-2806(24)00222-6/sbref0014
http://refhub.elsevier.com/S0146-2806(24)00222-6/sbref0014
http://refhub.elsevier.com/S0146-2806(24)00222-6/sbref0015
http://refhub.elsevier.com/S0146-2806(24)00222-6/sbref0015
http://refhub.elsevier.com/S0146-2806(24)00222-6/sbref0016
http://refhub.elsevier.com/S0146-2806(24)00222-6/sbref0016
http://refhub.elsevier.com/S0146-2806(24)00222-6/sbref0017
http://refhub.elsevier.com/S0146-2806(24)00222-6/sbref0017
http://refhub.elsevier.com/S0146-2806(24)00222-6/sbref0018
http://refhub.elsevier.com/S0146-2806(24)00222-6/sbref0018
http://refhub.elsevier.com/S0146-2806(24)00222-6/sbref0019
http://refhub.elsevier.com/S0146-2806(24)00222-6/sbref0019
http://refhub.elsevier.com/S0146-2806(24)00222-6/sbref0020
http://refhub.elsevier.com/S0146-2806(24)00222-6/sbref0020
http://refhub.elsevier.com/S0146-2806(24)00222-6/sbref0021
http://refhub.elsevier.com/S0146-2806(24)00222-6/sbref0021
http://refhub.elsevier.com/S0146-2806(24)00222-6/sbref0022
http://refhub.elsevier.com/S0146-2806(24)00222-6/sbref0022
http://refhub.elsevier.com/S0146-2806(24)00222-6/sbref0023
http://refhub.elsevier.com/S0146-2806(24)00222-6/sbref0024
http://refhub.elsevier.com/S0146-2806(24)00222-6/sbref0024
http://refhub.elsevier.com/S0146-2806(24)00222-6/sbref0025
http://refhub.elsevier.com/S0146-2806(24)00222-6/sbref0025
http://refhub.elsevier.com/S0146-2806(24)00222-6/sbref0026
http://refhub.elsevier.com/S0146-2806(24)00222-6/sbref0026
http://refhub.elsevier.com/S0146-2806(24)00222-6/sbref0027
http://refhub.elsevier.com/S0146-2806(24)00222-6/sbref0027
http://refhub.elsevier.com/S0146-2806(24)00222-6/sbref0027
http://refhub.elsevier.com/S0146-2806(24)00222-6/sbref0027
http://refhub.elsevier.com/S0146-2806(24)00222-6/sbref0028
http://refhub.elsevier.com/S0146-2806(24)00222-6/sbref0028
http://refhub.elsevier.com/S0146-2806(24)00222-6/sbref0029
http://refhub.elsevier.com/S0146-2806(24)00222-6/sbref0030
http://refhub.elsevier.com/S0146-2806(24)00222-6/sbref0030
http://refhub.elsevier.com/S0146-2806(24)00222-6/sbref0031
http://refhub.elsevier.com/S0146-2806(24)00222-6/sbref0031
http://refhub.elsevier.com/S0146-2806(24)00222-6/sbref0032
http://refhub.elsevier.com/S0146-2806(24)00222-6/sbref0032
http://refhub.elsevier.com/S0146-2806(24)00222-6/sbref0033
http://refhub.elsevier.com/S0146-2806(24)00222-6/sbref0034
http://refhub.elsevier.com/S0146-2806(24)00222-6/sbref0034
http://refhub.elsevier.com/S0146-2806(24)00222-6/sbref0035
http://refhub.elsevier.com/S0146-2806(24)00222-6/sbref0035
http://refhub.elsevier.com/S0146-2806(24)00222-6/sbref0036
http://refhub.elsevier.com/S0146-2806(24)00222-6/sbref0036
http://refhub.elsevier.com/S0146-2806(24)00222-6/sbref0037
http://refhub.elsevier.com/S0146-2806(24)00222-6/sbref0037
http://refhub.elsevier.com/S0146-2806(24)00222-6/sbref0038
http://refhub.elsevier.com/S0146-2806(24)00222-6/sbref0038
http://refhub.elsevier.com/S0146-2806(24)00222-6/sbref0039
http://refhub.elsevier.com/S0146-2806(24)00222-6/sbref0040
http://refhub.elsevier.com/S0146-2806(24)00222-6/sbref0040
http://refhub.elsevier.com/S0146-2806(24)00222-6/sbref0041


Current Problems in Cardiology 49 (2024) 102583

9

42. Ghadri JR, Wittstein IS, Prasad A, et al. International expert consensus document on Takotsubo syndrome (Part I): clinical characteristics, diagnostic criteria, and 
pathophysiology. Eur Heart J. 2018;39:2032–2046. 

43. Pelliccia F, Sinagra G, Elliott P, et al. Takotsubo is not a cardiomyopathy. Int J Cardiol. 2018;254:250–253. 
44. Schneider B, Athanasiadis A, Stoll- berger C, et al. Gender differences in the manifestation of takotsubo cardiomyopathy. Int J Cardiol. 2013;166:584–588. 
45. Roshanzamir S, Showkathali R. Takotsubo cardiomyopathy a short review. Curr Cardiol Rev. 2013;9:191–196. 
46. Templin C, Ghadri JR, Diekmann J, et al. Clinical features and outcomes of takotsubo (stress) cardiomyopathy. N Engl J Med. 2015;373:929–938. 
47. Tornvall P, Gerbaud E, Behaghel A, et al. Myocarditis or “true” infarction by cardiac magnetic resonance in patients with a clinical diagnosis of myocardial 

infarction without obstructive coronary disease: a meta-analysis of individual patient data. Atherosclerosis. 2015;241:87–91. 
48. Kühl U, Pauschinger M, Bock T, et al. Parvovirus B19 infection mimicking acute myocardial infarction. Circulation. 2003;108:945–950. 
49. Yilmaz A, Mahrholdt H, Athanasiadis A, et al. Coronary vasospasm as the underlying cause for chest pain in patients with PVB19 myocarditis. Heart. 2008;94: 

