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ACC  American College of Cardiology

ACEI  Angiotensin converting enzyme inhibitors

ACh  Acetylcholine

ACS  Acute coronary syndrome

ADA   Anterior descending artery

AHA   American Heart Association

AMI  Acute myocardial infarction

ARB   Angiotensin II receptor blocker

ASA   Acetylsalicylic acid/aspirin

CA  Coronary angiography

CAD-AMI Coronary artery disease acute myocardial infarction 

CCTA  Coronary computed tomography angiography

CE  Coronary embolism

CMR  Cardiac Magnetic Resonance Imaging

CN  Calcified nodules

COVID  Coronavirus disease

CFR  Coronary flow reserve

CXA   Circumflex artery

DAPT  Dual antiplatelet therapy

DOAC   Direct oral anticoagulants

ECG   Electrocardiogram

Ergo  Ergonovine

ESC   European Society of Cardiology

FFR   Fractional flow reserve 

GLS  Global longitudinal strain

HIT  Heparin induced thrombocytopenia 

IC   Intracoronary

IM   Intramuscular

IV   Intravenous

IVUS  Intravascular ultrasound

LV  Left ventricle

MBF  Myocardial blood flow 

MINOCA Myocardial infarction with nonobstructive coronary 

arteries

MVD  Microvascular dysfunction

NIRS-IVUS Near-Infrared spectroscopy intravascular ultrasound

NSTEMI Non-ST-segment elevation acute myocardial infarction

NTG   Nitroglycerin

OCT  Optical coherence tomography

PE  Plaque erosion

PET  Positron emission tomography

PR  Plaque rupture

QCA  Quantitative coronary analysis

RCA   Right coronary artery

SCAD  Spontaneous coronary artery dissection 

SPECT   Single photon emission computed tomography

STEMI  ST-segment elevation acute myocardial infarction

TCFA  Thin-cap fibroatheroma

TEE  Transeophageal echocardiography

Tn   Troponin

TTE  Transthoracic echocardiography

TTP  Thrombotic thrombocytopenic purpura

VH  Virtual histology 

VH-IVUS Virtual histology intravascular ultrasound

VITT  Vaccine-induced immune thrombotic 

thrombocytopenia

VP  Vulnerable plaque

Abbreviations 
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INTRODUCTION

1.1 Consensus objective

The objective of this consensus is to guide cardiologists in our country in the recognition of people who suffer 
from an acute myocardial infarction (AMI) with unobstructive coronary artery disease and to recommend tools 
to identify its possible causes. Several working groups belonging to international scientific societies (2016 ESC, 
2019 AHA, and 2019 Dutch Group) (1-3) have established the different etiologies and differential diagnoses, but 
have not given specific recommendations.

1.2 Nomenclature

The guideline nomenclature recommended by the Argentine Society of Cardiology is as follows:
Recommendation class: It estimates the effect size of a treatment based on the risk/benefit, as well as the 

evidence or level of agreement in which a given procedure is effective, ineffective, or dangerous.

Recommendation class. Classification

Level of evidence. Classification

Class I

Class II

Class IIa

Class IIb

Class III

Class A

Class B

Clase C

Evidence and/or general agreement that a certain diagnostic procedure or treatment is beneficial, useful and effective.

Conflicting evidence and/or divergence of opinion about the usefulness or efficacy of the procedure/treatment

Weight of evidence/opinion is in favor of usefulness/efficacy

Usefulness/efficacy is less established by evidence/opinion.

Evidence or general agreement that the treatment is not useful/effective and, in some cases, may be harmful, and its use is discouraged

Data from multiple randomized clinical trials or meta-analyses. Consistency in direction and magnitude of effect

Data from a single randomized clinical trial or non-randomized studies.

Expert opinion consensus or from small studies.

Level of evidence: estimates the certainty and precision of the procedure or treatment effect.

1.3 Definition of infarction. “The revolution of troponins”

The emergence of troponins (Tn) as more sensitive and specific cardiac biomarkers prompted the collabora-
tion of the European Society of Cardiology (ESC), the American College of Cardiology (ACC) and the American 
Heart Association (AHA) to redefine acute myocardial infarction (AMI) using a clinical and biochemical ap-
proach. Patients with elevated and decreased Tn, with at least one value above the upper normal limit in the 
context of myocardial ischemia, should be classified as AMI. Based on these new concepts and findings, the uni-
versal definition of infarction was created and published for the first time in 2000. This regulation encompasses 
all types of AMI but had to be redefined four times given the biomarkers lack of specificity to differentiate the 
ischemic cause, non-ischemic myocardial injury or non-cardiac cause.

Currently, the 4th definition of AMI is in force, emphasizing that, in addition to Tn kinetics, some of the 
following elements should be associated to define AMI and differentiate myocardial injury from myocardial 
ischemia: (4)
- Symptoms (angina, anginal equivalent).
- Electrocardiographic changes (ST-segment elevation or depression, changes in the T wave or new Q waves).
- Imaging evidence with loss of viable myocardium or regional wall motion abnormalities.
- Identification of coronary thrombosis by angiography or pathological anatomy.
 Based on these characteristics, AMI has been classified into 5 types
Type 1

Plaque rupture (PR) or plaque erosion (PE) with atherothrombotic occlusion (STEMI)
Plaque rupture or PE without atherothrombotic occlusion (NSTEMI)

Type 2
 Imbalance between oxygen supply and demand, but without thrombosis.
 Previous coronary artery disease.
 Epicardial and microvascular coronary artery spasm
 Non-atherosclerotic coronary dissection.
 Coronary embolism
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 The remaining types of infarcts are related to sudden death, coronary angioplasty, and myocardial revascu-
larization surgery.

1.4 MINOCA

The 4th definition of AMI incorporates the acronym MINOCA, which represents acute myocardial infarction 
with unobstructive coronary arteries (stenosis <50%) (Table 1). This entity is not new: the finding of AMI with 
“normal coronary arteries” has been known for more than 50 years.

