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Abstract

Objective Coronavirus disease-2019 (COVID-19) can particularly affect the respiratory and cardiovascular systems and cause serious mortality. Mitral annular calcification (MAC) is 
a mitral valve pathology associated with cardiac mortality. We aimed to evaluate the effect of MAC on myocardial injury (MI) and mortality, which can develop secondary 
to COVID-19 infection.

Materials 
and Methods

After applying the exclusion criteria, thorax computed tomography (CT) images of the remaining 1151 consecutive COVID-19 patients were evaluated. Calculation of 
MAC scores was done by two expert radiologists blinded to the study data. MI was defined as those with hs-TnI level (≥34 ng/dl). Patients included in the study were 
classified as having mortality and not occurring.

Results Male gender, advanced age (>65), hypertension, diabetes mellitus, chronic obstructive pulmonary disease, chronic kidney disease (CKD), coronary artery disease, heart 
failure and atrial fibrillation rates were statistically higher in the mortality group (p<0.05). The presence of MAC was 34.1% in the mortality group, while it was 16% in the 
survival group (p<0.001). MI was observed 49.3% in the mortality group, while it was 16.2% in the survival group (p<0.001). Presence of MAC was associated with MI 
(14.8% vs 38.7%, p<0.001). Age (OR=1.976, 95% CI 1.166-3.346, p=0.011), male gender (OR=1.784, 95% CI 1.101-2.892, p=0.019), CKD (OR=2.293, 95% CI 1.085-4.485, 
p=0.030), MI (OR=2.893, 95% CI 1.735-4.823, p<0.001) and advanced lung involvement on CT (OR=2.231, 95% CI 1.084-4.594, p=0.029) were the independent predictors 
of mortality

Conclusion In terms of MI and mortality risk in COVID-19 patients, it may be recommended to evaluate MAC from the CT images.

Keywords Coronavirus; COVID-19 infection;  mitral annular calcification; myocardial injury, computed tomography

Öz

Amaç Koronavirüs hastalığı-2019 (COVID-19) özellikle solunum ve kardiyovasküler sistemleri etkileyerek mortaliteye ve ciddi morbiditelere neden olabilir. Mitral halka şeklindeki kalsifikasyon 
(MAC), kardiyak mortalite ile ilişkili bir mitral kapak patolojisidir. Bu çalışmada, MAC’ın COVID-19 enfeksiyonuna sekonder gelişebilen miyokard hasarı (MI) ve mortalite üzerine etkisini 
değerlendirmeyi amaçladık.

Gereç ve 
Yöntemle

Dışlama kriterleri uygulandıktan sonra geriye kalan 1151 ardışık COVID-19 hastasının toraks bilgisayarlı tomografi (BT) görüntüleri değerlendirildi.  MAC puanlarının hesaplanması, 
çalışma verilerine kör olan iki uzman radyolog tarafından yapıldı. MI, hs-TnI düzeyi (≥34 ng/dl) olanlar olarak tanımlandı. Çalışmaya dahil edilen hastalar mortalitesi olan ve olmayan 
olarak sınıflandırıldı.

Bulgular Mortalite grubunda erkek cinsiyet, ileri yaş (>65), hipertansiyon, diabetes mellitus, kronik obstrüktif akciğer hastalığı, kronik böbrek hastalığı (KKD), koroner arter hastalığı, kalp yetmezliği 
ve atriyal fibrilasyon oranları istatistiksel olarak daha yüksekti (p<0.05). Mortalite grubunda MAC varlığı %34.1, sağkalım grubunda ise %16 idi (p<0.001). Miyokardiyal hasar mortalite 
grubunda %49.3, sağkalım grubunda ise %16.2 olarak saptandı (p<0.001). MAC varlığı MI ile ilişkiliydi (%14.8’e karşılık %38.7, p<0.001).Yaş (OR=1.976, 95% CI 1.166-3.346, p=0.011), 
erkek cinsiyet (OR=1.784, 95% CI 1.101-2.892, p=0.019), kronik böbrek yetersizliği (OR=2.293, 95% CI 1.085-4.485, p=0.030), MI (OR=2.893, 95% CI 1.735-4.823, p<0.001) ve küçük 
hücreli akciğer tutulumu (OR=2.231, 95% CI 1.084-4.594, p=0.029) mortalitenin bağımsız belirleyicileri idi.

Sonuç COVID-19 hastalarında MI ve mortalite riski açısından BT görüntülerinden MAC değerlendirilmesi önerilebilir.