1456–1463. 
50. Adler Y, Charron P, Imazio M, Badano L, Barón-Esquivias G, Bogaert J, et al. ESC scientific document group. 2015 ESC guidelines for the diagnosis and 

management of pericardial diseases: the task force for the diagnosis and management of pericardial diseases of the European society of cardiology (ESC) endorsed 
by: the European association for cardio-thoracic surgery (EACTS). Eur Heart J. 2015;36(42):2921–2964. 

51. Sucato V, Testa G, Puglisi S, Evola S, Galassi AR, Novo G. Myocardial infarction with non-obstructive coronary arteries (MINOCA): Intracoronary imaging-based 
diagnosis and management. J Cardiol. 2021;77(5):444–451. 

52. Ong P, Athanasiadis A, Hill S, et al. Coronary artery spasm as a frequent cause of acute coronary syndrome: the CASPAR (Coronary Artery Spasm in Patients with 
AcuteCoronary Syndrome) Study. J Am Coll Cardiol. 2008;52:523–527. 

53. Niccoli G, Scalone G, Crea F. Acute myocardial infarction with no obstructive coronary atherosclerosis: mechanisms and management. Eur Heart J. 2014;36: 
475–481. 

54. Pasupathy S, Air T, Dreyer RP, et al. Systematic review of patients presenting with suspected myocardial infarction and non-obstructive coronary arteries 
(MINOCA). Circulation. 2015;131:861–870. 

55. Pathik B, Raman B, Mohd Amin NH, et al. Troponin-positive chest pain with un-obstructed coronary arteries: incremental diagnostic value of cardiovascular 
magnetic resonance imaging. Eur Heart J Cardiovasc Imaging. 2016;17:1146–1152. 

56. Gerbaud E, Harcaut E, Coste P, et al. Cardiac magnetic resonance imaging for the diagnosis of patients presenting with chest pain, raised troponin, and 
unobstructed coronary arteries. Int J Cardiovasc Imaging. 2012;28:783–794. 

57. Laraudogoitia Zaldumbide E, Perez-David E, Larena JA, et al. The value of cardiac magnetic resonance in patients with acute coronary syndrome and nor- mal 
coronary arteries. Rev Esp Cardiol. 2009;62:976–983. 

58. Mahrholdt H, Wagner A, Deluigi CC, et al. Presentation, patterns of myocardial damage, and clinical course of viral myo- carditis. Circulation. 2006;114: 
1581–1590. 

59. Nihei T, Takahashi J, Hao K, et al. Prognostic impacts of Rho-kinase activity in circulating leucocytes in patients with vasospastic angina. Eur Heart J. 2018;39: 
952–959. 

60. Niccoli G, Montone RA, Cataneo L, et al. Morphological-biohumoral correlations in acute coronary syndromes: pathogenetic implications. Int J Cardiol. 2014;171: 
463–466. 

61. Libby P, Pasterkamp G, Crea F, Jang IK. Reassessing the mechanisms of acute coronary syndromes. Circ Res. 2019;124:150–160. 
62. Pedicino D, Vinci R, Giglio AF, et al. Alterations of hyaluronan metabolism in acute coronary syndrome: implications for plaque erosion. J Am Coll Cardiol. 2018; 

72:1490–1503. 
63. Sucato V, Novo S, Rubino M, D’Agostino A, Evola S, Novo G. Prognosis in patients with microvascular angina: a clinical follow-up. J Cardiovasc Med (Hagerstown). 

2019;20(11):794–795. 
64. Safdar B, Spatz ES, Dreyer RP, et al. Presentation, clinical profile, and prognosis of young patients with myocardial infarction with non obstructive coronary 

arteries (MINOCA): results from the VIRGO study. J Am Heart Assoc. 2018;7(13), e009174. 
65. Planer D, Mehran R, Ohman EM, et al. Prognosis of patients with non-ST-segment elevation myocardial infarction and nonobstructive coronary artery disease: 

propensity matched analysis from the acute catheterization and urgent intervention triage strategy trial. Circ Cardiovasc Interv. 2014;7:285–293. 
66. Safdar B, Spatz ES, Dreyer RP, et al. Presentation, clinical profile, and prognosis of young patients with myocardial infarction with nonobstructive coronary 

arteries (MINOCA): results from the VIRGO study. J Am Heart Assoc. 2018;7(13). https://doi.org/10.1161/JAHA.118.009174. pii: e009174. 
67. Andersson HB, Pedersen F, Engstrøm T, et al. Long-term survival and causes of death in patients with ST-elevation acute coronary syndrome without obstructive 

coronary artery disease. Eur Heart J. 2018;39(2):102–110. 
68. Lindahl B, Baron T, Erlinge D, et al. Medical therapy for secondary prevention and long-term outcome in patients with myocardial infarction with nonobstructive 

coronary artery disease. Circulation. 2017;135(16):1481–1489. 
69. Niccoli G, Montone RA, Di Vito L, et al. Plaque rupture and intact fibrous cap assessed by optical coherence tomography portend different outcomes in patients 

with acute coronary syndrome. Eur Heart J. 2015;36:1377–1384. 
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