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Prevalence, Clinical Features, Treatment, 
and Outcomes in Patients With Myocardial Infarction 
With Non-Obstructive Coronary Arteries

Aim	 To study clinical and demographic characteristics, treatment options, and clinical outcomes in patients 
with myocardial infarction with non-obstructive coronary arteries (MINOCA) compared with 
patients with myocardial infarction with obstructive coronary arteries (MIOCA).

Material and methods	 This single-center prospective observational study included 712 successive patients diagnosed with 
acute myocardial infarction (MI), who routinely underwent direct coronary angiography. Based 
on the presence of stenosing coronary atherosclerosis, the patients were divided into two groups: 
MIOCA (coronary stenosis ≥50 %) and MINOCA (coronary stenosis <50 % without other, alternative 
causes). Clinical outcomes included in-hospital and long-term overall mortality, and cardiovascular 
rehospitalization. The median follow-up was 1.5 years.

Results	 MINOCA was diagnosed in 73 (10.3 %) patients, 37 (50 %) of whom were women. The median age of 
patients with MINOCA was 61 years and in the MIOCA group 65 years. No significant differences in 
cardiovascular risk factors were found between patients with MINOCA and MIOCA. In 53.4 % of cases, 
the cause of MINOCA was a discrepancy between the myocardial oxygen demand and supply, and in 
35.6 % of cases, the cause was hypertensive crisis and pulmonary edema. The factors associated with 
MINOCA included an age ≤58 years, female gender, absence of the ST-segment elevation, absence of 
areas of impaired local contractility, and presence of aortic stenosis and bronchopulmonary infection. 
Patients with MINOCA were less likely to be prescribed acetylsalicylic acid, P2Y12 inhibitors, dual 
antiplatelet therapy, beta-blockers, and statins (p<0.05). Data on long-term outcomes were available 
for 87.5 % of patients (n=623). The prognosis of patients with MIOCA was comparable for in-hospital 
mortality (1.5 % vs. 6.2 %; p=0.161) and long-term overall mortality (6.1 % vs. 14.7 %; p=0.059). 
Cardiovascular rehospitalizations were more frequent in the MINOCA group (33.3 % vs. 21.5 %; 
p=0.042).

Conclusion	 The prevalence of MINOCA in our study was 10.3 % among all patients with acute MI. MINOCA 
patients had comparable generally recognized cardiovascular risk factors with MIOCA patients. 
MINOCA patients had a comparable prognosis for in-hospital and long-term mortality and more often 
required cardiovascular rehospitalization.

Keywords	 Myocardial infarction with non-obstructive coronary arteries; myocardial infarction with obstructive 
coronary arteries; clinical features; outcomes

For citations	 Hoang  T. H., Maiskov  V. V., Merai  I. A., Kobalava  Zh. D. Prevalence, Clinical Features, Treatment, 
and Outcomes in Patients With Myocardial Infarction With Non-Obstructive Coronary Arteries. 
Kardiologiia. 2024;64(7):56–63. [Russian: Хоанг Ч.Х., Майсков В.В., Мерай И.А., Кобалава Ж.Д. 
Распространенность, клинические особенности, лечение и исходы у пациентов с инфарктом мио-
карда без обструкции коронарных артерий. Кардиология. 2024;64(7):56–63].

Corresponding author	 Hoang T. H. E-mail: truonghh@pnt.edu.vn

Introduction
Myocardial infarction with non-obstructive coronary 

arteries (MINOCA) is defined as the presence of signs and 
symptoms indicative of myocardial ischemia in the absence 
of significant coronary artery stenosis as determined by 
direct digital coronary angiogram (CAG) (coronary artery 
stenosis ≤ 50 %) [1]. In the absence of an appropriate 
hemodynamically significant coronary artery stenosis, 
myocardial ischemia in patients with MINOCA may be 

caused by other pathological conditions of epicardial 
coronary arteries, including distal embolism by fragments 
of collapsed atherosclerotic plaque, coronary artery 
dissection or prolonged spasm. Additionally, coronary 
microcirculatory disorders, such as microvascular coronary 
dysfunction or material embolism from the aorta or cardiac 
cavities, may also contribute to this condition [2, 3].

It is imperative to ascertain whether MINOCA repre
sents a discrete clinical entity with distinctive pathophysio

mailto:truonghh@pnt.edu.vn


57ISSN 0022-9040. Kardiologiia. 2024;64(7). DOI: 10.18087/cardio.2024.7.n2526

ORIGINAL ARTICLES§

logic mechanisms, clinical manifestations, and outcomes, 
as well as to develop an efficacious treatment strategy 
for these patients. Secondary prevention of myocardial 
infarction with obstructive coronary arteries (MIOCA) is 
not always an effective strategy for patients with MINOCA. 
Although patients with MINOCA are likely to have a more 
favorable long-term prognosis compared to patients with 
MIOCA, this does not necessarily guarantee the expected 
favorable prognosis [4–6].

In May 2016, the European Society of Cardiology 
published guidelines for the diagnosis and treatment 
of MINOCA [1], which have significantly enhanced 
our understanding of this diverse clinical condition. 
Nevertheless, the corpus of Russian literature on MINOCA 
remains comparatively limited, with only sporadic publi
cations to date.

Objective
The objective of this study was to examine the clinical 

and demographic characteristics, treatment options, and 
clinical outcomes in patients with MINOCA in comparison 
to patients with MIOCA.

Material and Methods
A single-center prospective observational study was 

conducted, including 712 consecutive patients with acute 

myocardial infarction (MI) who underwent a mandatory 
CAG within the first 24 hours of onset between January 
2017 and December 2018. Direct digital CAG was 
conducted via transradial access in the department of 
radiosurgical diagnosis and treatment at V. V. Vinogradov 
City Clinical Hospital (Moscow, Russia). The diagnosis 
of MI was made in accordance with the third universal 
definition [7].