Angiographic clinical syndrome whose pathophysiology is myocardial ischemia

1. Acute myocardial infarction

Increase and decrease of troponins with at least one value above the 99th percentile upper reference limit, 

plus at least one of the following criteria:

a. Myocardial ischemia symptoms

b. New ischemic electrocardiographic changes

c. Pathological Q wave development 

d. Imaging evidence with loss of viable myocardium or new regional wall motion abnormalities.

e. Identification of coronary thrombosis by angiography or pathological anatomy

2. Non-obstructive epicardial coronary arteries:

Defined as the absence of obstructive coronary artery disease (≥50%) of any epicardial coronary vessel

- Normal epicardial coronary arteries

- Mild intraluminal abnormalities (stenosis <30%)

- Moderate atherosclerotic coronary lesions (stenosis >30% and <50%)

3. Alternative diagnoses of myocardial injury that rule out MINOCA

- Sepsis, pulmonary embolism, myocarditis, and aortic dissection, among others

Tabla 1. Criteria for the definition of MINOCA. 4th universal definition of AMI

MINOCA constitutes a clinical angiographic syndrome that, by definition, has different causes, but whose 
pathophysiology must be myocardial ischemia. According to the 4th universal definition the presence of AMI 
and nonobstructive coronary artery disease (<50% or normal coronary arteries) is necessary to diagnose MI-
NOCA. Regarding the causes, it can be due to type I (PR or PE) or type II (spasm, coronary dissection or 
microvascular disease) infarction, and in this context, they must be differentiated from oxygen supply and de-
mand imbalances (hypertensive crisis or tachyarrhythmias). The differential diagnosis with disorders or direct 
damage to the myocardium, such as myocarditis or Takotsubo disease, which can mimic MINOCA, is also very 
important. In this sense, the term MINOCA may also be considered as an operational classification that enables 
triggering algorithms to confirm the infarction or differentiate it from a specific myocardial disease. (Figures 
1-3). This is how the term working diagnosis has been incorporated in the literature, indicating an exhaustive 
work for the diagnosis of MINOCA, ruling out hidden occlusions, coronary dissection or non-cardiac causes. (4) 

Finally, the causes that can produce MINOCA run through the entire coronary tree, including from epicar-
dial coronary arteries to the microcirculation. The latter has the characteristic of representing 70% of myocar-
dial vascular resistance and cannot be observed in coronary angiography (CA), since its diameter is less than 0.5 
mm. Briefly, it is possible to consider the following pathologies that can cause MINOCA:
a)  Epicardial coronary arteries
- Nonobstructive atherothrombotic accident
- Coronary spasm
- In situ thrombosis 
- Coronary embolism
- Spontaneous coronary dissection
b)  Coronary microcirculation
- Microvascular spasm
- Microvascular dysfunction

The complication of an atherosclerotic plaque can produce MINOCA as a consequence of total obstruction 
caused by lysis or distal embolization procedure. In patients with normal coronary arteries, we can only know 
if the cause is due to spasm if it occurs spontaneously or is induced by vasoreactivity tests. Thrombosis, em-
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bolisms, and dissection can present with obstructions <50%, and a differential diagnosis should be made with 
plaque accidents, or else they may go undetected in CA, since they may occlude secondary or distal branches. 
Upon suspicion of this situation, CA should be reviewed again to identify wall motion abnormalities to establish 
which branch has been compromised, and magnetic resonance imaging is the gold standard to detect the in-
farcted area (working diagnosis). A microvascular abnormality can be the cause of MINOCA, both due to spasm 
or inadequate vasodilation; to confirm this situation, we must also resort to different invasive or non-invasive 
tests. Throughout this consensus, each of these topics is thoroughly developed

2. MINOCA EPIDEMIOLOGY: prevalence, risk factors and prognosis

In the 1980s, De Wood reported that approximately 10% of patients who presented with myocardial infarction 
did not have obstructive coronary disease of the epicardial arteries that could justify the event. (5) A systematic 
review by Pasupathy et al. indicates a prevalence of MINOCA of 6%, with a wide range from 1% to 15%. (6) This 
is mainly due to differences in the study populations and heterogeneity in its definition.

Regarding MINOCA etiology, studies with cardiac magnetic resonance imaging (CMR), optical coherence 
tomography (OCT) and vasoreactivity tests begin to suggest the most frequent causes. Using a combination 
of CMR and OCT intravascular evaluation, the etiology of ischemia can be defined in 57.5% to 85% of cases. 
The most frequent causes are plaque accidents (35% rupture, 30% erosion and 2.5% calcium nodule) and, in a 
smaller percentage of patients, spontaneous coronary dissection and isolated thrombosis. (7,8) Moreover, in a 
study in which a vasoreactivity test was performed in patients without evident etiology, the result was positive 
in 46%of cases; with 65% attributable to epicardial artery spasm and 35% to microvasculature spasm. (9) 

The prognosis of patients presenting with MINOCA depends on the underlying cause and is currently under 
very active investigation. The systematic review by Pasupathy et al. reported a better prognosis in patients 
with MINOCA compared with atherosclerotic coronary artery disease acute myocardial infarction (CAD-AMI) 
with in-hospital mortality of 1.1% vs. 3.2% (p=0.001) and mortality at 12 months of 3.5% and 6.7% (p=0.003), 
respectively. (6) On the other hand, the VIRGO registry, showed similar evolutions between patients with and 
without epicardial disease, with mortality of 1.1% and 1.7% at 1 month (p=0.43) and 0.6% and 2.3% at 12 
months (p=0.68), respectively. Furthermore, there is a substantial risk of event recurrence during the follow-
up of MINOCA patients, which is higher than that observed in the general population without cardiovascular 
disease. (10) Approximately 25% of patients with MINOCA experience angina in the following 12 months, a 
frequency similar to that reported in patients with CAD-AMI. (11)

3. INVASIVE STUDIES IN MINOCA (Table 2)

3.1 Transient coronary occlusion produced by rupture, erosion or the presence of calcified 
nodules. OCT and IVUS

Intravascular thrombosis is a central element in the development of acute coronary syndromes (ACS). Some-
times it is a dynamic process, with spontaneous occlusions and reperfusions. 

The substrates on which this thrombosis process develops are usually PR, PE and the presence of calcified 
nodules (CN).

Plaque rupture is the predominant lesion, followed by PE, with variable incidence depending on whether 
they are histopathological studies or those performed in vivo with OCT. (12,13)

The histopathological differences between a ruptured plaque and an eroded plaque are described in Table 1 
of the Supplementary Material.

Nodular calcification is the protrusion of the calcium nodule into the vessel lumen; in angiography, it can 
simulate intraluminal thrombosis; in ultrasound and OCT, the aspect is that of an intravascular convex mass 
with an irregular surface. (14)

The methods for obtaining intravascular images in vivo have allowed expanding the understanding related 
to the ACS pathophysiology in general and of MINOCA in particular.

Intravascular ultrasound (IVUS) is currently the most widely used method and allows obtaining a two-
dimensional image of the artery, with penetration of up to 10 mm and spatial resolution of 100 to 200 microns. 
It provides a good characterization of the plaque, but limits its usefulness in the diagnosis of the accident 
phenotype responsible for the thrombosis. Virtual histology (technologies such as VH-IVUS- or iMap) uses the 
radiofrequency spectral analysis of IVUS to create a tissue map of the plaque with the ability to identify the 
necrotic nucleus, fibroadipose area, fibrous area and calcium.

