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INTROduCTION SARS ‑CoV ‑2 infection is associated with an increased risk of thromboembolic compli‑
cations. Thromboembolism is one of the possible causes of myocardial infarction with nonobstructive 
coronary arteries (MINOCA).
ObjECTIvEs We aimed to compare the characteristics and 12 ‑month clinical outcomes of patients with 
MINOCA treated before and during the COVID ‑19 pandemic.
PATIENTs ANd mEThOds We retrospectively analyzed data of 51 734 patients with acute myocardial 
infarction registered in the nationwide Polish Registry of Acute Coronary Syndromes database in 2019 
and 2020. The final study group included 3178 patients with MINOCA. We compared the baseline char‑
acteristics, management strategies, and 12 ‑month clinical outcomes of the MINOCA patients treated 
before (2019) and during the COVID ‑19 pandemic (2020).
REsuLTs The rate of MINOCA was higher in 2019 than in 2020 (6.3% vs 5.9%; P = 0.03). The only 
difference between the groups was a higher hypercholesterolemia rate before the pandemic (33.9% vs 
28.2%; P <0.001). In ‑hospital stroke was observed more frequently during the pandemic (0% vs 0.3%; 
P = 0.01), whereas other in ‑hospital complications were similar between the groups. Most patients were 
discharged on aspirin (85.6%), a β ‑blocker (73.1%), an angiotensin ‑converting enzyme inhibitor / angio‑
tensin receptor blocker (70.2%), and a statin (62.7%), but only 50.6% of the participants received a P2Y12 
inhibitor. There was no difference in 12 ‑month all ‑cause mortality between the patients with MINOCA 
treated before and during the pandemic (9.2% vs 11%; P = 0.09).
CONCLusIONs We observed a lower percentage of MINOCA cases and higher in ‑hospital stroke rates in 
the MINOCA patients treated during the COVID ‑19 pandemic (2020). The possible association between 
worse clinical outcomes of the MINOCA patients treated during the pandemic and the increased risk for 
thromboembolic complications of SARS ‑CoV ‑2 infection needs further evaluation.
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the potential influence of the COVID ‑19 pandem‑
ic on the rate and clinical outcomes of MINOCA 
remains unknown.

The present study aimed to compare the char‑
acteristics and 12 ‑month clinical outcomes of pa‑
tients with MINOCA treated before and during 
the COVID ‑19 pandemic.

PATIENTs ANd mEThOds data source We retro‑
spectively analyzed data from the Polish Registry 
of Acute Coronary Syndromes (PL ‑ACS)—a na‑
tional, multicenter registry that collects informa‑
tion on patients hospitalized with ACS in Poland.13 
PL ‑ACS is a joint venture of the Silesian Center of 
Heart Diseases in Zabrze and the Polish Ministry of 
Health, managed in cooperation with the National 
Health Fund (NHF). The registry was established 
in October 2003. In 2004, it was harmonized with 
the European Cardiology Audit and Registration 
Data Standards (CARDS). The present analysis in‑
volved consecutive patients included in the regis‑
try in 2019 and 2020. At that time, a total of 141 
hospitals submitted data to the registry. The data 
were collected prospectively using electronic case 
report forms which included, among others, in‑
formation on the medical history, comorbidities, 
initial presentation, results of coronary angiogra‑
phy, in ‑hospital treatment, and in ‑hospital out‑
comes. Data on posthospitalization all ‑cause mor‑
tality, including the date of death, were obtained 
from the NHF. The approval of an ethics commit‑
tee was not required due to the retrospective de‑
sign of the analysis.

study population All patients with a principal di‑
agnosis of STEMI and non‑STEMI (NSTEMI) ac‑
cording to the current guidelines of the European 
Society of Cardiology were considered for anal‑
ysis. The exclusion criteria comprised age below 
18 years at the time of hospitalization, a history 
of percutaneous coronary intervention (PCI) or 
coronary artery bypass grafting, as well as out‑
‑of ‑hospital cardiac arrest or heart failure on ad‑
mission (Killip class 3 or 4). Only the patients 
who underwent cardiac catheterization were in‑
cluded in the analysis. The final cohort consisted 
of patients hospitalized for acute myocardial in‑
farction (AMI) without obstructive coronary le‑
sions (<50% diameter stenosis).

