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Introduction

The term "acute myocardial infarction" (AMI), which is used to describe a
heart attack. When there are signs of heart muscle injury and necrosis in a
context consistent with myocardial ischemia, the diagnosis of AMI is made
[1-4]. There are two main categories of AMI: STEMI and non-STEMI.
STEMI is used to describe patients with persistent chest pain and ST-
segment elevation, while non-STEMI refers to patients without ST-segment
elevation. AMI can also be classified into different types based on the cause
and prognosis. One such type is "myocardial infarction with non-obstructive
coronary arteries" (MINOCA), which occurs in the absence of significant
coronary stenosis. This type of AMI was first described over 75 years ago
and has been confirmed in several large studies, with up to 14% of AMI cases
being MINOCA [5-8]. This type of AMI represents a diagnostic and
therapeutic challenge, as many patients are discharged without a clear
explanation for their symptoms [9-12].

Epidemiology

The prevalence of MINOCA (Myocardial Infarction with Non-Obstructive
Coronary Arteries) in patients with M1 (Myocardial Infarction) ranges from
1-15% depending on the studied population [9,10,13]. Studies such as
ACTION Registry-GWTG, ANZACS-QI trials, COAPT, MINOCA-TR
registry, GENESIS-PRAXY ftrials, and ORPKI registry have reported a
MINOCA prevalence of 5.9%, 10.8%, 5.8%, 6.7%, 8.2%, and 7.8%
respectively [14-17] The NZACS-QI registry reported a higher MINOCA
prevalence of 15% in the New Zealand population [18].

Definitions

The diagnosis of Myocardial Infarction with Non-Obstructive Coronary
Arteries (MINOCA) is made in patients with a heart attack who meet the
following criteria [19].

Myocardial Infarction:

»  There must be evidence of an increase or decrease in cardiac
troponin levels with at least one value above the 99th percentile
upper reference limit

«  Clinical evidence supporting the diagnosis of a heart attack,
including symptoms of ischemic heart disease, new
electrocardiographic changes, pathological Q waves, evidence
of loss of viable myocardium, or evidence of a coronary
thrombus

Non-Obstructive Coronary Arteries:

»  The angiography must show no obstructive disease (no stenosis
greater than or equal to 50%) in any major epicardial vessel

e This includes patients with normal coronary arteries, mild
luminal irregularities, or moderate coronary atherosclerotic
lesions

No Alternative Diagnosis:

*  The diagnosis must rule out alternative causes such as sepsis,
pulmonary embolism, or myocarditis
»  Specific Causes of MINOCA

Atherosclerotic causes of myocardial necrosis

Plaque instability: Approximately 40% of MINOCA is caused by plaque
rupture [1], plaque rupture and erosion are suspected in MINOCA patients
with signs of coronary atherosclerosis on angiography: plaques causing
stenoses <50%, authors here recommend that, if available, OCT or IVUS
imaging be performed in these patients

Non-atherosclerotic causes of myocardial necrosis

1. Epicardial coronary vasospasm: Found in 16 to 74% of patients
[2]. An intracoronary stimulation test is needed to diagnose
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coronary artery spasm. Ergonovine or acetylcholine (ACh) is
generally used to stimulate coronary artery spasm. Coronary
provocation tests are not systematically performed, as they are
considered potentially dangerous. Otherwise performed post-
discharge (up to 6 weeks after an MI)

2. Coronary microvascular dysfunction: Can be detected in 30 to
50% [3]. The coronary microcirculation (vessels <0.5mm in
diameter) is not easily visualized on angiography. Microvascular
dysfunction can potentially contribute to the pathogenesis of
MINOCA

3. Coronary embolism/thrombosis: A coronary thrombosis or
embolism leads to MINOCA if it is suspected. Thrombophilia
screening yields positive results in about 14%.

4. Spontaneous coronary artery dissection (SCAD): Is a relatively
rare non- atherosclerotic mechanism of MI; however, it is a
frequent cause of MI in women under 50.