Anahtar 
Kelimeler

Koronavirüs; COVID-19 enfeksiyonu;  mitral anüler kalsifikasyon; miyokard hasarı; bilgisayarlı tomografi
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INTRODUCTION
Coronavirus-2 (SARS-CoV-2) is a viral disease that cau-
ses severe acute respiratory syndrome. Coronavirus dise-
ase-2019 (COVID-19) aff ects the respiratory system and 
cardiovascular system and can cause mortality.1 As the 
COVID-19 pandemic threatens global health, learning 
about the pathogenesis and clinical course of the disease 
can help identify therapeutic targets and guide the clinical 
approach.

Mitral annular calcification (MAC) is a chronic degene-
rative process in which micro-injuries and endothelial 
dysfunction result in calcium deposition on the fibrous 
support structure of the mitral valve.2,3 Mitral annular 
calcification primarly develops in the posterior part of 
the mitral annulus and is oft en associated with athero-th-
rombosis risk factors.4 Th e prevalence of MAC is between 
8% and 15%, and it tends to increase in the elderly patient 
group, hypertension (HT), dyslipidemia, hypertrophic 
cardiomyopathy, aortic stenosis, and chronic kidney di-
sease (CKD).5 Mitral annular calcification is associated 
with cardiovascular mortality and various comorbidities 
including cardiovascular events.6,7  Although MAC is usu-
ally asymptomatic, its clinical significance is its association 
with cardiovascular diseases and mortality.

Various pathologies have been identified associated with 
an increased risk of mortality in COVID-19 patients, such 
as embolic events, cardiovascular involvement secondary 
to the infection, presence of CAD, HT, chronic obstructive 
pulmonary disease (COPD), and CKD priot to the infec-
tion.8,9 It has been reported that myocardium can be aff e-
cted directly or through the cytokine storm in COVID-19 
infection.10 It has also been shown that increased cardiac 
troponin levels may be associated with poor prognosis in 
COVID-19 patients.11 Th ere is no literature data on myo-
cardial injury and mortality rates in COVID-19 patients 
with MAC. In our study, we assessed the eff ect of MAC, 
which was evaluated by computed tomography (CT), on 
the development of myocardial injury and mortality rates 

in COVID-19 patients.

MATERIALS and METHODS
Patients, who were hospitalized between November 2020 
and January 2021 with the diagnosis of COVID-19 and 
underwent thoracic CT were included in the study. CO-
VID-19 was detected as a result of a sample taken from the 
nasopharynx using the polymerase chain reaction (PCR) 
test. Patients under 18, pregnant women, and those with 
suboptimal image quality were determined as exclusi-
on criteria. A total of 55 patients were excluded from the 
study for various reasons; 14 patients under the age of 18, 
23 were pregnant, and 54 had suboptimal image quality 
(Figure 1). 

Figure 1.Evaluation of mitral anular calcification
A
• Sagittal plane: It is evaluated whether the calcification ex-
tended to the mitral valve in this plane.
• Mitral annular calcification was observed.
• Extension of calcification to mitral valves was not detected

Th e study continued with the remaining 1151 patients. 
Th oracic CT images of patients were performed within the 
first two days of hospitalization. Th e higher limit value of 
the troponin test kit in our laboratory in hospital was 34 
ng/L. Myocardial injury was defined as being high-sen-
sitive troponin I (hs-TnI) level ≥34 ng/dl at the time of 
hospitalization. Patients were divided into groups as those 
who died during hospitalization and those who were disc-
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harged. Th e study was conducted within the framework of 
the principles stated in the Declaration of Helsinki and was 
approved by the ethics committee of the hospital where the 
study was conducted (No: 2021/61). Before the patients 
were included in the study, the patients were informed 
about the study and the patients signed an informed con-
sent document that they agreed to participate in the study.

During follow-up, the survival status of the patients was 
obtained using the hospital data system and confirmed 
through the national death notification system. D-dimer, 
C-reactive protein (CRP), hs-TnI, glucose, whole blood 
analysis, and kidney function test, obtained at the day of 
hospitalization, were searched and recorded through the 
hospital’s laboratory data.

Low-dose unenhanced thoracic CT scans were perfor-
med on the patients at admission. Patients were CT scan-
ned in the supine position during end-inspiration using 
a 128-slice scanner (General Electric, Revolution EVO, 
USA). A low-dose CT protocol was performed with the 
following scanning parameters: 0.5 s gantry rotation time, 
0.625 mm×64 detector array, 1.375mm/s step, table speed/
rotation, 80 mA, 100 kV, and 512x512 matrix. ASIR was 
on and Auto mA scan parameter was off ; 0.625 mm slice 
thickness and 0.625 mm reconstruction interval were used 
for sagittal and coronal image reconstruction. 