statistical analysis The MINOCA patients included 
in this analysis were stratified into 2 groups accord‑
ing to the year of admission (2019 vs 2020). Cat‑
egorical variables were presented as numbers and 
percentages and were compared using the χ2 test 
or Fisher exact test, as appropriate. The normality 
of data distribution was assessed with the Shap‑
iro–Wilk test. Since all quantitative variables were 
non ‑normally distributed, they were expressed 
as medians and interquartile ranges (IQRs), and 
the differences between the groups were com‑
pared using the Mann–Whitney test. The cumu‑
lative 12 ‑month mortality was depicted using the 
Kaplan–Meier curves. The log ‑rank test was used 

INTROduCTION Myocardial infarction (MI) with 
nonobstructive coronary arteries (MINOCA) is 
a heterogeneous syndrome evoked via several dif‑
ferent pathophysiological pathways. It is defined 
by the presence of clinical or laboratory evidence 
of MI and no significant coronary artery stenosis 
(lesions with diameter stenosis <50%).1

In recent years, focus on patients with MINOCA 
has increased. The prevalence of MINOCA among 
all MI cases is estimated to range between 5% and 
15%.2 Unfortunately, this syndrome is related to 
various conditions that are challenging to identi‑
fy, such as coronary microcirculatory dysfunction, 
epicardial coronary spasm, or plaque erosion.3 It 
is possible that inflammation also has an impact 
on the MINOCA prevalence.4 Quesada et al5 re‑
cently reported that the prevalence of ST ‑segment 
elevation MI (STEMI) with no culprit lesion on 
angiography among patients with COVID ‑19 was 
21%. MINOCA is no longer perceived as a benign 
disorder, and cardiologists acknowledged that pa‑
tients with this syndrome are characterized by 
long ‑term outcomes similar to those observed in 
individuals with obstructive coronary artery dis‑
ease. In a recent Italian study,6 the rate of cardi‑
ac death was lower in the MINOCA group than 
in individuals with obstructive coronary artery 
disease (4.2% vs 8.4%; P = 0.03); however, there 
were no significant differences with respect to 
other end points, such as recurrent MI (17.3% vs 
25.4%; P = 0.18), ischemic stroke (9.5% vs 3.7%; 
P = 0.12), or all ‑cause mortality (14.1% vs 20.7%; 
P = 0.26) during a median follow ‑up of 19.9 years.6 
Other studies also confirmed these findings.7,8

SARS ‑CoV ‑2 infection is associated with an in‑
creased risk of thromboembolic complications. In 
some patients, thromboembolic processes may be 
responsible for the development of MINOCA.9 
Other possible causes of MINOCA in the patients 
with COVID ‑19 include myocarditis,10 stress car‑
diomyopathy in the setting of severe illness,11 cor‑
onary artery plaque rupture, epicardial coronary 
spasm, spontaneous coronary artery dissection, 
and nonischemic cardiomyopathy.12 However, 

whAT’s NEw?

Patients with myocardial infarction with nonobstructive coronary arteries 
(MINOCA) still pose a challenge to modern catheterization laboratories be‑
cause determining the real cause of MINOCA is often difficult. COVID ‑19 is 
associated with increased thromboembolic risk, and thromboembolism is 
one of the causes of MINOCA. We analyzed over 50 000 patients with acute 
myocardial infarction treated before and during the COVID ‑19 pandemic (2019 
vs 2020). The rate of MINOCA was higher in 2019 than in 2020, but the pa‑
tients’ characteristics did not differ significantly, except for the higher rate of 
hypercholesterolemia before the pandemic. In ‑hospital complications were 
similar between the groups, with the exception of in ‑hospital stroke, which 
occurred more often during the pandemic. In the 12 ‑month follow ‑up, we 
did not observe higher mortality among the MINOCA patients treated during 
the pandemic. The main novelty of our study stems from providing the most 
recent characteristics and outcomes of Polish patients with MINOCA.