5. Inadequacy between supply and demand: Type 2 myocardial
infarction in MINOCA patients is posed when a plausible cause
exists (for example, tachycardia, anemia, hypotension,
thyrotoxicosis)

Prognosis

The prognosis of patients with MINOCA depends on the underlying cause
and is currently under active investigation. Most studies have shown that
MINOCA patients have better outcomes than their counterparts with
obstructive coronary artery disease [9,10].

Study Design: Study Protocol

Background

Atherosclerosis is the most important etiology of acute myocardial ischemia,
which manifests as significant coronary stenosis during coronary
angiography. However, there is an entity that does not have significant
coronary stenosis as seen on coronary angiography (healthy coronary
network or location of a stenosis of less than 50%), known in the literature
by the name MINOCA (myocardial infarction with non-obstructive coronary
arteries), with a prevalence of between 6% and 14% of patients with acute
myocardial infarction (AMI) [10,11]:

*  +What is the frequency of this entity in the population of AMI
patients hospitalized in the cardiology department at the CHU of
Tlemcen?

»  What is the epidemiological, clinical profile and prognosis of
this MINOCA population?

* Do these patients differ from those who have obstructive
coronary artery disease?

*  What are the mechanisms of this MINOCA pathology

Objectives:
The study aims to:

» Describe the epidemiological, clinical and prognostic
characteristics of patients with myocardial infarction without
significant stenosis of coronary arteries.

e Compare the epidemiological, clinical, and prognostic
characteristics of this population with those with obstructive
coronary artery disease.

»  Determine the causes of this MINOCA population.

Population And Methods

Study type: Observational,
progressive recruitment study.

Study population
Inclusion criteria:
The inclusion criteria for the study are as follows:

descriptive, prospective, monocentric,
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«  Patients presenting with symptoms compatible with acute
myocardial infarction (AMI) based on universal AMI criteria

»  Coronary arteries without significant stenosis as defined by the
absence of >50% stenosis in the responsible coronary artery

* No clinically apparent specific cause for the clinical
presentation. The universal AMI criteria include:

«  Detection of an increase or decrease in cardiac troponin levels

with at least one value above the 99th percentile reference limit

Clinical evidence supporting the infarction, as shown by at least

one of the following:

Symptoms of myocardial ischemia

New ischemic electrocardiographic changes

Development of pathological Q waves

Imaging evidence of new loss of viable myocardium or new

regional wall motion abnormality in a pattern consistent with an

ischemic cause

e. ldentification of a coronary thrombus by angiography or
autopsy.

Exclusion Criteria:

»  Cases of tako-tsubo or evident myocarditis at admission

»  Exclusion Criteria:

«  Patients who received thrombolytics before the coronary
angiography was performed

*  Recruitment location and period:

oo
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*  Subjects were recruited in a progressive manner at the coronary
angiography unit of the cardiology department at the CHU
Tlemcen.

*  We included all patients hospitalized for ACS from throughout
the Tlemcen province.

»  The work took place over a three-year period from January 2018
to December 2020.

Parameters and study protocols
Methods

This is a descriptive, single-center, prospective, observational study
conducted in the cardiology department of CHU Tlemcen over a period of
36 months from January 1, 2018 to December 31, 2020. A questionnaire was
completed for each patient. The variables studied

were collected from pre-coronary angiography forms and medical records of
the patients using a data collection. The follow-up of these patients was
performed through physical exams and telephone conversations.

Statistical analysis

Data analysis was performed using the SPSS software

Study Results

THE FREQUENCY of MINOCA: figure 1

60 ases of MINOCA out of 585 cases of AMI >>>> So 10.25%

EMINOCA
MI-CAD

Figure 1

Comparative analytical study of the MINOCA population with the acute myocardial ischemia with obstructive coronary arteries (mi-cad) population:

Gender distribution MINOCA versus MI-CAD: figure 2
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Figure 2
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No significant difference was found between the MINOCA and MI-CAD population based on gender (P=0.297).