Optical coherence tomography has higher spatial resolution (10-20 microns), but less penetration, and re-
quires blood displacement during acquisition. Its higher resolution makes it the method of choice for the char-
acterization of vulnerable and complicated plaques in ACS. The complete comparative description of the techni-
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cal characteristics and sensitivity of OCT and IVUS to detect atherosclerotic lesions can be seen in Tables 2 and 
3 of the Supplementary Material. 

In the International Women’s Heart Attack Research Program (HARP) study, women with AMI without 
angiographically significant lesions were prospectively evaluated with CMR and OCT. Optical coherence to-
mography was able to identify a possibly culprit lesion in 46% of cases and the combination of OCT and CMR 
identified the probable cause of MINOCA in 84.5% of cases. (8) 

In the EROSION study, the authors suggest that when the cause of the ACS is PE diagnosed by OCT, a 
stentless dual antiplatelet therapy (DAPT) may be useful in patients in whom, initially, the stenosis is less than 
70%. (15)

More recent evidence suggests a lower coronary vulnerability in patients with STEMI and a responsible le-
sion with PE, which could explain, in part, the better long-term evolution of these patients compared with those 
with a culprit lesion due to PR. (16)

3.2 Spontaneous coronary dissection

Spontaneous coronary artery dissection (SCDA) is a rare cause of ACS, characterized by non-traumatic or iat-
rogenic separation of the coronary artery wall layers. It presents with a calculated prevalence of 1.7% to 4%, 
although in women under 50 years of age, it could represent 25% or more of the cases. (17-19) A significant 
percentage of these patients have moderate stenosis with TIMI 3 flow.

Angiographic diagnosis is not always simple and, in some cases, the arteries may appear pseudonormal. In a 
recent series, the initial presentation as intramural hematoma was the most frequent cause (62%) and TIMI 3 
flow was present in 64% of cases. (20)

Intravascular imaging techniques (IVUS-OCT) can confirm the diagnosis in doubtful cases, but must be 
performed with extreme caution due to the possibility of worsening the trauma on a weakened arterial wall.

3.3 Coronary embolism

Coronary embolism (CE) can be the cause of ACS. A 12-year review of coronary angiographies in patients with 
AMI suggests that it could have a prevalence of up to 3% (21) and its incidence in patients with MINOCA is 
unknown.

The differential diagnosis with thrombosis on a disrupted plaque is difficult. Major and minor criteria 
suggesting the embolic etiology have been postulated. (21) (Table 4 of the Supplementary Material).

3.4 Coronary artery spasm

The definition of coronary spasm has been internationally standardized by the COVADIS group (Coronary Vaso-
motion Disorders International Study Group). Conceptually, it can be defined as the intense vasoconstriction of an 
epicardial coronary artery (>90%) that compromises myocardial flow, accompanied by angina pectoris and transient 
ischemic changes in the ECG that subside with the use of nitrates. (22) (Table 5 of the Supplementary Material).

The spasm can be caused by hyperactivity of the vascular wall to endogenous stimuli, but also, to exogenous 
incentives (cocaine or methamphetamines), and is currently considered to be multifactorial. (23)

A prolonged vasospasm can cause MINOCA. In a study where a vasoreactivity test was performed in pa-
tients with MINOCA without evident cause, the test was positive in 46% of cases (65% epicardial artery spasm 
and 35% microvascular spasm), which suggests that it is a very prevalent mechanism in this disease. (9)

The diagnosis should be suspected in patients with repeated episodes of angina at rest, with a specific pat-
tern (usually nocturnal), especially with ECG showing transient ST-segment elevation, who respond to nitrates. 
Unfortunately, this occurs in the minority of cases and provocative coronary artery spasm testing must be 
used to reach a diagnosis. These tests can be safely performed with intracoronary (IC) acetylcholine (ACh) or 
ergonovine (Ergo) injection, as highlighted in a systematic review of 10 studies involving 9444 patients, where 
no deaths were reported and there was a low incidence of complications, both major (ventricular tachycardia or 
ventricular fibrillation) and minor (transient bradycardia, advanced atrioventricular block or paroxysmal atrial 
fibrillation). Compared with Ergo, ACh showed a significantly higher rate of both major (1.09% vs. 0.15%; p 
<0.001) and minor (5.87% vs. 2.36%; p <0.001) complications. (24) 

3.4.1 Coronary microvascular dysfunction. Microcirculation spasm

Microcirculatory disorders, known as microvascular dysfunction (MVD), can be the cause of MINOCA, both due 
to spasm as inadequate vasodilation, and can be evidenced in the hemodynamic laboratory with an endothelium-
dependent or endothelium-independent test, according to the response to ACh (nitric oxide release from normal 
endothelium) or adenosine (A2 receptor stimulation of the vascular wall smooth muscle), respectively. (25) A 
standardized definition of microvascular angina that includes patients with angina pectoris, unobstructed coro-
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nary arteries, and impaired coronary flow has been established. (26) (Table 6 of the Supplementary Material).
The diagnosis of microvascular spasm is indirect, since coronary microcirculation cannot be visualized due 

to its small diameter (500 μm). If the use of ACh or Ergo testing induces the emergence of myocardial ischemic-
like ECG changes, angina or elevated lactic acid in the coronary sinus, without visible abnormality of the epi-
cardial artery blood flow, diagnosis of microvascular spasm is assumed.

Clinical disorders of coronary MVD have been described, to a large extent, in patients presenting with stable 
angina. (27) Abnormal coronary flow reserve (CFR) is determined by the hyperemic response to vasodilator 
stimuli, such as adenosine IC injection.

Microcirculation disorders can also be measured by slow coronary flow, an angiographic phenomenon that 
can occur spontaneously, and is characterized by a delay in the passage of angiographic contrast; therefore, to 
fill an epicardial coronary vessel at rest, three or more heartbeats (> 25 frames to completely stain with con-
trast a coronary artery) should pass. (28)

In clinical practice, evaluation of epicardial coronary artery spasm and MVD might be more appropriate 
using combined tests.

Coronary MVD can be detected in 30% to 50% of patients with stable chronic angina without significant 
coronary obstructions at CA; (27) however, its incidence as a cause of MINOCA is unknown.

3.4.2 Invasive provocative testing for coronary spasm
Endothelium-dependent vasodilation can be stimulated in different ways, but the most common is ACh infu-
sion, which, under normal conditions and with a healthy endothelium, produces vasodilation by nitric oxide 
release through muscarinic receptors. When there is endothelial damage or nitric oxide synthase is blocked, the 
artery responds to ACh with vasoconstriction by stimulation of muscarinic receptors in smooth muscle, with-
out antagonism due to the absence of nitric oxide. Ergovine works through serotonergic receptors. Different 
mediators can have the potential to cause different responses. Goto et al. demonstrated a similar response with 
both drugs in 134 vessels of 171 patients with stenosis <50%. Concordance was 94% in all vessels. The non-
concordance rate of the right coronary artery was significantly higher than that of the left coronary artery (10% 
vs. 4%; p <0.01). However, ACh caused more diffuse and distal spasms and Ergo caused focal and proximal ones.