ORIGINAL ARTICLE MINOCA before and during the COVID ‑19 pandemic 3

AMI patients). After excluding individuals young‑
er than 18 old and those after out ‑of ‑hospital car‑
diac arrest, we finally evaluated 3178 patients 
with MINOCA (6.1% of the total AMI group) 
(FIGuRE 1). The rate of MINOCA was higher in 2019 
(1903/28 115; 6.3%) than in 2020 (1275/20 441; 
5.9%; P = 0.03).

The median age of the study population was 
68 years (IQR, 59.5–76.1), and 56.1% of the pa‑
tients were women. The most common comor‑
bidities were hypertension (66.3%), a history 
of smoking (52.2%, including 25.7% of current 
smokers), hypercholesterolemia (31.6%), type 2 
diabetes (18.4%), and atrial fibrillation (13.7%). 
There were no differences between the groups 
(MINOCA 2019 vs MINOCA 2020) apart from 
the rate of hypercholesterolemia (33.9% vs 28.2%; 
P <0.001) and family history of cardiovascular dis‑
eases (5% vs 7%; P = 0.02) (TAbLE 1).

Types of myocardial infarction at presentation Most 
patients presented with NSTEMI (90.7%), and 

to compare the 12 ‑month mortality rates between 
the groups. Moreover, the Cox regression analysis 
was performed to identify independent factors 
associated with all ‑cause mortality at 12 months. 
Baseline characteristic variables (including demo‑
graphics, medical history, comorbidities, and ini‑
tial presentation) that reached a P value of less 
than 0.1 in the univariable model were included 
in the multivariable analysis. The final multivari‑
able model was obtained using the backward vari‑
able selection method. The level of significance was 
set at a P value below 0.05 (2 ‑tailed). All statistical 
analyses were performed using Statistica version 
13.3 (TIBCO Software, Palo Alto, California, Unit‑
ed States) and R software (The R Foundation for 
Statistical Computing, Vienna, Austria).

REsuLTs baseline characteristics We retro‑
spectively analyzed data of 51 734 patients with 
AMI included in the nationwide PL ‑ACS regis‑
try in 2019 and 2020. A working diagnosis of 
MINOCA was made in 3307 patients (6.4% of all 

FIGuRE 1  Study flowchart 
Abbreviations: AMI, acute myocardial infarction; CABG, coronary artery bypass grafting; MINOCA, myocardial infarction 
with nonobstructive coronary arteries; PCI, percutaneous coronary intervention; PL‑ACS, Polish Registry of Acute 
Coronary Syndromes; OHCA, out ‑of ‑hospital cardiac arrest

Patients with AMI enrolled in the PL-ACS 
registry between 2019 and 2020

n = 51 734

Patients with MINOCA
n = 3307

Patients included in the current analysis
n = 3178

Patients who did not meet the MINOCA criteria 
(no obstructive lesions [>50% diameter stenosis]; 
no previous coronary revascularization; no PCI 

or CABG during index hospitalization)
n = 48 427

Patients who met at least 1 exclusion criterion
(n = 120):

• Killip class 3 or 4 (n = 90)
• Resuscitated OHCA (n = 53)
• Age < 18 years (n = 0)

2019
n = 1903

2020
n = 1275
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and during the pandemic (9.2% vs 11%; P = 0.09) 
(FIGuRE 2). In the multivariable analysis, we iden‑
tified the following predictive factors for all‑
cause death: male sex (hazard ratio [HR], 2.09; 
95% CI, 1.43–3.05; P <0.001), age (HR, 1.07; 
95% CI, 1.05–1.09; P <0.001), chronic kidney dis‑
ease (HR, 2.07; 95% CI, 1.27–3.38; P = 0.004), 
peripheral artery disease (HR, 1.96; 95% CI, 
1.1–3.47; P = 0.02), chest pain as the predominant 
symptom before admission (HR, 0.61; 95% CI, 
0.42–0.88; P = 0.009), systolic blood pressure 
on admission (HR, 0.99; 95% CI, 0.986–0.9998; 
P = 0.04), heart rate on admission (HR, 1.01; 
95% CI, 1.002–1.02; P = 0.02), STEMI on admis‑
sion (HR, 2.10; 95% CI, 1.17–3.79), and ejection 
fraction (HR, 0.98; 95% CI, 0.97–0.997; P = 0.02) 
(TAbLE 4).