Breakdown by mean age MINOCA versus MI-CAD: figure 3
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Figure 3

No significant difference was found between the MINOCA and MI-CAD
populations based on gender (P=0.297). The MINOCA population was
found to be younger compared to the MI- CAD population, with an average

age of 49.35 years for MINOCA and 59.81 years for M- CAD (P = 0.0001).
Comparison according to the frequency of conventional risk factors between
the MINOCA and MI-CAD population: figure 4
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Figure 4

The study found that hypertension was more commonly found in the MI-
CAD population compared to the MINOCA population, but the difference
was not significant (P=0.066). Diabetes was more frequently found in the
MI-CAD population compared to the MINOCA population, and the
difference was significant (P=0.023). Dyslipidemia was more commonly
found in the MI-CAD population compared to the MINOCA population, but
the difference was not significant (P=0.087). Smoking was more frequent in
the MINOCA population compared to the MI-CAD population, and the
difference was significant (P=0.001). Obesity was more frequently found in
the MINOCA population compared to the MI-CAD population, but the
difference was not significant (P=0.088). Coronary hereditary was more
commonly found in the MI-CAD population compared to the MINOCA

population, but the difference was not significant (P=0.164). History of Ml
was more frequent in the MI-CAD population compared to the MINOCA
population, and the difference was significant (P=0.001). History of angina
was also more frequent in the MI-CAD population compared to the
MINOCA population, and the difference was significant (P=0.008). The
study concluded that diabetes, history of MI, and history of angina are more
common in the MI-CAD population compared to MINOCA, but smoking is
the only risk factor that is more common in the MINOCA population
compared to MI-CAD.

Comparison according to the frequency of unconventional risk factors
between the MINOCA and MI-CAD population: figure 5
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Figure 5
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Depression, stress, and drug use were found to be more common in the
MINOCA population compared to the MI-CAD population with a significant
difference (P=0.000). A history of deep vein thrombosis was also found to
be more common in the MINOCA population compared to the MI-CAD
population with a significant difference (P=0.025). A history of autoimmune
disease was also found to be more common in the MINOCA population
compared to the MI-CAD population with a significant difference (P=0.000).

Copy rights@ Gehan Magdy

However, there was no significant difference found in the history of
dysthymia between the two populations (P=0.962). A sedentary lifestyle was
found to be more common in the MI-CAD population compared to the
MINOCA population with a non-significant difference (P=0.088).

The distribution according to the indication of the urgent coronary
angiography in MINOCA versus MI-CAD: figure 6
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Figure 6

The NSTEMI are more represented in the MI-CAD population versus
MINOCA with a significant difference P=0.000, while STEMI are more
commonly found in the MINOCA population versus MI-CAD also with a
significant difference P=0.000.

Distribution Based on Prognostic Factors MINOCA vs. MI-CAD

Recurrence: figure 7
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Figure 7

The MINOCA population has a lower risk of recurrence than the MI-CAD population, 6.7% versus 10.45% with a significant difference, P=0.03. The return-

to-work MINOCA versus MI-CAD: figure 8
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Figure 8
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73.3% of MINOCA patients have returned to work, compared to only 56.6%
of MI-CAD patients who have returned to work, with a significant
difference, P=0.013.
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mortality
The mortality: figure 9
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Figure 9

The mortality rate in MI-CAD patients is 4.6% versus 0% in MINOCA
patients with a significant difference, P=0.007.

Etiological Study:

An etiological evaluation was performed on 52 patients through a cardiac
MRI and a thrombophilia evaluation on 40 patients.

Results: figure 10

1. Instability of the plaque, embolism, and microvascular
dysfunction was found in 33% of patients and was evidenced by
focal sub-endocardial ischemia on cardiac MRI.

2. Hypercoagulability was found in 10% of patients, with 3 cases
of antiphospholipid syndrome, 1 case of protein S and C
deficiency, and 2 cases of lupic antibodies.

3. Vasospasm was found in 3% of patients, with spasms of a
coronary artery detected after an intracoronary Risordan
injection.