The sensitivity of IC Ach injection was 90% in variant angina and the specificity reached 99%. Multivessel 
coronary artery spasm was often observed. (29) Acetylcholine spasm provocative testing replaced intravenous 
injection of Ergo as the standard test for the induction of coronary artery spasm in catheterization laboratories 
in Japan. Intracoronary ACh injection is the gold standard for diagnosing variant angina. This method is used 
to document coronary artery spasm.

3.4.3 Contraindications for the performance of coronary spasm provocative testing
- Stenosis of the left main coronary artery (>50%).
- Three-vessel coronary disease.
- Two-vessel disease with total occlusion.
- Heart failure (New York Heart Association class III or IV).
- Kidney failure (creatinine >2.0 mg/dl).
- Severe bronchial asthma.
- In cases of spontaneous spasm.
- When isosorbide dinitrate has been used to relieve spasms in the coronary artery examined.
- Pregnant women.
- Patients with uncontrolled hypertension.

When using the radial approach to perform a CA, the use of long introducers is recommended to avoid spasm.
A “washout” period of 2 days or more is also suggested for any long-acting calcium and nitrate channel 

blocker, whenever possible, for greater diagnostic accuracy.
The study requires signing an informed consent.

3.4.4 Interpretation of coronary spasm provocative testing
Possible outcomes:
1.  Negative test with vasodilator response: vasodilation without symptoms or changes in the electrocardio-

gram; normal endothelium.
2.  Negative test with vasoconstrictor response: vasoconstriction without symptoms or changes in the electro-

cardiogram; indicative of endothelial dysfunction, especially with the initial dose.
3.  Positive test for epicardial spasm, requires the following three criteria:

• Reproduction of symptoms.
• Electrocardiographic changes suggestive of ischemia, usually 0.1 mV ST-segment elevation or depres- 
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 sion. The emergence of negative U wave has also been described.
• Spasm ≥90% in the luminal diameter of the same arterial segment with respect to baseline value (with  
 previous nitroglycerin administration); it can be focal, multisegmental, or diffuse.

4.  Positive test for microvascular spasm: symptoms and electrocardiographic changes (same as above), but 
without visualization of epicardial coronary spasm.
Formula to measure the stenosis diameter due to coronary vasospasm:
Stenosis diameter=100 - [(ACh-Ergo vasoconstriction/post-NTG diameter) x 100]. Positive result ≥90%. (30)
Use of automated quantitative coronary analysis (QCA) of the vessel diameter is recommended.

3.4.5 Acetylcholine and ergonovine testing. Protocol for their use (see Supplementary Material)

3.4.6 Safety of coronary spasm provocative testing
Performed by experienced groups, Ach and Ergo testing is safe, and in large series with more than 2500 pa-
tients, no major complications have been reported. (31)

In a meta-analysis of several studies with more than 6000 procedures, the rates of major (ventricular ar-
rhythmias, need for cardiopulmonary resuscitation or infarction) and minor (symptomatic bradycardia, tran-
sient atrioventricular block, onset of atrial arrhythmias or air embolism) complications were 1% and 6%, re-
spectively, with no recorded patient death. (24) (Table 11 of the Supplementary Material).

4. NON-INVASIVE STUDIES IN MINOCA (Table 3)

4.1 Echocardiography and cardiac color Doppler in the evaluation of MINOCA

Due to its wide availability, relatively low cost, and absence of contraindications, transthoracic echocardiogra-
phy (TTE) can be used in the initial evaluation of the patient with suspected ACS in the emergency services. 
(33) The main objective of the study is aimed at detecting myocardial left and right ventricular wall motion 
disorders (both regional and global) suggestive of ischemia or necrosis for the differential diagnosis with myo-
carditis, Takotsubo, cardioembolism and non-coronary causes, among others.
 
4.1.1 Coronary microcirculation assessed by Doppler
In patients with MINOCA, evidence of MVD establishes the possible cause of ischemia. From an echocardio-
graphic point of view, coronary circulation can be comprehensively assessed by measuring CFR. (26) This re-
sults from the ratio between diastolic coronary flow velocity at maximum hyperemia and at baseline condition, 
and a value ≥2 is considered normal. It is carried out with high feasibility (greater than 95%) in the middle/
distal portion of the anterior descending artery (ADA), given its proximity to the thoracic wall, and may also 
be performed on the posterior descending artery (60%) and the obtuse marginal artery (circumflex branch) 
in approximately 40% of the examined patients. The induction of hyperemia is carried out with adenosine or 
dipyridamole. It should be noted that this evaluation does not discriminate between macrovascular and micro-
vascular disease. Microvascular dysfunction diagnosis is established when there is a reduction in CFR and an 
undervalued epicardial coronary lesion. (34)

Recommendation Class Level of 
evidence

I

IIa

IIa

IIb

IIa

III

B

B

B

B

B

C

Perform ventriculography in the initial CA to assess wall motion when not evaluated by another method and there are no 

contraindications (heart or kidney failure).

Perform IVUS or OCT in patients with suspected MINOCA at initial diagnostic catheterization to identify PR, PE, or 

thrombosis. (15) (center with availability).

Perform IVUS or OCT to identify PR or PE in patients in whom CMR suggests infarction attributable to epicardial vessel 

involvement. (14,15). 

Due to its higher definition, OCT is preferable to IVUS for the characterization of coronary endothelium. (32)

Perform IC vasoreactivity test in patients with suspected coronary vasospasm, ruling out other causes of MINOCA 

[spontaneous coronary artery dissection (SCAD), thrombosis, or embolism]) 48 h after the index event. (15)

Do not perform vasoreactivity test with LV Ejection fraction <35% or significant left coronary trunk disease (left main 

coronary artery >50% or a main vessel >70%).

Table 2. Recommendations for conducting invasive studies in MINOCA



ARGENTINE JOURNAL OF CARDIOLOGY / VOL 89 Nº 6 / DECEMBER 2021540

Once the acute condition is over, patients with MVD usually present a stress echo response pattern consist-
ing of angina, electrocardiographic changes, absence of wall motion abnormalities and eventual CFR involve-
ment. Lack of myocardial wall motion abnormalities is a consequence of limited and possibly patchy sub-endo-
cardial malfunction, which does not reach a critical mass to produce hypokinesia. (35) It has been postulated 
that speckle tracking longitudinal and circumferential strain of the different myocardial strata may suggest 
microvascular ischemia in patients with dipyridamole stress echo without wall motion disorders, but with elec-
trocardiographic signs of ischemia and symptoms. (36)

Table 12 of the Supplementary Material summarizes the advantages and limitations of echocardiographic 
CFR evaluation.
 