dIsCussION To our best knowledge, this is so 
far the largest all ‑comers population study pro‑
viding data on the occurrence of MINOCA in pa‑
tients treated before and during the COVID ‑19 
pandemic. MINOCA is a challenging disease as‑
sociated with significant morbidity and mortali‑
ty. The concomitance of COVID ‑19 and MINOCA 
increases the risk of subsequent adverse events. It 
was reported that patients with MI and COVID ‑19 
presented significantly higher morbidity and mor‑
tality than the patients with MI who did not suffer 

chest pain was the most common symptom (81%). 
The median duration of symptoms before ad‑
mission to the PCI center was 8.2 hours (IQR, 
3.9–24.9), and the median door ‑to ‑catheter time 
was 3.7 hours (IQR, 1–13.3). Interestingly, these 
variables did not differ between the analyzed pe‑
riods, that is, before and during the pandemic. 
More details are presented in TAbLE 2.

In ‑hospital course The  overall all ‑cause in‑
‑hospital death rate was 1.4%, with no signifi‑
cant differences between the groups. However, 
in ‑hospital stroke was more frequently observed 
during the pandemic (0% vs 0.3%; P = 0.01). The 
frequency of other in ‑hospital complications was 
similar between the groups. Most participants 
were discharged on aspirin (85.6%), a β ‑blocker 
(73.1%), an angiotensin ‑converting enzyme in‑
hibitor or angiotensin receptor blocker (70.2%), 
and a statin (62.7%), but only 50.6% of the pa‑
tients received a P2Y12 inhibitor (TAbLE 3).

Follow‑up outcomes and predictive factors The data 
on 12 ‑month all ‑cause mortality were available for 
3177 patients (99.9%). At the 12 ‑month follow‑
‑up, the all ‑cause mortality rate in the whole 
study population was 9.9% (n = 315). There was 
no difference in the 12 ‑month all ‑cause mortal‑
ity in the patients with MINOCA treated before 

TAbLE 1 Baseline characteristics of the patients with myocardial infarction with nonobstructive coronary arteries 
treated before (2019) and during the COVID ‑19 pandemic (2020)

Parameter MINOCA patients P value

Total (n = 3178) 2019 (n = 1903) 2020 (n = 1275)

Male sex 1396 (43.9) 843 (44.3) 553 (43.4) 0.61

Age, y 68 (59.5–76.1) 67.8 (59.2–76.4) 68.2 (59.9–76) 0.38

BMI, kg/m2 27.7 (24.7–31.1) 27.7 (24.5–31.1) 27.7 (24.8–31.1) 0.8

Family history of CVD 177 (5.8) 91 (5) 86 (7) 0.02

Smoking Current smoking 713 (25.7) 414 (25.2) 299 (26.4) 0.26

Former smoking 736 (26.5) 422 (25.7) 314 (27.7)

Never ‑smoking 1326 (47.8) 805 (49.1) 521 (45.9)

Hypercholesterolemia 922 (31.6) 589 (33.9) 333 (28.2) <0.001

Hypertension 2048 (66.3) 1240 (67.2) 808 (65.1) 0.22

Diabetes or 
prediabetes

Type 2 diabetes 575 (18.4) 355 (19) 220 (17.4) 0.46

Type 1 diabetes 19 (0.6) 12 (0.6) 7 (0.6)

Impaired fasting glucose 54 (1.7) 27 (1.4) 27 (2.1)

Impaired glucose tolerance 33 (1.1) 18 (1) 15 (1.2)

None 2448 (78.2) 1455 (77.9) 993 (78.7)

Chronic kidney disease  
(eGFR <60 ml/min/1.73 m2)

168 (5.3) 101 (5.3) 67 (5.3) 0.95

Previous myocardial infarction 195 (6.2) 120 (6.3) 75 (5.9) 0.63

Atrial fibrillation 435 (13.7) 257 (13.5) 178 (14) 0.7

Heart failure 242 (7.7) 135 (7.1) 107 (8.5) 0.17

Previous stroke 159 (5) 94 (4.9) 65 (5.1) 0.85

Peripheral artery disease 114 (3.6) 67 (3.5) 47 (3.7) 0.81

Data are presented as number (percentage) or median (interquartile range).