4. Spontaneous dissection of a coronary artery was found in 2% of
patients and was evident on coronary angiography with good
clinical evolution without any intervention.

5. Myocarditis was found in 3% of patients after a cardiac MRI and
diagnosis was unclear at the time of inclusion.

6. COVID-19 infection was found in 12% of patients who were
diagnosed during the infection.

7. Undetermined diagnoses were found in 37% of patients due to
difficulty accessing complementary exams.

MW Instability of the plague

m Hypercoagulability

W \asospasm
Spontaneous dissection

N Undetermined

H Covid 19

m Myocarditis

Figure 10

Discussion:

In our study, we aimed to compare the characteristics of MINOCA
(Myocardial Infarction with Non-Obstructive Coronary Arteries) and MI-
CAD (Myocardial Infarction with Obstructive Coronary Arteries) patients
and identify any differences between the two groups.

Demographic Data:

In our study, we found that the mean age of MINOCA patients was 57.36 +
10.26 years, while the mean age of MI-CAD patients was 55.17 + 9.16 years,
with no significant difference between the two groups (P = 0.123).
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Traditional Risk Factors:

A systematic review by Pasupathy S et al, including the VIRGO study and
other studies, showed that MINOCA patients have a lower prevalence of
dyslipidemia compared to their SCA counterparts with obstructive coronary
artery disease [10,11]. Other traditional coronary artery disease risk factors,
such as hypertension, diabetes, smoking, and a family history of myocardial
infarction, are less frequent in MINOCA patients [11].

Non-Conventional Risk Factors:
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In our study, we found that depression, stress, drug use, previous DVT and
autoimmune disease history were more frequent in the MINOCA population
compared to MI-CAD, with a significant difference, but there was no
significant difference between the two populations for other factors
(sedentary lifestyle and hypothyroidism history).

Previous studies have shown the same results: The VIRGO study showed
that MINOCA patients had fewer traditional cardiac risk factors but more
often had risk factors such as previous drug use, hypercoagulability
syndrome, venous thromboembolism and autoimmune diseases [11]. Daniel
M et al, reported in a study that anxiety and depression were also frequent in
MINOCA patients compared to IMA patients with obstructive coronary
artery disease [20,21].

Clinical Presentation:

In our study, we found that NSTEMI (Non-ST Segment Elevation
Myocardial Infarction) was more represented in the MI-CAD population
compared to MINOCA, with a significant difference (P = 0.000), while
STEMI (ST Segment Elevation Myocardial Infarction) was more found in
the MINOCA population compared to MI-CAD, also with a significant
difference (P = 0.000). However, Pasupathy S et al reported in a systematic
review that STEMI and NSTEMI had similar ratios in patients [10].

Prognostic Factors
Recurrence:

In our work, we found a 12-month recurrence rate for the MINOCA
population of 6.7%, significantly lower compared to the MI-CAD population
of 10.45% with a significant difference P=0.03.

Bainey and al. studied the 1-year composite endpoint of death and/or
reinfarction rate in MINOCA patients with angiography without coronary
obstruction which were significantly lower than in MINOCA patients
presenting stenosis <50% (3.9% and 6.1%, [p = 0.028], respectively).

Mortality:

In our work, we found a 12-month mortality rate for the MINOCA
population of 0%, significantly lower compared to the MI-CAD population
which was 4.6%, a non-significant difference P=0.007.

Safdar et al. reported similar results: 1 and 12-month mortality of MINOCA
and IDM with obstructive coronaropathy [1 month: 1.1% and 1.7% (p =
0.43); 12 months: 0.6% and 2.3% (p = 0.68), respectively] were found, while
Pasupathy et al. reported that mortality rates were significantly lower in the
MINOCA group compared to IDM with obstructive coronaropathy [in-
hospital: 1.1% and 3.2% (p = 0.001); 12-month 3.5% and 6.7% (p = 0.003),
respectively].