4.1.2 Echocardiography in the study of vascular spasm
In those patients in whom coronary vasospasm is suspected as a cause of MINOCA, it is possible to perform a 
non-invasive study by echocardiography using different stresses: hyperventilation, hyperventilation combined 
with exercise, and hyperventilation combined with cold.

The stress echo test with intravenous Ergo is not endorsed in the main clinical recommendation guidelines 
due to dread of complications, which can eventually be serious, especially refractory coronary spasm. (37)

4.2 Assessment of microvascular coronary dysfunction with nuclear medicine

A substantial proportion of symptomatic patients in the context of non-obstructive epicardial disease present 
MVD as functional substrate, which cannot be diagnosed by studies that provide anatomical information. (38,39) 
Resorting to nuclear cardiology, European guidelines recommend the evaluation of CFR by positron emission 
tomography (PET), with class IIb recommendation, level of evidence B, as a surrogate for MVD. (40) More 
recently, the Society of Nuclear Medicine and Molecular Imaging (SNMMI) guidelines consider as appropriate 
the evaluation of microcirculation by PET in patients with non-obstructive disease and symptomatic precordial 
pain. (41) Positron emission tomography in conjunction with perfusion tracers (N-13 ammonium and Rb-82) 
allows assessment of myocardial perfusion, ventricular function, and quantification of myocardial blood flow 
(MBF) in milliliters per gram per minute. This absolute flow quantification is performed globally, by coronary 
vascular territory and by left ventricular segment. (42) The evaluation of MBF during pharmacological stress 
(adenosine, dipyridamole, regadenoson) and at rest allows the calculation of CFR (CFR=hyperemic MBF/rest-
ing MBF). Coronary flow reserve is a parameter that evaluates the effects of epicardial coronary artery disease, 
diffuse atherosclerotic disease and MVD on myocardial tissue perfusion. Preserved CFR is considered when the 
value is ≥2.5; when it is 2-2.5 it is considered as a gray area and when it is <2 it is assumed as pathological. (43) 
The demonstration of a decrease in CFR is today part of the comprehensive diagnosis of microvascular angina 
in patients with chest pain. (26)

Sympathetic stimulation induced by the cold pressor test preferably indicates the vasodilation of the en-
dothelium-dependent microcirculation. (42) Absolute quantification of MBF at rest and cold could be useful to 
unmask microvascular spasm as a cause of chest pain in patients with non-obstructive CD. An increase in MBF 
greater than 50% in response to cold indicates a preserved endothelial function. (42)

The conventional relative myocardial perfusion technique with single-photon emission computed tomogra-
phy (SPECT) at rest, cold, and dipyridamole provides very little diagnostic information in most patients with 
microvascular angina and is not recommended. (42,44)

Given the possibility of performing an absolute MBF quantification study and calculate CFR or measure the 
response of MBF to cold, we recommend performing these studies in those patients with suspected microvascu-
lar dysfunction as a cause of MINOCA, or who present persistent chest pain, despite optimal medical treatment. 
(45)

4.3 Diagnosis of MINOCA with magnetic resonance imaging and coronary angiography

In patients with presumptive diagnosis of MINOCA, CMR imaging allows a diagnostic approach in 70% of 
cases; the rest have normal studies. On the other hand, it should be noted that the patient with MINOCA who 
presents a normal CMR has a good long-term prognosis. (46)

Cardiac magnetic resonance imaging allows evaluating wall motion abnormalities in cine sequences, the 
presence of myocardial edema in T2-weighted sequences, and the manifestation of inflammation and fibrosis 
at the myocardial level in late gadolinium enhancement (LGE) sequences. T1 mapping images enable injury 
and diffuse fibrosis assessment, and T2 mapping images are more accurate for the quantification of edema than 
traditional T2 sequences. (47)

It is convenient to carry out T2-weighted sequences early, within 2 weeks of the onset of symptoms, before 
the myocardial injury resolves or reverses, in order to increase the diagnostic performance, mainly in myocardi-
tis and Takotsubo syndrome. (48) The presence of LGE and its different distribution patterns at the myocardial 
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level provide the best diagnostic performance of CMR. (1,48)
Coronary computed tomography angiography (CCTA) would be useful when there are doubts about the 

presence of atherosclerosis or coronary artery dissection, as well as to assess the extent and characterization of 
coronary lesions in patients with MINOCA. (3) Non-invasive fractional flow reserve (FFR) assessment is also 
possible by CCTA. (49) Computed tomography angiography findings could select patients suitable for invasive 
techniques such as OCT or IVUS and define the nature of MINOCA. (50)

4.3.1 Acute myocardial infarction
Ischemic lesions are recognized by the presence of wall motion abnormalities (hypokinesia, akinesia, or dyski-
nesia), edema, and subendocardial or transmural LGE in segments related to a coronary territory. (51) Simi-
larly, in the occurrence of lesions with embolic characteristics, the presence of emboligenic sources, such as 
patent foramen ovale, papillary fibroelastoma and myxoma, should be excluded. (52)

4.3.2 Myocarditis
Myocarditis represents 27-33% of patients with suspected diagnosis of MINOCA. (48,53) The modified Lake 
Louise criteria for the diagnosis of myocarditis with the incorporation of T1 and T2 mapping sequences rein-
force the role of CMR imaging, with sensitivity and specificity >90%. (54,55)

In T2- weighted sequences and T2 mapping, edema can be localized or diffuse. Diffuse edema may not be 
visually discernible; therefore, a quantitative intensity signal analysis of the cardiac and skeletal muscle is rec-
ommended, considering as pathological a value >1.9 of the ratio between them or by means of a T2 mapping 
sequence. (56) It is advisable to perform early T2 edema sequences, within 2 weeks, in order to increase the di-
agnostic yield, since the presence of edema is a phenomenon that disappears with the condition resolution. (48)

Late gadolinium myocardial enhancement manifests with two common presentation patterns, intramyocar-
dial with septal predominance, and epicardial/intramyocardial, generally patchy at the level of the left ventricu-
lar lateral wall. (54) As a general rule, the subendocardium is not compromised in patients with myocarditis, a 
fact that clearly differentiates it from fibrosis, which is characteristic of myocardial infarction. (56) T1 mapping 
sequences show myocardial signal prolongation in areas of myocarditis injury. (55)

4.3.3 Takotsubo
Takotsubo syndrome represents 9-11% of patients with initial MINOCA diagnosis. (48,57) In CA sequences, 
hypokinesia or akinesia of the middle and apical segments associated with hyperdynamic basal segments is a 
Takotsubo syndrome characteristic. Another distinctive feature is the absence of perfusion defects at rest and 
with LGE. (58-60)

Recommendation Class Level of 
evidence

I

I

IIa

IIa

IIb

III

I

IIb

B

B

C

C

C

B

B

B

Perform TTE in patients with MINOCA, in order to assess the presence of regional and global wall motion disorders in both 

ventricles and to assess alternative diagnoses (cardioembolism, cardiomyopathies, and acute aortic syndrome, among 

others). (33)

Perform transesophageal echocardiography (TEE) when cardioembolic etiology is suspected as the cause of the MINOCA 

condition and the TTE study is not conclusive in this regard.