Abbreviations: BMI, body mass index; CVD, cardiovascular disease; eGFR, estimated glomerular filtration rate; 
others, see FIGuRE 1
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the percentage of cases reported in other stud‑
ies.6,15‑17 In our analysis, we observed a striking de‑
crease in the number of MI cases by 37.5% (28 115 
in 2019 vs 20 441 in 2020), which was also not‑
ed in other national registries.18 The database en‑
dorsed by the Association of Cardiovascular In‑
terventions of the Polish Cardiac Society and op‑
erated daily by the Jagiellonian University Medi‑
cal College showed that the COVID ‑19 pandemic 
had had an enormous impact on intervention‑
al cardiology in Poland. A substantial decrease in 
the number of coronary angiography and PCI pro‑
cedures across various indications, as well as un‑
deruse of modern imaging and physiological as‑
sessment techniques were observed. In compar‑
ison with 2019, 2020 brought a substantial de‑
crease (by 25%) in the total number of reported 

from COVID ‑19.14 However, our study showed that 
the percentage of MINOCA was higher in 2019 
than in 2020 (6.3% vs 5.9%; P = 0.03). The all‑
‑cause in ‑hospital death rate was 1.4%, with no 
significant differences between the groups. At the 
12 ‑month follow ‑up, the all ‑cause mortality rate 
was 9.9% (n = 315). There was no difference in 
the 12 ‑month all ‑cause mortality between the pa‑
tients with MINOCA treated before and during 
the pandemic, only a trend toward a worse out‑
come in the patients treated in 2020 was observed 
(9.2% vs 11%; P = 0.09). Notably, the dramatic sit‑
uation and the reduction in the number of ACS pa‑
tients presenting to hospitals at the beginning of 
2020, which resulted in an increase in mortality, 
might have largely contributed to the outcomes. 
The rate of MINOCA was at the lower range of 

TAbLE 2 Characteristics of myocardial infarction with nonobstructive coronary arteries

Parameter MINOCA P value

Total (n = 3178) 2019 (n = 1903) 2020 (n = 1275)

MINOCA presentation STEMI 294 (9.3) 180 (9.5) 114 (8.9) 0.62

NSTEMI 2884 (90.7) 1723 (90.5) 1161 (91.1)

Predominant symptoms 
before admission

Chest pain 2574 (81) 1579 (83) 995 (78) 0.01

Dyspnea 370 (11.6) 195 (10.2) 175 (13.7)

Fatigue 56 (1.8) 32 (1.7) 24 (1.9)

Syncope 33 (1) 22 (1.2) 11 (0.9)

Other symptoms 111 (3.5) 57 (3) 54 (4.2)

No symptoms 34 (1.1) 18 (0.9) 16 (1.3)

First medical contact PCI ‑capable center (self ‑referral) 281 (8.8) 196 (10.3) 85 (6.7) <0.001

PCI ‑capable center (by EMS) 895 (28.2) 517 (27.2) 378 (29.7)

Non ‑PCI center 1534 (48.3) 930 (48.9) 604 (47.4)

Cardiology outpatient clinic 266 (8.4) 131 (6.9) 135 (10.6)

Primary health care center 200 (6.3) 128 (6.7) 72 (5.7)

Duration of symptoms before admission to a PCI center, h 8.2 (3.9–24.9) 8.2 (4–24.3) 8.2 (3.8–26.2) 0.62

Door ‑to ‑catheter time, h 3.7 (1–13.3) 3.7 (1–13.6) 3.7 (1–13) 0.76

Killip classification Class 1 2905 (91.4) 1742 (91.5) 1163 (91.2) 0.75

Class 2 273 (8.6) 161 (8.5) 112 (8.8)