The patients were divided into two groups based 
on the results of the direct CAG examination. The first 
group consisted of patients with MINOCA, defined 
as the presence of coronary artery stenosis equal to 
or exceeding 50 % of the arterial diameter. The second 
group included patients with MIOCA, characterized 
by a narrowing of the coronary artery lumen to less 
than 50 % or the absence of any stenosis. The study did 
not include patients with absolute contraindications to 
coronary angiography with iodine-containing contrast 
administration. Patients presenting with type 3, 4, or 5 
MI and exhibiting signs of myocarditis or Takotsubo 
cardiomyopathy were excluded from the study. In cases 
where myocarditis onset simulates acute coronary synd
rome (ACS), a differential diagnosis between acute 
MI and acute myocarditis was conducted. This was 
accomplished through a comprehensive assessment 
of the clinical manifestations, laboratory data, and the 

MI, myocardial infarction; MINOCA, myocardial infarction with non-obstructive coronary arteries; 
NSTEMI, non-ST-segment elevation myocardial infarction; MIOCA, myocardial infarction with obstructive coronary arteries.

Myocardial infarction with non-obstructive coronary arteries (MINOCA)

Clinical characteristics:

– Comparable prognosis for in-hospital and long-term mortality rate compared to MIOCA patients 
– Elevated risk of rehospitalization for cardiac reasons

MIOCA

Coronary 
arteries

NSTEMI

MINOCA

MI type 2Other:

Mechanisms:

Cardiovascular risk factors:
– Similar to MIOCA

Most likely patient phenotype:
– Young age
– Female sex
– NSTEMI

– Absence of zones of impaired local 
contractility in echocardiogram

– Presence of aortic stenosis
– Presence of bronchopulmonary infection

Clinical outcomes:
– In-hospital mortality rate: 1.5 %
– 18-month mortality rate: 6.1 %

– Rehospitalization for cardiovascular events 33.3 %

Central illustration. Prevalence, Clinical Features, Treatment, and Outcomes  
in Patients With Myocardial Infarction With Non-Obstructive Coronary Arteries
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rate of decline in troponin I levels. In the majority of 
cases, patients with myocarditis, in contrast to ACS, are 
distinguished by a slower decline in troponin levels [8].

The medical records of all patients were subjected to 
a comprehensive analysis, with particular attention paid 
to the following factors: clinical and demographic charac
teristics, anamnestic data, and findings of the physical 
examination at admission; results of laboratory tests and 
clinical investigations; as well as the specifics of therapy 
at discharge. To evaluate the severity of comorbidities, the 
Charlson Comorbidity Index was utilized [9], which has 
been validated in patients with ACS [10–12]. The GRACE 
2.0 scale was used for the purpose of risk stratification in 
patients with MI [13].

Identification of the trigger factors that cause an 
imbalance between myocardial oxygen demand and 
delivery. The specific criteria for triggers were applied with 
the utmost rigor, in accordance with the standards set forth 
in previously published works on type 2 MI [14–16] (see 
the supplementary materials on the journal’s website in 
Appendix 1).

Patient follow-up and endpoints. Adverse clinical 
outcomes were examined at multiple time points: at the time 
of admission, six months post-discharge, at the conclusion 
of the first year, and at the end of the second year following 
discharge, using structured telephone interviews with 
patients and / or their immediate family members. The 
median follow-up period was 1.5 (1.0–2.2) years. The 
primary endpoints were in-hospital mortality and all-cause 
mortality. The secondary endpoints were rehospitalization to 
a cardiac hospital and a combination of total cardiovascular 
events, including recurrent MI, stroke, and rehospitalization 
for a cardiac cause.

The study was conducted in accordance with the ethical 
standards set forth in the Declaration of Helsinki and 
received approval from the Ethics Committee of the Medical 
Institute of the Peoples’ Friendship University of Russia 
(minutes #6 dated November 9, 2016). All patients provided 
written informed consent to participate in the study.

Statistical analysis
The statistical data processing was conducted using 

SPSS Statistics, version 22.0 (SPSS Inc., Chicago, IL, 
USA). Quantitative variables with a normal distribution 
are presented as mean ± standard deviation. Non-normally 
distributed quantitative variables are presented as median 
(Me) and interquartile range (IQR). Categorical data 
were compared using the Yates’ chi-squared test or Fisher’s 
exact test. To analyze differences in quantitative variables, 
Student’s t-test (for normally distributed data), the 
nonparametric Wilcoxon test (for non-normally distributed 
data), or the nonparametric Friedman test were employed 

Univariate and multivariate logistic regression analyses were 
conducted for each variable to ascertain the odds ratio (OR), 
95 % confidence interval (CI), and statistical significance 
in relation to MINOCA. Furthermore, ROC curves were 
plotted for the MINOCA models to assess the area under 
the curve, 95 % confidence interval, significance, sensitivity, 
and specificity. The threshold for statistical significance was 
set at p < 0.05.

Results
Principal characteristics

Of the 712 patients with MI included in the study, 73 
(10.3 %) were diagnosed with MINOCA. Table 1 presents 
a summary of the differences in clinical and demographic 
characteristics between patients with MINOCA and 
MIOCA.

The median age of patients in the MINOCA group was 
61 (53; 70) years, compared to 65 (56; 74) years in the 
MIOCA group, with a p-value of 0.004. The proportion 
of female patients in the MINOCA group was higher than 
that in the MIOCA group (37 (50 %) vs. 241 (37.7 %), p 
= 0.042). The prevalence of cardiovascular diseases and 
comorbidities did not differ between the compared groups, 
with the exception of cancer, which was more prevalent in 
the MINOCA group (8 (10.5 %) vs. 19 (3.0 %), p = 0.004). 
Patients with MINOCA had a significantly lower Charlson 
Comorbidity Index score of 3 (2; 5) compared to 4 (3; 6) 
(p = 0.001).

The prevalence of chest pain was observed to be lower 
in patients with MINOCA than in those with MIOCA. 
Conversely, dyspnea and syncope were more common in 
the MINOCA group in comparison to the MIOCA group. 
No statistically significant differences were observed in 
systolic blood pressure (SBP), heart rate (HR), or the 
incidence of acute left ventricular failure between the two 
groups.

In regard to laboratory tests, the MINOCA group 
exhibited lower concentrations of total cholesterol, 
triglycerides, low-density lipoprotein cholesterol, and 
glucose, while displaying higher concentrations of 
high-density lipoprotein cholesterol (all p < 0.05). No 
statistically significant differences were observed in 
other parameters, including hemoglobin, troponin, and 
creatinine levels, between the two groups.