Th e thoracic CT images were interpreted by two experien-
ced radiologists who were blind to the patients’ data. Th e 
measurements were recorded based on the consensus of 
two radiologists. Th e repeated measurement of each image 
was performed by one radiologist and confirmed by ano-
ther.   If a consensus could not be reached, a third radio-
logist’s opinion was sought. All CT images were taken in 
axial, sagittal and coronal planes.

 Mitral annular calcification was evaluated in the cardiac 
soft ware (CardIQ Xpress) on the workstation of the CT de-
vice. ‘CT-based mitral annular calcification scoring’, previ-

ously published in the literature, was used to evaluate mit-
ral annular calcification. Mean annulus calcium thickness 
(<5 mm 1 point, 5-9.9 mm 2 points, 10 mm≤ 3 points); 
calcium distribution in the annulus (<180’ 1 point, 180’-
270’ 2 points, 270’≤ 3 points); trigone calcification (absent 
0 point, anterolateral 1 point, posteromedial 1 point); and 
mitral leafl et calcification (absent 0 point, anterior 1 point, 
posterior 1 point) were analysed in the scoring. Mild MAC 
was defined as 3 points or less, moderate MAC 4 to 6 po-
ints, and severe MAC 7 points or above (Figure 2).12

Figure 2.Evaluation of mitral anular calcification 
B
• Plane showing the level of the mitral annulus in the cardiac 
soft ware program.
• Degree that calcification surrounds the mitral annulus, 
the thickness of the calcification, and trigon involvement are 
evaluated.

According to the rate of involvement in itself, the seve-
rity of parenchymal involvement of COVID-19 infection 
is based on scoring the lobar involvement, which is a se-
mi-quantitative CT score. Lobar involvement and scoring 
in each lobe: 0: % 0; 1: <% 5; 2: % 5–25; 3: 26–50%; 4: % 
51–75; 5: >% 75. Th e total score ranges from 0 to 25.13 In 
the present study, we considered 0-8 points as mild, 9-16 
points as moderate and 17-25 points as severe parenchy-
mal involvement.
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Figure 3 .Evaluation of mitral anular calcification 
C
• Axial plane
• Mitral annular calcification was observed.
• Extension of calcification to mitral valves was not detected.

Th e study protocol was designed in accordance with the 
principles of the Helsinki Declaration and approved by the 
Ethics Committee of Trabzon Kanuni Education and Rese-
arch Hospital ( Approval number:2021/61, date: 4.4.2021).

Statistical analysis
Th e Social Sciences Statistical Program (for windows 22; 
SPSS Inc, Chicago) was used for all statistical calculations. 
Normal distribution of continuous variables was evaluated 
using the Kolmogorov-Smirnov test. Th e Student’s t-test 
was used for continuous univariate analysis. Th e Chi-Squ-
are test was used for categorical variables. Th e kappa sta-
tistic was used to measure intraobserver agreement (one 
week apart) and interobserver agreement. In multivariate 
analyses, possible factors identified by univariate analyses 
were used to determine the independent determinants of 
mortality. P value below 0.05 was considered significant.

RESULTS
Th e study continued with the remaining 1151 patients af-
ter the exclusion criteria were met from 1242 consecuti-
ve hospitalized COVID-19 patients. Of the patients, 658 
(57.2%) were male, 493 (42.8%) were female, and the mor-

tality rate was higher in males (p=0.004). Th e mean age 
was 74 ±10.8 in the mortality group, while 62.7±14.9 in the 
survival group (p<0.001). HT (p<0.001), diabetes mellitus 
(DM) (p=0.042), COPD (p<0.001), CKD (p<0.001), CAD 
(p<0.001), heart failure (HF) (p<0.001) and AF (p<0.001) 
were statistically higher in the group that developed mor-
tality during the hospitalization period (Table 1).
 
Glucose (p<0.001), CRP (115.8±73.6 vs. 67.2±60.7, 
p<0.001), and troponin levels (157.8±697.3 vs. 34.7±201, 
p<0.001) were statistically higher in the death group. 
While the number of patients with myocardial injury in 
the mortality group was 146 (49.3%), it was 138 (16.2%) 
in the survival group (p<0.001). D-dimer, white blood cell 
(WBC), neutrophil levels and neutrophil/lymphocyte ra-
tio were higher in the mortality group (p<0.001 for all). 
Hemoglobin, platelet, and lymphocyte levels were higher 
in the survival group (p=0.025, p<0.001, and p=0.005, res-
pectively) (Table 1).