Rhythm on ECG Sinus 2823 (88.9) 1693 (89) 1130 (88.8) 0.89

Paced 29 (0.9) 19 (1) 10 (0.8)

AF/AFl 245 (7.7) 143 (7.5) 102 (8)

Other 78 (2.5) 47 (2.5) 31 (2.4)

QRS changes on ECG LBBB 143 (4.5) 95 (5) 48 (3.8) 0.26

RBBB 129 (4.1) 82 (4.3) 47 (3.7)

Other QRS changes 513 (16.1) 298 (15.7) 215 (16.9)

No QRS changes 2393 (75.3) 1428 (75) 965 (75.7)

ST ‑T changes on ECG ST ‑segment elevation 312 (9.8) 187 (9.9) 125 (9.8) 0.34

ST ‑segment depression 725 (22.8) 432 (22.8) 293 (23)

T ‑wave inversion 419 (13.2) 247 (13) 172 (13.5)

Other ST ‑T changes 1059 (33.4) 616 (32.5) 443 (34.7)

No ST ‑T changes 658 (20.7) 416 (21.9) 242 (19)

LVEF, % 55 (45–60) 55 (45–60) 54 (45–60) 0.26

Data are presented as number (percentage) or median (interquartile range).

Abbreviations: AF, atrial fibrillation; AFl, atrial flutter; ECG, electrocardiography; LVEF, left ventriculr ejection fraction, EMS, Emergency Medical Service; 
LBBB, left bundle branch block; NSTEMI, non–ST ‑segment elevation myocardial infarction; RBBB, right bundle branch block; STEMI, ST ‑segment 
elevation myocardial infarction; others, see FIGuRE 1
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coronary angiographies (172 521 vs 130 662), as 
well as of PCI procedures (101 716 vs 82 349).14,19 
This was also observed in other countries where 
COVID ‑19 impacted the unplanned hospitaliza‑
tion rates. Wang et al20 reported a significant de‑
crease in the overall hospitalization rate (–182 
per 100 000), as well as a decline in the rate of un‑
planned hospitalizations (–39 per 100 000) and 
hospitalizations due to AMI (–1.32 per 100 000), 
stroke (–1.51 per 100 000), and heart failure (–8.7 
per 100 000). The causes of these findings are mul‑
tifactorial, and we should mention at least the fol‑
lowing: patients’ fear of COVID‑19 contraction, 
an excess of prepandemic hospitalizations, as well 
as pandemic mitigation measures, such as cancel‑
lation of nonurgent procedures and treatments. 
Also, the MINOCA symptoms might not be as se‑
vere and persistent as those of acute MI with total 
occlusion; therefore, it is possible that more pa‑
tients decided not to report to emergency depart‑
ments. Moreover, most patients did not present 
with STEMI, and when SARS ‑CoV ‑2 infection was 
confirmed, coronary angiography was often post‑
poned, and COVID ‑19 could have been the cause 
of death. This also might have led to the fewer reg‑
istered cases of MINOCA.

Previous studies showed increased rates of 
mortality and complications from acute MI and 
stroke during the pandemic, as compared with 
the preceding years.21‑23 Thus, we expected to note 
an increase in in ‑hospital mortality rates from ur‑
gent, non–COVID ‑19–related conditions, such as 
acute MI and stroke. However, we did not find 

TAbLE 3 In ‑hospital course and complications

Parameter MINOCA P value

Total 
(n = 3178)

2019 
(n = 1903)

2020 
(n = 1275)