The occurrence of ST-segment elevation was less 
common in the MINOCA group, whereas left bundle 
branch block (LBBB) was more prevalent. As demonstrated 
by echocardiographic data, the left ventricular ejection 
fraction (LVEF) was observed to be higher in patients 
with MINOCA (54 % vs. 44 %, p < 0.001). The incidence 
of zones of hypo / akinesia was significantly higher in 
the MINOCA group. Aortic stenosis and pulmonary 
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hypertension were more common in the MINOCA group. 
Compared to the MIOCA group, MINOCA patients had 
more triggers, the most common being hypertensive crisis 
and bronchopulmonary infection.

Therapy at discharge
The prescription of beta-blockers, acetylsalicylic acid 

drugs, P2Y12 receptor antagonists, dual antiplatelet therapy, 
and statins at the time of discharge was less frequent in 
patients with MINOCA. Nevertheless, the frequency of 
prescription of renin-angiotensin system blockers was 
comparable between the two groups (Figure 1).

Table 1. Clinical and laboratory characteristics of patients with MINOCA and MIOCA
Parameter MINOCA (n = 73) MIOCA (n = 639) P

Age, years 61 (53; 70) 65 (56; 74) 0.004
Female, n (%) 37 (50) 241 (37.7) 0.042
History of hypertension, n (%) 64 (87.7) 570 (89.2) 0.692
History of MI, n (%) 14 (19.2) 141 (22.1) 0.655

History of revascularization, n (%) 6 (8.2) 79 (12.4) 0.444

Diabetes mellitus, n (%) 14 (19.2) 136 (21.3) 0.763
CVA/TIA, n (%) 6 (8.2) 45 (7.0) 0.636
History of atrial fibrillation, n (%) 9 (12.3) 64 (10) 0.541
Cancer, n (%) 8 (10.5) 19 (3) 0.004
Charlson comorbidity index, score 3 (2; 5) 4 (3; 6) 0.001
Chest pain 58 (79.5) 600 (93.9) < 0.001
Dyspnea 20 (27.4) 104 (16.3) 0.022
Syncope 5 (6.8) 12 (1.9) 0.023
SBP, mm Hg 140 (120; 170) 140 (120; 156) 0.195
HR, bpm 80 (68; 90) 76 (68; 88) 0.229
AHF Killip II–IV, n (%) 19 (26) 141 (22.1) 0.46
Troponin, ng/mL 0.24 (0.1; 1.07) 0.41 (0.09; 3.04) 0.221
Hemoglobin, g/L 136 (124.2; 142.7) 136 (122; 147) 0.676
Glucose, mmol/L 6.0 (5.5; 7.2) 7.0 (5.8; 9.5) < 0.001
Creatinine, μmol/L 91 (79.5; 111) 93 (80; 107) 0.958
Total cholesterol, mmol/L 4.9 (3.7; 5.6) 5.2 (4.4; 6.1) 0.002
ST-segment elevation, n (%) 10 (13.7) 330 (51.6) < 0.001
Atrial fibrillation in ECG, n (%) 12 (16.4) 85 (13.3) 0.471
LBBB, n (%) 11 (15.1) 41 (6.4) 0.015
LVEF, % 54 (43.5; 56) 44 (40; 50) < 0.001
Hypokinesia/akinesia zones, n (%) 24 (32.9) 425 (66.5) < 0.001
Aortic stenosis, n (%) 8 (10.9) 29 (4.5) < 0.001
Pulmonary hypertension, n (%) 35 (47.9) 176 (27.5) 0.001
GRACE, score 112 (89.5; 131.5) 117 (98; 141) 0.053
Triggers, n (%) 39 (53.4) 285 (44.6) 0.173
Hypertensive crisis/pulmonary edema, n (%) 26 (35.6) 151 (23.6) 0.031
Tachyarrhythmia, n (%) 12 (16.4) 85 (13.3) 0.471
Bradyarrhythmia, n (%) 1 (1.4) 23 (3.6) 0.499
Anemia, n (%) 4 (5.5) 62 (9.7) 0.292
Bronchopulmonary infection, n (%) 8 (11) 30 (4.7) 0.047

The data are presented as median and interquartile range (Me (25%;75%)) and the number of patients (n (%)); AH, arterial hypertension; 
LBBB, left bundle branch block; MI, myocardial infarction; CVA, cerebrovascular accident; AHF, acute heart failure; SBP, systolic blood 
pressure; TIA, transient ischemic attack; LVEF, left ventricular ejection fraction, HR - heart rate.

Table 2. Outcomes in MINOCA and MIOCA

Parameter MINOCA 
(n = 66)

MIOCA (n 
= 557) P

In-hospital mortality, n (%) 1 (1.5) 35 (6.2) 0.161

Total mortality, n (%) 4 (6.1) 82 (14.7) 0.059
Rehospitalization for 
cardiovascular events, n (%) 22 (33.3) 120 (21.5) 0.042

General cardiovascular events, 
n (%) 25 (37.9) 190 (34.1) 0.584

MINOCA, myocardial infarction with non-obstructive  
coronary arteries; MIOCA, myocardial infarction  
with obstructive coronary arteries.



60 ISSN 0022-9040. Kardiologiia. 2024;64(7). DOI: 10.18087/cardio.2024.7.n2526

ORIGINAL ARTICLES§
Clinical outcomes

A total of 36 (5.1 %) patients died during the course 
of their hospitalization. Data were available for analysis 
during the specified follow-up period for 623 (87.5 %) of 
the 712 patients. The all-cause mortality rate was 13.8 % (n 
= 86). A total of 142 (22.8 %) patients were readmitted to 
the cardiology department, while 215 (34.5 %) patients 
experienced a general cardiovascular event.

A trend toward reduced in-hospital and all-cause 
mortality was observed in patients with MINOCA (Table 2). 
Patients with MINOCA exhibited an increased likelihood 
of hospital readmission due to cardiovascular events. No 
significant discrepancies were observed in the patterns of 
general cardiovascular events between the groups.