In patients with MINOCA and suspected microvascular dysfunction, noninvasive assessment of CFR by TTE is a reasonable 

option. 

In patients in whom vasospasm is suspected as a cause of MINOCA, a stress echocardiogram with hyperventilation and/

or cold may be used to confirm this diagnosis.

In patients with MINOCA or who continue with episodes of chest pain, despite optimal medical treatment, PET or 

SPECT-CZT test (SPECT based on cadmiun-zinc-telluride) induced by intravenous vasodilators (dipyridamole, adenosine, 

regadenoson or benodenoson) is recommended. This constitutes an adequate method to quantify the absolute MBF and 

calculate CFR or determine the response of MBF to cold (endothelial dysfunction). (61)

SPECT is not recommended due to its low sensitivity

Cardiac magnetic resonance is indicated in all patients with MINOCA without a clear underlying cause. (4,6,47,50,52)

Non-invasive CCTA can elucidate hidden causes of MINOCA in conventional CA (SCAD, occult occlusions) and non-

invasively assess FFR. (50,51,62).

Table 3. Recommendations for conducting non-invasive studies in MINOCA
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4.3.4 Cardiomyopathies
Occasionally, cardiomyopathies present as MINOCA, including dilated cardiomyopathy and hypertrophic car-
diomyopathy. (52) Cardiac magnetic resonance would contribute to the differential diagnosis of these entities, 
mainly through morphological evaluation and the presence of LGE.

5. SPONTANEOUS CORONARY THROMBOSIS IN MINOCA

Acute coronary artery thrombosis can be associated with plaque accident (rupture, erosion, ulceration, calcium 
nodule), but it can also occur without evidence of underlying atherosclerotic disease; as we will develop in this 
section. In both cases, intracoronary thrombosis can be related to hypercoagulable conditions (hereditary or 
acquired), which should be suspected and studied, since they may have specific treatment (Table 4).

5.1 Thrombophilias and arterial thrombosis

Thrombophilias are congenital or acquired abnormalities that predispose to the onset of arterial and venous 
thrombotic events.

Hereditary thrombophilias are not uncommon in the general population and are found in 14% of patients 
with MINOCA. (6) They are more frequent in young women and vary according to race and ethnicity. (63) Ex-
amples include factor V Leiden, elevated Von Willebrand factor, protein C or protein S resistance or deficiency, 
and plasminogen activator inhibitor (PAI) polymorphism. (64) The latter has proved to increase the risk of 
coronary artery disease, especially the homozygous 4G4G variant (the heterozygous variant is common in the 
general population). The rest of the hereditary thrombophilias are mostly associated with venous events; hence, 
they should not be studied in arterial phenomena such as MINOCA. (65)

Patients with acquired thrombophilias have a higher prevalence of myocardial infarction (and other arte-
rial or venous thromboses) than the general population; the clinical entity with the greatest physiopathogenic 
weight is the antiphospholipid syndrome. Thrombotic thrombocytopenic purpura (TTP), onco-hematological 
diseases and paroxysmal nocturnal hemoglobinuria also belong to this group, although with a lower prevalence. 
Exposure to heparin should lead to consider the presence of heparin-induced thrombocytopenia.
Since the COVID-19 pandemic, new knowledge is being gained about the prothrombotic effects of coronavi-
rus infection and vaccine-induced thrombotic thrombocytopenia (VITT) on the prevalence and evolution of 
cardiovascular events. (66,67) However, robust conclusions cannot yet be drawn to comment on these find-
ings. (68)

Suspect the presence of acquired or hereditary hypercoagulable disorders in patients with MINOCA with the following characteristics:

- Young patients, especially women without risk factors. 

- Anemia, thrombocytopenia and schistocytes in blood smear (TTP).

- Previous thrombosis, pregnancy complications, stroke, low platelet count or increased KPTT (antiphospholipid syndrome).).

- Previous venous or arterial thromboses (onco-hematological).

- Exposure to heparin and decrease in platelet count (>50% compared to the value before heparin use [heparin-induced thrombocytopenia (HIT)].

- COVID infection or recent vaccination with suspected VITT drugs.

Table 4. Suspicion of hypercoagulable disorders

5.2 Treatment (Table 5)

In the case of suspected or proven IC thrombosis, it is reasonable to continue with double antiplatelet therapy 
for at least one month or until the diagnosis of thrombophilia is completed. Aspirin treatment must remain 
indefinitely.

Anticoagulant treatment with vitamin K antagonists is indicated only in patients with antiphospholipid 
syndrome, in addition to aspirin (INR between 2 and 3). Treatment with direct oral anticoagulants (DOAC) is 
not indicated. (69)
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6. TREATMENT OF MINOCA

The treatment of MINOCA will depend on the underlying disease producing it. The importance of using algo-
rithms to establish the cause is essential. In cases where the etiology of MINOCA has not been confirmed, the 
concept of clinical suspicion (arteries with atherosclerotic disease, COVADIS criteria for epicardial artery spasm 
and microvascular disease) plays an important role for empirical treatment.

6.1 Treatment of specific causes (Table 6)

6.1.1 Atherosclerotic infarction

Given that a high percentage of MINOCA cases have the same pathophysiology as ACS with significant ob-
structive disease, strict and monitored measures to control coronary risk factors (smoking, hypertension, dys-
lipidemia and diabetes) are reasonable to consider and of fundamental importance, as well as the stimulus to 
promote physical activity, weight control and a healthy diet, as established by the consensus on cardiovascular 
prevention of the Argentine Society of Cardiology. (71)

Regarding pharmacological treatment, one of the most internationally recommended drugs in MINOCA is 
aspirin, especially when there is evidence or high suspicion of PE or PR. (1,2,72-74)

Dual antiplatelet therapy is the treatment of choice in ACS. (75,76) On the other hand, the evidence in MI-
NOCA is contradictory, limited, biased and comes from retrospective multicenter European registry analyses 
(SWEDEHEART, Pro ACS) or from post hoc subgroup analyses of randomized studies with populations such as 
that of the CURRENT-OASIS 7 study, where the use of DAPT in 1599 patients with MINOCA showed that even 
with high doses of clopidogrel the risk of major cardiovascular events increased without an increase in bleeding 
(HR 2.74; p=0.033) (77-79).