Complications

Cardiogenic shock 6 (0.2) 3 (0.2) 3 (0.2) 0.62

Pulmonary edema 2 (0.1) 1 (0.1) 1 (0.1) 0.78

Acute mitral regurgitation 5 (0.2) 2 (0.1) 3 (0.2) 0.37

Free wall rupture 6 (0.2) 4 (0.2) 2 (0.2) 0.73

Ventricular septal rupture 3 (0.1) 2 (0.1) 1 (0.1) 0.81

Major bleeding 23 (0.7) 14 (0.7) 9 (0.7) 0.92

Outcomes

In ‑hospital stroke 4 (0.1) 0 4 (0.3) 0.01

In ‑hospital recurrent MI 2 (0.1) 1 (0.1) 1 (0.1) 0.78

In ‑hospital cardiac arrest 19 (0.6) 8 (0.4) 11 (0.9) 0.11

All ‑cause in ‑hospital death 46 (1.4) 22 (1.2) 24 (1.9) 0.09

Noncardiovascular death 6 (0.2) 3 (0.2) 3 (0.2) 0.62

Medications at discharge

Aspirin 2708 (85.6) 1626 (85.9) 1082 (85.1) 0.55

P2Y12 inhibitor 1607 (50.6) 994 (52.2) 613 (48.1) 0.02

OAC 434 (13.7) 247 (13) 187 (14.7) 0.17

ACEI or ARB 2231 (70.2) 1352 (71) 879 (68.9) 0.20

β ‑Blocker 2313 (73.1) 1396 (73.7) 917 (72.1) 0.30

Statin 1993 (62.7) 1201 (63.1) 792 (62.1) 0.57

Data are presented as number (percentage).

Abbreviations: ACEI, angiotensin ‑converting enzyme inhibitor; ARB, angiotensin 
receptor blocker; MI, myocardial infarction; OAC, oral anticoagulant; others, see 
FIGuRE 1

FIGuRE 2  Kaplan–Meier curves showing all ‑cause mortality rates in the patients with myocardial infarction with 
nonobstructive coronary arteries. Hazard ratio (HR) with a corresponding 95% CI refers to the effect of admission in 
2020 (vs 2019) on all ‑cause mortality at 12 months in the multivariable Cox regression model.
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coronary angiography, and rarely supported by 
intravascular imaging and cardiac magnetic res‑
onance. Another reason might be poor long ‑term 
monitoring of patients with ACS,26 since, as pre‑
viously shown, the patients with close follow‑
‑up are characterized by better outcomes in Po‑
land.27 In our study, the 12 ‑month outcomes tend‑
ed to be worse for the MINOCA patients treated 
in 2020, with male sex, age, chronic kidney dis‑
ease, peripheral artery disease, and STEMI on ad‑
mission as the most important factors associat‑
ed with a poor prognosis.

Partially, as mentioned above, it may be due to 
impaired access to medical care after discharge, 
but also to the thrombotic risk associated with 
COVID ‑19. Early studies regarding SARS ‑CoV ‑2 
described a correlation between coagulation pa‑
rameter derangement and worse patient out‑
comes. Furthermore, postmortem examination 
of patients who died from COVID ‑19 demon‑
strated direct viral infection of the endothelial 
cells evoking diffuse endothelialitis, microcircu‑
latory dysfunction, and widespread thrombotic 
microangiopathy. These abnormalities could be 
prognostic markers of thrombotic complications 
rather than of bleeding events.28 Literature data 
show that patients hospitalized for COVID ‑19 

evidence of significant changes in the percent‑
age of in ‑hospital mortality or the mean length 
of hospital stay after the  implementation of 
COVID ‑19 containment measures, as compared 
with the prepandemic period.

Nevertheless, we must stress that despite rel‑
atively few MINOCA cases, mechanical compli‑
cations have been observed, such as ventricular 
septal or free wall rupture. This is in accordance 
with previous reports and our recent systemat‑
ic review on MINOCA complications.24 The liter‑
ature search revealed 5 cases of intraventricular 
septal rupture, 3 cases of free wall rupture with 
pericardial effusion or cardiac tamponade, and 3 
cases of bleeding complications (intracerebral or 
intestinal bleeding). Moreover, the rates of ven‑
tricular arrhythmia ranged from 2% to 13.8%, 
and the in ‑hospital death rate ranged from 0.9% 
to 6.4%.25

In the present study, the mortality rate among 
patients with MINOCA was around 10%, depend‑
ing on the year of admission. On the other hand, 
in the recently published largest available MIN‑
OCA database, the 12 ‑month mortality rate was 
approximately 3.5%.8 The difference might have 
been associated with worse diagnostic methods 
in Poland, mainly based on echocardiography and 