Factors associated with MINOCA
The results of the univariate and multivariate log-

rank regression analyses examining factors associated 
with MINOCA are presented in Appendix 2 (see the 
supplementary materials on the journal’s website). The 
independent factors associated with MINOCA were 
found to be age ≤ 58 years (OR 1.04; 95 % CI: 1.0–1.07, 
p = 0.032), female sex (OR 2.29, 95 % CI: 1.25–4.21, p = 
0.008), the absence of ST segment elevation in ECG (OR 
4.72; 95 % CI: 2.22–10.04, p < 0.001), the absence of cont
ractility zones in echocardiogram (OR 3.10; 95 % CI: 
1.48–6.48, p = 0.003), the presence of aortic stenosis (OR 
2.97; 95 % CI: 1.07–8.24, р = 0.036), and the presence of 
bronchopulmonary infection (OR 3.74, 95 % CI: 0.97–
1.05; p = 0.022)

The area under the ROC curve of the log regression 
model is 0.82 (95 % CI: 0.77–0.87, p < 0.001), with 
a sensitivity of 81.6 % and a specificity of 71.2 % (see 
Appendix 3 in the supplementary materials on the journal’s 
website).

Discussion
As documented in the literature, the prevalence of 

MINOCA in patients with MI is estimated to be between 
3 % and 15 % [6, 17]. The prevalence of MINOCA in the 
Russian Federation, as determined by various studies, 
ranges from 4.1 % to 14.5 % [18–22]. The prevalence 
of MINOCA in our study was 10.3 %, which is higher 
than the recently published data from a meta-analysis of 
clinical trials (approximately 6 %) [4]. The discrepancy 
in the reported incidence of MINOCA across studies 
can be attributed to variations in the study populations 
and the lack of consensus on their identification [5, 23–
25]. Moreover, the absence of ST-segment elevation on 
ECG was more prevalent in patients with MINOCA, 
which was consistent with the findings of previous 
studies [4, 26].

Patients with MINOCA may be younger in age, with a 
higher proportion of women, and with fewer comorbidities 
[4, 6, 17, 27, 28]. These findings indicate the possibility 
of hormonal factors contributing to the development of 
MINOCA. Nevertheless, further research is required to 
address this issue.

In the current study, we undertook a comparison of the 
prevalence of cardiovascular risk factors and comorbidities 
between patients with MINOCA and MIOCA. Our 
findings indicate that MINOCA is not a benign condition 
and suggest a potential association between its underlying 
pathology and the presence of atherosclerosis and 
thrombosis [22, 28]. The data indicated that patients with 
MINOCA exhibited lower Charlson Comorbidity Index 
values, suggesting a reduced prevalence of comorbidities 
within this group. It is noteworthy that the incidence of 
cancer was even higher in the MINOCA group. This can 
likely be attributed to the age of the MINOCA patients, 
who exhibited a higher Charlson index [29]. Although 
some of these characteristics have been previously 
described in other studies, they have not been sufficiently 
addressed in the Russian literature.

The present study demonstrated that the trigger factors 
that cause an imbalance between myocardial oxygen de
mand and delivery to the myocardium in type 2 MI are 
more frequent in patients with MINOCA. The most 
common cause is a hypertensive crisis or pulmonary 
edema. It is of the utmost importance to take these 
triggers into account treating MINOCA. Additionally, the 
presence of bronchopulmonary infections was identified as 
a factor associated with MINOCA. The elevated incidence 
of bronchopulmonary infections may be attributable to 
asymptomatic or atypical myocarditis [30]. Some studies 

ARB, angiotensin II receptor blocker; DAT, dual antiplatelet therapy; 
ACE, angiotensin-converting enzyme; MINOCA, myocardial 
infarction with non-obstructive coronary arteries;  
MIOCA, myocardial infarction with obstructive coronary arteries.
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have identified an association between community-
acquired pneumonia and the development of type 2 MI 
[31–34]. An elevated concentration of proinflammatory 
cytokines may contribute to endothelial dysfunction 
and / or atherosclerotic plaque instability, thereby 
increasing the risk of developing both type 2 and type 1 
MI. In a recent prospective study by Putot et al. [33], which 
examined 4,573 patients with MI, 466 (10 %) patients 
had a concomitant acute infection. Of these, 313 (67 %) 
patients had a bronchopulmonary infection. Type 2 MI 
was identified in 72 % of MI cases that occurred subsequent 
to an infectious disease. Moreover, the authors identified 
a correlation between the presence of infection and an 
elevated risk of in-hospital mortality (11 % vs. 6 %, p < 
0.001, respectively) [33].

Aortic stenosis has been proposed as a potential trigger 
for an imbalance between myocardial oxygen demand 
and delivery in type 2 MI [35–39]. In a multicenter, 
population-based prospective study comprising 4,572 
patients hospitalized in the intensive care unit, 862 (19 %) 
patients were diagnosed with type 2 MI, and aortic stenosis 
was identified as a trigger of type 2 MI in 10 % of patients 
[36].

Given the heterogeneity of the pathological mechanisms 
underlying MINOCA, it is possible that the conventional 
approach to secondary prevention of MI may prove 
ineffective for all patients with MINOCA. Some studies 
have indicated that patients with MINOCA are less likely to 
receive specific conventional secondary prevention therapy 
[40, 41]. Similarly, our study demonstrated that patients 
with MINOCA were less likely to receive prescriptions 
for acetylsalicylic acid, P2Y12 inhibitors, dual antiplatelet 
therapy, beta-blockers, or statins at the time of discharge. 
This is presumably due to the absence of evidence-based 
therapy recommendations for this specific population. 
Prior research has indicated that beta-blockers and dual 
antiplatelet therapy may be less effective in reducing 
the risk of new cardiovascular events in patients with 
MINOCA [42]. Conversely, statins and renin-angiotensin 
system blockers have been shown to have a potentially 
beneficial effect. Other studies have demonstrated that 
low-dose acetylsalicylic acid medications are ineffective 
in preventing future cardiovascular events in patients 
with MINOCA [43]. It is recommended that antiplatelet 
therapy be considered for patients with MINOCA who 
present with inflammatory deformation and fragmentation 
of atherosclerotic plaques [42].