Etiologies:

In our work, we found ischemic embolic and plaque instability in 33% (20
patients), hypercoagulability in 10% (6 patients), vasospastic in 03% (02
patients), myocarditis in 03% (02 patients), spontaneous dissection in 02%
(01 patients), concomitant Covid-19 infection in 12% (7 patients) while we
found no etiologies in 37% (22 patients).

We limited ourselves to these results as it was not our main objective of the
study and there were several difficulties, including:

Difficult access to some complementary tests such as cardiac MRI and
thrombophilia tests. Non-performance of provocation tests for patients
(patient refusal)

Unavailability of coronary imaging exams such as IVUS and OCT in our
catheterization center.

In the literature, the VIRGO11 study reported a rate of 75% of undetermined
etiologies, 20% of spontaneous coronary dissection, 4% of coronary spasm,
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and 1% of embolization, this also confirms that the etiological evaluation of
MINOCA is not easy and remains obscure in the majority of cases.

Conclusion

MINOCA is a common clinical entity among patients with AMI and
encompasses numerous etiologies that can be difficult to detect.

The number of MINOCA cases in our sample of 585 AMI patients was
10.25% compared to 89.74% of obstructive coronary artery disease. It was
more frequent among men and younger patients. MINOCA patients were
more likely to be without traditional cardiac risk factors (7.9% compared to
2.1%; P <0.001), but more prone to nontraditional risk factors than AMI-
OCD patients (3.7% compared to 1.8%; P=0.026); smoking was the only
frequent traditional risk factor in the MINOCA versus AMI-OCD population
(P=0.001).

Depression, stress, drug use, a history of DVT, and a history of autoimmune
disease were more frequent in the MINOCA population versus AMI-OCD
with a significant difference. These patients were more likely to present as
STEMI (P=0.000).

The MINOCA population had a better prognosis:

The majority of MINOCA patients had a good quality of life compared to
AMI-OCD patients with a significant difference.

MINOCA patients had a lower risk of recurrence than the AMI-OCD
population 6.7% versus 10.45% with a significant difference (P=0.03).

73.3% of MINOCA patients returned to work, while only 56.6% of AMI-
OCD patients did so with a significant difference (P=0.013).

The 12-month mortality rate for the MINOCA population was 0%,
significantly lower than the AMI-OCD population, which was around 4.6%
(P=0.007, not significant).

The mechanisms of MINOCA in our cohort were varied: ischemic embolic
etiology and plague instability accounted for 33% (20 patients),
hypercoagulability in 10% (6 patients),

vasospasm in 3% (2 patients), myocarditis in 3% (2 patients), spontaneous
dissection etiology in 2% (1 patient), concurrent COVID-19 infection in 12%
(7 patients), and etiologies were not found in 37% (22 patients).

This observation raises some research questions that could improve our
understanding of this entity and its characteristics compared to obstructive
coronary artery disease and the determination of optimal treatment based on
specific cause in the future.

Recommendations

Quickly address acute myocardial ischemia, especially STEMI and
NSTEMI, by widespread use of interventional therapy and rapid access to
coronary angiography, which significantly improves the overall prognosis of
coronary disease through early revascularization.

Familiarize all cardiologists with the term MINOCA, which represents a
significant portion of acute myocardial ischemia’s.

Fight against cardiovascular risk factors in general and especially against
smoking, drug abuse, and consumption of all types of drugs, which are
important causes of this pathology.

Detect and properly manage patients with depression, anxiety, and stress
through general medical consultations and refer them to psychologists and
psychiatrists for follow-up; these are important risk factors for MINOCA.

Properly manage hypercoagulation states, especially a history of deep vein
thrombosis, and search for a thrombophilia that constitutes a risk factor for
MINOCA.
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Detect and manage autoimmune diseases, which are also a risk factor for

MINOCA.

Facilitate and generalize access to cardiac MRI in patients with MINOCA:
ensure that its cost is covered by the social security system, especially for

this entity.

Facilitate the acquisition and equipment of cardiac catheterization rooms
with new coronary imaging tools, especially IVUS and OCT.
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