TAbLE 4 Factors associated with 12 ‑month all ‑cause mortality: results of univariable and multivariable Cox regression analyses

Variable Univariable model Multivariable model

HR (95% CI) P value HR (95% CI) P value

Male sex 1.27 (1.02–1.59) 0.03 2.09 (1.43–3.05) <0.001

Age (per 1 ‑year increase) 1.06 (1.05–1.07) <0.001 1.07 (1.05–1.09) <0.001

BMI (per 1 kg/m2 increase) 0.97 (0.94–1) 0.02 – –

Family history of heart disease 0.85 (0.5–1.42) 0.53 – –

Current smoking (vs former or never smoking) 0.72 (0.54–0.97) 0.03 – –

Hypercholesterolemia 0.89 (0.69–1.15) 0.37 – –

Hypertension 0.82 (0.65–1.04) 0.10 – –

Diabetes 1.61 (1.25–2.07) <0.001 – –

Chronic kidney disease 3.18 (2.31–4.38) <0.001 2.07 (1.27–3.38) 0.004

Previous myocardial infarction 1.22 (0.8–1.87) 0.36 – –

Atrial fibrillation 1.90 (1.46–2.47) <0.001 1.47 (0.93–2.34) 0.10

Heart failure 2.42 (1.79–3.27) <0.001 – –

Previous stroke 1.67 (1.11–2.51) 0.01 – –

Peripheral artery disease 2.67 (1.8–3.96) <0.001 1.96 (1.1–3.47) 0.02

Chest pain as the predominant symptom before admission 0.57 (0.45–0.73) <0.001 0.61 (0.42–0.88) 0.009

PCI ‑capable center as a first medical contact 1.04 (0.83–1.31) 0.73 – –

Duration of symptoms before admission to PCI center (per 1 ‑hour increase) 1 (1–1) 0.97 – –

Killip class 2 (vs class 1) 2.59 (1.95–3.45) <0.001 – –

Systolic blood pressure on admission (per 1 mm Hg increase) 0.988 (0.983–0.993) <0.001 0.993 (0.99–0.9998) 0.04

Heart rate on admission (per 1 bpm increase) 1.01 (1.01–1.02) <0.001 1.01 (1.002–1.02) 0.02

Rhythm other than sinus 1.52 (1.12–2.06) 0.007 0.64 (0.36–1.15) 0.14

LBBB or RBBB 1.51 (1.07–2.11) 0.02 – –

STEMI (vs NSTEMI) 2.07 (1.53–2.79) <0.001 2.10 (1.17–3.79) 0.01

Ejection fraction (per 1% increase) 0.96 (0.95–0.97) <0.001 0.98 (0.97–0.997) 0.02

Hospital admission in 2020 (vs 2019) 1.21 (0.97–1.51) 0.09 1.32 (0.92–1.88) 0.13

Abbreviations: see TAbLEs 1 and 2
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are characterized by an increased risk of venous 
thromboembolism (pulmonary embolism and 
deep vein thrombosis), as well as higher rates of 
arterial thromboembolism (MI, systemic arteri‑
al embolism, stroke, or acute limb ischemia).29‑31

The  present study has some limitations. 
The first one is its observational design. Second, 
the follow ‑up data were taken from the NHF, so 
we did not have access to detailed information on 
the causes of death or other end points, such as 
recurrent MI or repeated coronary angiography. 
Moreover, the lack of data on cardiac magnetic 
resonance, intracoronary imaging, microcircu‑
lation resistance, and provocative spasm testing 
prevented us from dividing the patients into sub‑
groups based on the pathophysiological mecha‑
nisms. Finally, we did not have information on 
SARS ‑CoV ‑2 infection in the analyzed group of 
patients with MINOCA.

In conclusion, we observed a lower percentage 
of MINOCA cases and higher in ‑hospital stroke 
rates in the patients with MINOCA treated dur‑
ing the COVID ‑19 pandemic (2020). The possible 
association between worse clinical outcomes of 
the MINOCA patients treated during the pandem‑
ic and thromboembolic complications of SARS‑
‑Cov ‑2 infection needs further evaluation.
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