Prior research has indicated that the mortality rate 
among hospitalized patients with MINOCA is relatively 
low. In the course of our study, we observed a 1 (1.4 %) case 
of in-hospital mortality, occurring in one of the 73 patients 
enrolled. The ACTION-GWTG study demonstrated a 

comparable in-hospital mortality rate of 1.1 % in 19,000 
patients with MINOCA [44]. In the SWEDEHEART 
study, the long-term mortality rate was 13.4 %, recurrent 
MI occurred in 7.1 % of patients, and repeat hospitalization 
for cardiac events occurred in 10 % of patients with 
MINOCA, with a mean follow-up period of 4.1 years 
[42]. The long-term mortality rate observed in our study 
was 13.8 %, which is consistent with the findings of the 
SWEDEHEART study. Furthermore, the incidence of 
recurrent hospitalization for cardiac events was markedly 
elevated in patients with MINOCA in comparison to those 
with MIOCA (33.3 % vs. 21.5 %, respectively). However, 
a previous study demonstrated that the rate of all-cause 
rehospitalization in MINOCA patients was comparable 
to that observed in MIOCA patients (28.8 % vs. 30 %, 
respectively) [45], which is inconsistent with our findings. 
In conclusion, it is imperative to recognize that MINOCA 
is not a benign condition. The identification of the various 
characteristics and underlying causes of MINOCA is of 
the utmost importance for the selection of appropriate 
treatment and effective prevention strategies.

Limitations
There are several limitations to this study. First, a broad 

definition of MINOCA was employed, encompassing 
patients who were suspected to have this syndrome. 
Furthermore, the recently published fourth universal 
definition of MI [46] modifies the context of acute MI with 
regard to the definition of MINOCA. Secondly, it should 
be noted that our study is observational in nature, and 
12.5 % of patients were lost to follow-up, which may limit 
the completeness of the information available and may 
affect the reliability of the assessment of clinical outcomes. 
Thirdly, the inability to perform cardiac magnetic resonance 
imaging, intracoronary imaging, intravascular manometry, 
and Doppler imaging, as well as the inability to perform the 
coronary artery spasm challenge test, may have an impact 
on the results of the study.

Conclusion
The present study demonstrated that the incidence of 

MINOCA among all consecutive patients admitted with 
MI was 10.3 %. The risk factors for MINOCA and the 
significant distinctions between these and the conventional 
risk factors for coronary artery disease were elucidated. 
The clinical outcomes for patients in both groups were 
comparable, including in-hospital and remote mortality 
rates. The incidence of rehospitalization for cardiac causes 
was higher in the MINOCA group.

No conflict of interest is reported.

The article was received on 03/06/2023



62 ISSN 0022-9040. Kardiologiia. 2024;64(7). DOI: 10.18087/cardio.2024.7.n2526

ORIGINAL ARTICLES§
REFERENCES

1. Agewall S, Beltrame JF, Reynolds HR, Niessner A, Rosano G, Cafo-
rio ALP et al. ESC working group position paper on myocardial infarc-
tion with non-obstructive coronary arteries. European Heart Journal. 
2016;38(3):143–53. DOI: 10.1093/eurheartj/ehw149

2. Tavella R, Pasupathy S, Beltrame JF. MINOCA – A personalised medi
cine approach. International Journal of Cardiology. 2018;267:54–5. 
DOI: 10.1016/j.ijcard.2018.05.077

3. Ibanez B, James S, Agewall S, Antunes MJ, Bucciarelli-Ducci C, Bue-
no H et al. 2017 ESC Guidelines for the management of acute myocar-
dial infarction in patients presenting with ST-segment elevation: The 
Task Force for the management of acute myocardial infarction in pa-
tients presenting with ST-segment elevation of the European Society 
of Cardiology (ESC). European Heart Journal. 2018;39(2):119–77. 
DOI: 10.1093/eurheartj/ehx393

4. Pasupathy S, Air T, Dreyer RP, Tavella R, Beltrame JF. Systematic Re-
view of Patients Presenting With Suspected Myocardial Infarction and 
Nonobstructive Coronary Arteries. Circulation. 2015;131(10):861–
70. DOI: 10.1161/CIRCULATIONAHA.114.011201

5. Raparelli V, Elharram M, Shimony A, Eisenberg MJ, Cheema AN, Pi-
lote L. Myocardial Infarction With No Obstructive Coronary Artery 
Disease: Angiographic and Clinical Insights in Patients With Prema-
ture Presentation. Canadian Journal of Cardiology. 2018;34(4):468–
76. DOI: 10.1016/j.cjca.2018.01.004

6. Barr PR, Harrison W, Smyth D, Flynn C, Lee M, Kerr AJ. Myocar-
dial Infarction Without Obstructive Coronary Artery Disease is Not 
a Benign Condition (ANZACS-QI 10). Heart, Lung and Circulation. 
2018;27(2):165–74. DOI: 10.1016/j.hlc.2017.02.023

7. Thygesen K, Alpert JS, Jaffe AS, Simoons ML, Chaitman BR, White HD. 
Third Universal Definition of Myocardial Infarction. Circulation. 
2012;126(16):2020–35. DOI: 10.1161/CIR.0b013e31826e1058

8. Arutyunov G.P., Paleev F.N., Moiseeva O.M., Dragunov D.O., So-
kolova A.V., Arutyunov A.G. et al. 2020 Clinical practice guide-
lines for Myocarditis in adults. Russian Journal of Cardiology. 
2021;26(11):136–82. [Russian: Арутюнов Г.П., Палеев Ф.Н., Мо-
исеева О.М., Драгунов Д.О., Соколова А.В., Арутюнов А.Г. и др. 
Миокардиты у взрослых. Клинические рекомендации 2020. Рос-
сийский кардиологический журнал. 2021;26(11):136-82]. DOI: 
10.15829/1560-4071-2021-4790

9. Charlson ME, Pompei P, Ales KL, MacKenzie CR. A new method of 
classifying prognostic comorbidity in longitudinal studies: Develop-
ment and validation. Journal of Chronic Diseases. 1987;40(5):373–83. 
DOI: 10.1016/0021-9681(87)90171-8

10. Singh M, Reeder GS, Jacobsen SJ, Weston S, Killian J, Roger VL. 
Scores for Post–Myocardial Infarction Risk Stratification in the Com-
munity. Circulation. 2002;106(18):2309–14. DOI: 10.1161/01.
CIR.0000036598.12888.DE

11. O’Connell RL, Lim LL. Utility of the Charlson comorbidity index 
computed from routinely collected hospital discharge diagnosis codes. 
Methods of Information in Medicine. 2000;39(1):7–11. PMID: 
10786063