The Swedish registry SWEDEHEART (77) performed a 4-year evolution analysis in 9136 patients with a 
diagnosis of infarction without coronary obstructions >50%. The use of angiotensin converting enzyme inhibi-
tors (ACEI) or angiotensin II receptor blockers (ARBs) demonstrated an 18% reduction in major cardiovascular 
events (HR 0.82; 95% CI 0.73-0.93), and the use of statins a decrease of 23% (HR 0.77; 95% CI 0.68-0.87). A 
reduction of major cardiovascular events was found with beta-blockers, but without reaching a statistically sig-
nificant difference (14% decrease; HR 0.86; 95% CI 0.74-1.01, p=ns), and with DAPT there were no significant 
differences for the composite endpoint at 1 year (HR 0.90; 95% CI 0.74-1.08). 

In all cases, the use of DAPT should be carefully evaluated given the risk-benefit equation: ischemic risk vs. 
bleeding risk.

In 2021, Nordenskjöld et al. presented the MINOCA-BAT study (79), a multicenter, prospective, rand-
omized, controlled and open-label study that will attempt to evaluate in a 2 x 2 factorial design the usefulness 
of beta-blockers and ACEI/ARBs to reduce the composite endpoint of all-cause mortality, infarction readmis-
sion, stroke, or heart failure in the follow-up of patients without left ventricular dysfunction or heart failure 
during hospitalization.

6.1.2 Infarction of non-atherosclerotic causes

6.1.2.1 Vasospastic angina

In vasospastic angina, suspension of tobacco use and maintenance of adequate control of blood pressure, glyce-
mia, lipids and body weight should be recommended. (37)

Nitrates are the drugs of choice and calcium blockers, alone or in combination with nitrates, are used in 
cases of refractory episodes to monotherapy. An average dose of 240-360 mg/day of verapamil or diltiazem, or 
40-60 mg day of nifedipine, prevents 90% of coronary spasm. 

Recommendation Class Level of 
evidence

I

I

IIa

I

III

C

B

C

B

B

In case a hypercoagulable state is suspected, refer the patient to a hematology specialist for study and indication of 

anticoagulant and other specific treatment, when appropriate. 

The study of procoagulant factors should be performed at least 12 weeks after the acute event and should include at least 

the 3 tests associated with the antiphospholipid syndrome and PAI polymorphism. (70)

In patients with suspected spontaneous coronary thrombosis, DAPT (ASA+P2Y12 inhibitors) should be indicated, from the 

acute phase until completing the thrombophilic studies

In patients with antiphospholipid syndrome, anticoagulation with vitamin K antagonists should be initiated. (69)

The use of DOAC is not indicated (69)

Table 5. Recommendations for the performance of studies and treatment in patients with suspected or confirmed hypercoagu-
lable disorders
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Beta-blockers are not recommended in this type of angina, because by blocking the beta-effect the alpha-
vasoconstrictor effect can be released. (80)

6.1.2.2 Microvascular angina 
Microvascular angina has different mechanisms. The BHF CorMicA study (British Heart Foundation Coronary 
Microvascular Angina) study (45), analyzed in a population of patients with ischemia and non-obstructive coro-
nary artery disease (INOCA), whether a treatment stratified according to the coronary physiology studied inva-
sively improves the quality of life vs. standard treatment. The population with microvascular disorder was treated 
with beta-blockers (nebivolol), changes in lifestyle, statins and ACEI, and patients with vasospastic angina were 
treated by encouraging smoking cessation and lifestyle changes, together with use of calcium blockers and long-
acting nitrates. The response at 6 months was a significant reduction in anginal events and a significant increase 
in quality of life, which suggests that the invasive evaluation of coronary physiology and the pathophysiological 
understanding of symptoms allow personalized treatment (precision medicine) with improved quality of life.

The REACH registry (81) found no benefits in the prolonged use of beta-blockers, both in patients with pre-
vious infarction as in patients with coronary artery disease without previous infarction and patients with car-
diovascular risk factors. Statins could have a protective mechanism through their action on the endothelium. 
Calcium blockers present an erratic response. In some studies, they have shown benefit, probably due to the 
mixed behavior of vasoconstriction at microvascular level. Nitrates, despite being of some use at the moment of 
angina, are usually poorly tolerated in these patients.

Angiotensin-converting enzyme inhibitors/ARBs deserve a special mention. Studies from the 1990s, such 
as the one by Kaski et al. (82), showed the beneficial effects of these drugs by reducing events in patients rec-
ognized at that time as syndrome X. The mechanism is not entirely clear. One of the hypotheses would be that 
these drugs could improve microvascular function by counteracting the vasoconstrictor effect of angiotensin II.

Regardless of treatment duration, and although not determined on the basis of data from randomized stud-
ies, some registries show a tendency to symptom reduction after 6 months of the event, so it would be prudent 
to maintain treatment and reevaluate it upon completion of that period, according to each case.

6.1.2.3 Coronary artery dissection
Once the diagnosis of SCAD has been made, conservative treatment should be preferred (based on expert opin-
ion). (83-86) Routine recurrent coronary angiography should be avoided at follow-up, since the benefit does not 
outweigh the potential risks (iatrogenic dissections). Extracoronary arterial imaging studies are recommended 
given the association with fibromuscular dysplasias in other territories.

There are no guidelines regarding the optimal medical management of SCAD. There is favorable evidence 
for the use of beta-blockers. (84)

6.1.3 Second-line or elective antianginal therapies
Trimetazidine, ranolazine (both available in the country), and nicorandil (not available in the country) are 
drugs with less evidence on hard endpoints in MINOCA (87-91). The meta-analysis by Zhu et al. has reported 
that ranolazine and nicorandil could have beneficial effects on myocardial perfusion reserve index and micro-
vascular resistance index in patients with MVD. (92) In any case, they constitute alternatives that could be 
indicated in steps, in refractory cases to the aforementioned first-line medications. The evidence is even less 
firm in the case of other drugs such as aminophylline or dipyridamole, explored with little evidence in stable 
coronary conditions and minimal in MINOCA.

Recommendation Class Level of 
evidence

I

I

I

IIa

IIa

IIa

C 

B

B

C

C

C

Suspicion or evidence of PR or PE: start with antiplatelet drugs, according to the national guidelines for ACS. (75,76)

Intensive-dose statins in all patients with MINOCA. (77)

In cases of evidence or high suspicion of epicardial coronary artery vasospasm or microvascular spasm, the use of calcium 

blockers (diltiazem, verapamil) and nitrates (intravenous and oral) is recommended. (93-97)

In cases of evidence or high suspicion of MVD, the use of beta-blockers (nebivolol), calcium blockers, statins, and ACEI and 

ARBs is recommended, except for contraindications or intolerance.