12. Jacobs DR, Kroenke C, Crow R, Deshpande M, Gu DF, Gatewood L 
et al. PREDICT: A Simple Risk Score for Clinical Severity and Long-
Term Prognosis After Hospitalization for Acute Myocardial Infarc-
tion or Unstable Angina: The Minnesota Heart Survey. Circulation. 
1999;100(6):599–607. DOI: 10.1161/01.CIR.100.6.599

13. Fox KAA, FitzGerald G, Puymirat E, Huang W, Carruthers K, Si-
mon T et al. Should patients with acute coronary disease be stratified 
for management according to their risk? Derivation, external valida-
tion and outcomes using the updated GRACE risk score. BMJ Open. 
2014;4(2):e004425. DOI: 10.1136/bmjopen-2013-004425

14. Landes U, Bental T, Orvin K, Vaknin-Assa H, Rechavia E, Iakobish-
vili Z et al. Type 2 myocardial infarction: A descriptive analysis and 
comparison with type 1 myocardial infarction. Journal of Cardiology. 
2016;67(1):51–6. DOI: 10.1016/j.jjcc.2015.04.001

15. Saaby L, Poulsen TS, Hosbond S, Larsen TB, Pyndt Diederich-
sen AC, Hallas J et al. Classification of myocardial infarction: fre-
quency and features of type 2 myocardial infarction. The Ameri-

can Journal of Medicine. 2013;126(9):789–97. DOI: 10.1016/j.am-
jmed.2013.02.029

16. Cediel G, Gonzalez-del-Hoyo M, Carrasquer A, Sanchez R, Boqué C, 
Bardají A. Outcomes with type 2 myocardial infarction compared 
with non-ischaemic myocardial injury. Heart. 2017;103(8):616–22. 
DOI: 10.1136/heartjnl-2016-310243

17. Safdar B, Spatz ES, Dreyer RP, Beltrame JF, Lichtman JH, Spertus JA 
et al. Presentation, Clinical Profile, and Prognosis of Young Patients 
With Myocardial Infarction With Nonobstructive Coronary Arter-
ies (MINOCA): Results From the VIRGO Study. Journal of the Ame
rican Heart Association. 2018;7(13):e009174. DOI: 10.1161/JA-
HA.118.009174

18. Hoang H.T., Kitbalyan A.A., Lazarev P.V., Maiskov V.V., Shkoliniko-
va E.E., Meray I.A. Type 2 myocardial infarction: clinical and demo-
graphic features, laboratory and instrumental associations. RUDN 
Journal of Medicine. 2018;22(2):148–58. [Russian: Хоанг Х.Ч., Кит-
балян А.А., Лазарев П.В., Майсков В.В., Школьникова Е.Э., Ме-
рай И.А. Клинико-демографические характеристики, распростра-
ненность факторов риска и сопутствующих заболеваний у паци-
ентов с инфарктом миокарда 2-го типа. Вестник Российского уни-
верситета дружбы народов. Серия: Медицина. 2018;22(2):148-58]. 
DOI: 10.22363/2313-0245-2018-22-2-148-158

19. Kruchinova S.V., Kosmacheva E.D., Porkhanov V.A. Comparative 
analysis of demographic, anamnestic, clinical-laboratory and instru-
mental data in patients with myocardial infarction with and with-
out obstructive lesion of coronary arteries. Siberian Medical Journal 
(Tomsk). 2018;33(4):69–75. [Russian: Кручинова С.В., Космаче-
ва Е.Д., Порханов В.А. Сравнительный анализ демографических, 
анамнестических, клинико-лабораторных и инструментальных 
данных у пациентов с инфарктом миокарда с обструктивным по-
ражением и без обструктивного поражения коронарных артерий. 
Сибирский Медицинский Журнал (г. Томск). 2018;33(4):69-75]. 
DOI: 10.29001/2073-8552-2018-33-4-69-75

20. Kosmacheva E.D., Kruchinova S.V., Raff S.A., Porkhanov V.A. Myo-
cardial infarction with no obstructive coronary atherosclerosis: data 
from total register of acute coronary syndrome for the Krasnodar terri-
tory. Emergency Cardiology. 2016;4:3–10. [Russian: Космачева Е.Д., 
Кручинова С.В., Рафф С.А., Порханов В.А. Инфаркт миокарда без 
обструктивных изменений коронарных артерий: данные тотально-
го регистра ОКС по Краснодарскому краю. Неотложная кардиоло-
гия. 2016;4:3-10]

21. Ryabov V.V., Syrkina A.G., Belokopytova N.V., Markov V.A., Er-
likh A.D. ST elevation acute coronary syndrome in non-obstruc-
tive lesion of coronary st elevation acute coronary syndrome in non-
obstructive lesion of coronary arteries: data from the registry RE-
CORD-3. Russian Journal of Cardiology. 2017;22(11):15–21. [Rus-
sian: Рябов В.В., Сыркина А.Г., Белокопытова Н.В., Марков В.А., 
Эрлих А.Д. Острый коронарный синдром с подъемом сегмента ST 
у пациентов с необструктивным поражением коронарного русла: 
данные регистра РЕКОРД-3. Российский кардиологический жур-
нал. 2017;22(11):15-21]. DOI: 10.15829/1560-4071-2017-11-15-21

22. Yakushin S.S. Myocardial Infarction with Nonobstructive Coronary 
Arteries (МINОСА) – a Trendy Term or a New Diagnostic Concept? 
Rational Pharmacotherapy in Cardiology. 2018;14(5):765–73. [Rus-
sian: Якушин С.С. Инфаркт миокарда с необструктивным пораже-
нием коронарных артерий (МINОСА) – модный термин или новая 
диагностическая концепция? Рациональная фармакотерапия в кар-
диологии. 2018;14(5):765-73]. DOI: 10.20996/1819-6446-2018-14-
5-765-773

23. Collste O, Sörensson P, Frick M, Agewall S, Daniel M, Henareh L et al. 
Myocardial infarction with normal coronary arteries is common and 
associated with normal findings on cardiovascular magnetic resonance 
imaging: results from the Stockholm Myocardial Infarction with Nor-
mal Coronaries study. Journal of Internal Medicine. 2013;273(2):189–
96. DOI: 10.1111/j.1365-2796.2012.02567.x

24. Lanza GA, Careri G, Stazi A, Villano A, De Vita A, Aurigemma C et 
al. Clinical Spectrum and Outcome of Patients With Non-ST-Seg-



63ISSN 0022-9040. Kardiologiia. 2024;64(7). DOI: 10.18087/cardio.2024.7.n2526

ORIGINAL ARTICLES§
ment Elevation Acute Coronary Syndrome and No Obstructive Coro-
nary Atherosclerosis. Circulation Journal. 2016;80(7):1600–6. DOI: 
10.1253/circj.CJ-16-0145

25. Dastidar AG, Baritussio A, De Garate E, Drobni Z, Biglino G, Sing-
hal P et al. Prognostic Role of CMR and Conventional Risk Factors in 
Myocardial Infarction With Nonobstructed Coronary Arteries. JACC: 
Cardiovascular Imaging. 2019;12(10):1973–82. DOI: 10.1016/j.jc-
mg.2018.12.023

26. Johnston N, Jönelid B, Christersson C, Kero T, Renlund H, Schenck-
Gustafsson K et al. Effect of Gender on Patients With ST-Eleva-
tion and Non-ST-Elevation Myocardial Infarction Without Obstruc-
tive Coronary Artery Disease. The American Journal of Cardiology. 
2015;115(12):1661–6. DOI: 10.1016/j.amjcard.2015.03.006

27. Abdu FA, Liu L, Mohammed A-Q, Luo Y, Xu S, Auckle R et al. Myocar-
dial infarction with non-obstructive coronary arteries (MINOCA) in 
Chinese patients: Clinical features, treatment and 1 year follow-up. In-
ternational Journal of Cardiology. 2019;287:27–31. DOI: 10.1016/j.ij-
card.2019.02.036

28. Hoang T.H., Lazarev P.V., Maiskov V.V., Meray I.A., Kobalava Zh.D. Myo-
cardial Infarction with Non-Obstructive Coronary Arteries: Contempo-
rary Diagnostic and Management Approaches. Rational Pharmacother-
apy in Cardiology. 2020;15(6):881–91. [Russian: Хоанг Ч.Х., Лазарев 
П.В., Майсков В.В., Мерай И.А., Кобалава Ж.Д. Инфаркт миокар-
да без обструкции коронарных артерий: современные подходы к ди-
агностике и лечению. Рациональная Фармакотерапия в Кардиологии 
2019;15(6):881-91]. DOI: 10.20996/1819-6446-2019-15-6-881-891

29. Hoang TH, Lazarev PV, Maiskov VV, Merai IA, Kobalava ZD. Con-
cordance and Prognostic Relevance of Angiographic and Clini-
cal Definitions of Myocardial Infarction Type. Journal of Cardiovas-
cular Pharmacology and Therapeutics. 2021;26(5):463–72. DOI: 
10.1177/10742484211005929

30. Kilic S, Aydin G, Coner A, Dogan Y, Ozluk OA, Celik Y et al. Preva-
lence and Clinical Profile of Patients with Myocardial Infarction with 
Non-obstructive Coronary Arteries in Turkey (MINOCA-TR): A na-
tional multi-centre, observational study. The Anatolian Journal of 
Cardiology. 2020;23(3):176–82. DOI: 10.14744/AnatolJCardi-
ol.2019.46805

31. Blum A, Azani L, Blum N. Community Acquired Pneumonia (CAP), 
Type 2 Myocardial Infarction (Type 2 MI), and 5 Years Morta
lity after Discharge. Archives of Medicine. 2017;9(2):4–8. DOI: 
10.21767/1989-5216.1000205

32. El-Haddad H, Robinson E, Swett K, Wells GL. Prognostic implications 
of type 2 myocardial infarctions. World Journal of Cardiovascular Dis-
eases. 2012;2(4):237–41. DOI: 10.4236/wjcd.2012.24039

33. Putot A, Chague F, Manckoundia P, Cottin Y, Zeller M. Post-In-
fectious Myocardial Infarction: New Insights for Improved Screen-
ing. Journal of Clinical Medicine. 2019;8(6):827. DOI: 10.3390/
jcm8060827

34. Javed U, Aftab W, Ambrose JA, Wessel RJ, Mouanoutoua M, Huang G 
et al. Frequency of elevated troponin I and diagnosis of acute myocar-
dial infarction. The American Journal of Cardiology. 2009;104(1):9–
13. DOI: 10.1016/j.amjcard.2009.03.003

35. Sandoval Y, Smith SW, Sexter A, Thordsen SE, Bruen CA, Carlson MD 
et al. Type 1 and 2 Myocardial Infarction and Myocardial Injury: Clini

cal Transition to High-Sensitivity Cardiac Troponin I. The American 
Journal of Medicine. 2017;130(12):1431-1439.e4. DOI: 10.1016/j.
amjmed.2017.05.049

36. Putot A, Jeanmichel M, Chague F, Manckoundia P, Cottin Y, Zeller 
M. Type 2 Myocardial Infarction: A Geriatric Population-based Mo
del of Pathogenesis. Aging and disease. 2020;11(1):108–17. DOI: 
10.14336/AD.2019.0405

37. Gard A, Lindahl B, Batra G, Hjort M, Szummer K, Baron T. Diagnos-
ing type 2 myocardial infarction in clinical routine. A validation study. 
Scandinavian Cardiovascular Journal. 2019;53(5):259–65. DOI: 
10.1080/14017431.2019.1638961

38. Smilowitz NR, Weiss MC, Mauricio R, Mahajan AM, Dugan KE, 
Devanabanda A et al. Provoking conditions, management and out-
comes of type 2 myocardial infarction and myocardial necrosis. Inter-
national Journal of Cardiology. 2016;218:196–201. DOI: 10.1016/j.ij-
card.2016.05.045

39. Stein GY, Herscovici G, Korenfeld R, Matetzky S, Gottlieb S, Alon D 
et al. Type-II Myocardial Infarction – Patient Characteristics, Manage-
ment and Outcomes. PLoS ONE. 2014;9(1):e84285. DOI: 10.1371/
journal.pone.0084285