In patients with microvascular dysfunction not responding to the above recommendations, treatment with trimetazidine 

or ranolazine is recommended.

In cases of SCAD, beta-blockers along with aspirin are recommended.

Table 6. Treatment of MINOCA (thrombosis in a specific section)

MINOCA: Myocardial infarction with non obstructive coronary arteries. ACEI: Angiotensin converting enzyme inhibitors. 
ARBs: Angiotensin II receptor blockers
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Segmental wall motion 
abnormality 

Atrial fibrillation 
Endocarditis

Tumors 

Global wall motion 
abnormality 

Typical 
Takotsubo 

pattern

Normal wall motion

MINOCA (4th Universal definition of AMI) 

Magnetic Resonance (IB)
Manifest Ischemia
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Takotsubo

Myxoma, atrial or ventricular 
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Coronary angiography review (“Working Diagnosis”) 
It allows detecting the ischemic MINOCA etiology in some patients 

Example: spontaneous coronary dissection, coronary branch occlusion undetected in the initial study, 
thrombosis or embolism (history of AF, endocarditis o hemostasia disorders).

Fig. 1. Algorithm for the diagnosis of MINOCA

Fig. 2. Diagnosis of the cause of MINOCA according to center possibilities

MINOCA: Myocardial infarction with non obstructive coronary arteries. AMI: Acute myocardial infarction. CA: Coronary angiography. 
PFO: Patent foramen ovale.

Scenario A: Center with OCT/IVUS possibility
Scenario B: Center without possibility of performing intracoronary imaging studies

CA: Coronary angiography. ACS: Acute coronary syndrome. OCT: Optical coherence tomography. IVUS: Intravascular ultrasound
MINOCA: Myocardial infarction with non obstructive coronary arteries

Scenario A (centers with OCT 
and/or IVUS)

Scenario B (centers without OCT and/
or IVUS) (Suspected vasospasm )
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7. FUTURE PERSPECTIVES

The definition of MINOCA as a syndrome has enabled to encompass a series of acute coronary diseases of 
ischemic origin that cannot be explained by the classic coronary obstruction of atherosclerotic cause. The sim-
plicity and complexity of this pathology lies in following the diagnostic algorithms, in order to determine the 
underlying cause that produces it. There is no doubt that the development of imaging techniques has been able 
to consolidate the diagnosis of this pathology. At present, in medicine in general and particularly in cardiol-
ogy, diagnostic imaging constitutes the new paradigm. Today, CMR and OCT allow confirming the diagnosis 
of patients with MINOCA and differentiate them from diseases specific of the myocardium. By performing IC 
imaging studies, the etiology of AMI can be established and the correct treatment adopted.

In the future, these tools should be used systematically to determine the etiology of MINOCA. Undoubtedly, 
with time, these techniques will improve and make the diagnosis even easier.

This consensus is the cornerstone for the adequate future study of patients with MINOCA in health centers 
and systems of our country that incorporate the appropriate algorithms and highly complex technologies, and 
also for the creation of reference centers specialized in this issue. Moreover, the need to perform vasoreactivity 
tests in the catheterization lab and the availability of drugs such as ACh should also be emphasized.

Finally, there is need to increase the evidence with randomized studies to provide scientific support to the 
treatments, according to the etiology causing MINOCA.

Coronary microcirculation constitutes a very complex chapter of coronary disease, which must be studied 
thoroughly and systematically to better understand its pathophysiology, diagnosis, and therapy.

8. LIMITATIONS

At present, many limitations can be observed in this consensus, both in terms of recommendations as in the 
real possibilities of carrying out the studies that are proposed. However, this situation does not only occur in 
our country, but also in developed countries, given that only in recent years the term MINOCA has been incor-
porated in a systematic way. Nevertheless, we have made a great effort and have a strong commitment to ad-
vance algorithms and recommendations that, undoubtedly, can and should be improved for the reasons already 
explained. Moreover, we have considered the deficit of highly complex equipment and we gave priority to the 
Argentine reality, assembling two assessment scenarios to the detriment of the ideal for the possible.

9. CONCLUSIONS

MINOCA (infarction without obstructive coronary disease with stenosis <50%) is an AMI with around 6% 
prevalence. This entity is more frequent in young, female patients compared with infarctions with atheroscle-

Fig. 3. Algorithm for the diagnosis of MINOCA

Coronary circulation spasm or coronary flow reserve assessment

PET: Positron-emission tomography

Doppler Echocardiogram PET

Cold or 
hyperventilation

Coronary flow reserve assessment
Drug-induced hyperemia: 
dipyridamole, adenosine, regadenoson 
or binodenoson

Coronary circulation 
spasm

Microvascular dysfunction
(coronary flow reserve)
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rotic obstructive coronary disease. This AMI category has been incorporated into the 4th universal definition 
of infarction. It is a clinical-angiographic syndrome, since the diagnosis requires sine qua non a coronary angi-
ography and determining the ischemic cause. High troponin levels do not indicate the ischemic cause and can 
increase due to myocardial inflammation (myocarditis) or extracardiac causes, such as pulmonary embolism; 
therefore, CMR imaging is a fundamental tool when the underlying cause is not evident. The origin of coronary 
ischemia requires a diagnostic process, “working diagnosis”, in which the angiography is reevaluated, looking 
for spontaneous coronary dissection or total obstruction of coronary branches that went unnoticed in a first 
instance. It may also require intracoronary studies (OCT/IVUS) to know whether it is of atherothrombotic ori-
gin, due to in situ thrombi or cardioembolism. In the case of normal coronary arteries or absence of thrombus, 
demonstration of epicardial or microcirculatory coronary spasm will require invasive or non-invasive vasoreac-
tivity testing. Similarly, microcirculatory evaluation with endothelium-independent (adenosine) or endotheli-
um-dependent (ACh or cold test) hyperemia testing can provide additional data, which can help to choose the 
correct therapy.

Treatment should be directed to the cause that originated MINOCA. If there is an atherothrombotic cause, 
antiplatelet therapy is used according to the corresponding guidelines. Statins appear to improve the outcome 
and are routinely recommended. In the event that calcium antagonists is diagnosed, calcium antagonists are the 
drugs of choice. Angiotensin converting enzyme inhibitors/ARBs and beta-blockers (nebivolol) are recommend-
ed in patients with coronary microcirculation dysfunction. Conservative treatment is suggested in patients with 
SCAD. In patients with prothrombotic risk factors, antiplatelet or anticoagulation drugs are indicated.
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