40. Rossini R, Capodanno D, Lettieri C, Musumeci G, Limbruno U, 
Molfese M et al. Long-Term Outcomes of Patients With Acute Co
ronary Syndrome and Nonobstructive Coronary Artery Disease. 
The American Journal of Cardiology. 2013;112(2):150–5. DOI: 
10.1016/j.amjcard.2013.03.006

41. Ramanath VS, Armstrong DF, Grzybowski M, Rahnama‐Mohagdam S, 
Tamhane UU, Gordon K et al. Receipt of Cardiac Medications Upon 
Discharge Among Men and Women With Acute Coronary Syndrome 
and Nonobstructive Coronary Artery Disease. Clinical Cardiology. 
2010;33(1):36–41. DOI: 10.1002/clc.20701

42. Lindahl B, Baron T, Erlinge D, Hadziosmanovic N, Nordenskjöld A, 
Gard A et al. Medical Therapy for Secondary Prevention and Long-
Term Outcome in Patients With Myocardial Infarction With Nonob-
structive Coronary Artery Disease. Circulation. 2017;135(16):1481–9. 
DOI: 10.1161/CIRCULATIONAHA.116.026336

43. Ishii M, Kaikita K, Sato K, Yamanaga K, Miyazaki T, Akasaka T et 
al. Impact of aspirin on the prognosis in patients with coronary 
spasm without significant atherosclerotic stenosis. Internation-
al Journal of Cardiology. 2016;220:328–32. DOI: 10.1016/j.ij-
card.2016.06.157

44. Yu T, Tian C, Song J, He D, Sun Z, Sun Z. ACTION (acute coro-
nary treatment and intervention outcomes network) registry-GWTG 
(get with the guidelines) risk score predicts long-term mortality in 
acute myocardial infarction. Oncotarget. 2017;8(60):102559–72. 
DOI: 10.18632/oncotarget.21741

45. Grodzinsky A, Arnold SV, Gosch K, Spertus JA, Foody JM, Beltrame J 
et al. Angina frequency after acute myocardial infarction in patients 
without obstructive coronary artery disease. European Heart Jour-
nal - Quality of Care and Clinical Outcomes. 2015;1(2):92–9. DOI: 
10.1093/ehjqcco/qcv014

46. Thygesen K, Alpert JS, Jaffe AS, Chaitman BR, Bax JJ, Morrow DA et 
al. Fourth universal definition of myocardial infarction (2018). Euro-
pean Heart Journal. 2019;40(3):237–69. DOI: 10.1093/eurheartj/
ehy462



1ISSN 0022-9040. Kardiologiia. 2024;64(7). DOI: 10.18087/cardio.2024.7.n2526

ORIGINAL ARTICLES§
Hoang T. H. 1, 2, Maiskov V. V. 3, 4, Merai I. A. 3, 4, Kobalava Zh. D. 3, 4

1 Pham Ngoc Thach University of Medicine, Ho Chi Minh City, Vietnam
2 Tam Duc Cardiology Hospital, Ho Chi Minh City, Vietnam
3 Russian University of Peoples’ Friendship, Moscow, Russia
4 Vinogradov Municipal Clinical Hospital, Moscow, Russia

Prevalence, Clinical Features, Treatment, and Outcomes in Patients  
With Myocardial Infarction With Non-Obstructive Coronary Arteries 

SUPPLEMENTARY MATERIALS

Annex 1. . Identification of the triggers that cause an imbalance between myocardial oxygen demand and delivery

Clinical conditions that result in decreased oxygen delivery:
– Anemia defined as a hemoglobin concentration of less than 100 g/L or a decrease in hemoglobin  
of more than 20 g/L within a 48-hour period, and/or the need for a hemotransfusion;
– Bradyarrhythmia that requires medical intervention or cardiac stimulation.

Conditions that result in an increased myocardial demand for oxygen:
– Ventricular tachycardia lasting 20 minutes;
– Supraventricular tachycardia with a ventricular contraction rate exceeding 120 beats per minute, with the exception of sinus tachycardia;
– Hypertensive crisis/pulmonary edema defined as elevated systolic blood pressure above 160 mm Hg that necessitates treatment with nitrates or 
diuretics, and/or the presence of concomitant left ventricular hypertrophy, as determined by echocardiography or electrocardiography;
– Bronchopulmonary infection diagnosed through a combination of clinical examinations and laboratory tests, with further verification by chest 
radiography and/or computed tomography.

Annex 2. Factors associated with myocardial infarction with non-obstructive coronary arteries

Parameters OR, 95 % CI in univariate 
analysis p OR, 95 % CI in 

multivariate analysis p

Age ≤ 58 years 1.03 (1.01–1.06) 0.001 1.04 (1.0–1.07) 0.032
Female 1.70 (1.04–2.76) 0.033 2.29 (1.25–4.21) 0.008
No ST-segment elevation in ECG 6.73 (3.39–13.35) < 0.001 4.72 (2.22–10.04) < 0.001
Charlson Comorbidity Index ≤ 3 1.25 (1.09–1.43) 0.001 1.26 (0.99–1.61) 0.062
Absence of chest pain 3.98 (2.07–7.65) < 0.001 2.01 (0.81–4.98) 0.130
Dyspnea 1.94 (1.11–3.38) 0.019 1.84 (0.88–3.84) 0.103
Syncope 3.84 (1.31–11.23) 0.014 2.38 (0.58–9.47) 0.228
LBBB 2.59 (1.27–5.29) 0.009 2.29 (0.96–5.45) 0.061
Absence of hypo/akinesia zones 4.05 (2.42–6.79) < 0.001 3.1 (1.48–6.48) 0.003
Aortic stenosis 2.59 (1.14–5.90) 0.024 2.97 (1.07–8.24) 0.036
Hypertensive crisis/pulmonary edema 1.79 (1.07–2.98) 0.026 1.45 (0.80–2.63) 0.222
Bronchopulmonary infection 2.50 (1.10–5.68) 0.029 3.74 (1.21–11.53) 0.022
LVEF ≥ 48 % 0.94 (0.91–0.97) < 0.001 1.00 (0.97–1.05) 0.697

LBBB, left bundle branch block; CI, confidence interval; OR, odds ratio, LVEF, left ventricular ejection fraction; HR, heart rate.

Annex 3. ROC curve of factors associated with the presence of MI with non-obstructive coronary arteries

AUC, area under  
the ROC Curve;  
CI, confidence interval.
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