Th e incidence of mitral annular calcification was 101 
(34.1%) in the mortality group and 137 (16%) in the sur-
vival group (p<0.001). While the mean MAC score was 
0.96±1.6 in the mortality group, it was 0.47±1.3 in the sur-
vival group (p<0.001). Higher rates of death were observed 
in patients with advanced lung parenchyma involvement 
on thorax CT (p<0.001) (Table 1).
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Table 1.Demographic, laboratory and tomography data of patient 
groups.

Variables Mortality 
(n=296)

Survival 
(n=855) p value

Age 74±10.8 62.7±14.9 <0.001

>65 y/o, n( %), 246 (83.1) 412 (48.2) <0.001

Male gender, (n %) 179 (60.5) 434 (50.8) 0.004

Hypertension,(n %) 248 (83.8) 590 (69) <0.001

Diabetes mellitus, 
(n %) 137 (46.3) 338 (39.5) 0.042

COPD, (n %) 85 (28.7) 131 (15.3) <0.001

CKD, (n %) 65 (22) 70 (8.2) <0.001

CAD, (n %) 107 (36.1) 189 (22.1) <0.001

HF, (n %) 48 (16.2) 35 (4.1) <0.001

AF, (n %) 49 (16.6) 69 (8.1) <0.001

Glucose, mg/dl 167.7±91.1 143.9±68.5 <0.001

GFR 53.3±29.9 72.2±23.4 <0.001

CRP, mg/l 115.5±73.6 67.2±60.7 <0.001

Troponin, ng/dl 157.8±697.3 34.7±201 <0.001

D-dimer, mg/dl 2473.7±4908.3 1319.7±3788.5 <0.001

WBC, x103/µL 8.7±5.1 6.9±3.1 <0.001

Hb, g/dl 13.1±2.1 13.7±4.7 0.025

Plt, x103/µL 184.2±70.6 204.9±85.7 <0.001

Plt<100, x103/µL 25 (8.4) 34 (4) 0.003

Neutrophyl, x103/µL 6.9±4.5 4.9±2.8 <0.001

Lymphocyte, x103/
µL 1.2±2.3 1.4±0.9 0.005

NLR 10.1±11.3 4.5±4.4 <0.001

MAC score 0.96±1.6 0.47±1.3 <0.001

MAC, (n %) 101 (34.1) 137 (16) <0.001

MI, (n %) 146 (49.3) 138 (16.2) <0.001

COPD: Chronic obstructive pulmonary disease, CKD: Chronic 
kidney disease, CAD: Coronary artery disease, HF: Heart failure, 
AF: Atrial fi brillation, GFR: Glomerular fi ltration rate, CRP: C 
reactive protein, WBC: White blood cell, Hb: Hemoglobulin, Plt: 
Platelet, NLR: Neutrophyllymphocyte ratio, MAC: Mitral annular 
calcifi cation,MI: Myocardial injury

As a result of multivariate regression analysis, age 
(OR=1.976, 95% CI 1.166-3.346, p=0.011), male gen-
der (OR=1.784, 95% CI 1.101-2.892, p=0.019), CKD 
(OR=2.293) in COVID-19 patients, 95% CI 1.085-4.485, 
p=0.030), myocardial injury development (OR=2.893, 
95% CI 1.735-4.823, p<0.001) and advanced lung parench-
ymal involvement on computed tomography (OR=2.231, 

95% CI 1.084-4.594, p=0.029) were independently asso-
ciated with mortality (Table 2). It was observed that the 
presence of MAC was associated with the development of 
myocardial damage (14.8% - 38.7%, p<0.001) and CKD 
(18.8% - 34.8%, p<0.001).

Table 2.Mortality predictors.

Variables %95 CI Odds Ratio p value

Age>65 y/o 1,166-3,346 1,976 0,011

Male gender, (n %) 1,101-2,892 1,784 0,019

Hypertension,( n %) 0,491-1,631 0,895 0,717

Diabetes mellitus, (n %) 0,677-1,832 1,114 0,670

COPD, (n %) 0,802-2,566 1,435 0,223

CKD, (n %) 1,085-4,845 2,293 0,030

CAD, (n %) 0,537-1,572 0,919 0,758

HF, (n %) 0,577-3,111 1,339 0,497

AF, (n %) 0,461-2,170 1,000 0,999

Glucose, mg/dl 1,000-1,006 1,003 0,089

GFR 0,979-1,004 0,992 0,198

CRP, mg/l 1,000-1,007 1,003 0,061

D-dimer, mg/dl 1,000-1,000 1,000 0,215

WBC, x103/µL 0,214-1,367 0,541 0,194

Hb, g/dl 0,949-1,045 0,996 0,871

Plt<100, x103/µL 0,301-2,248 0,823 0,704

Neutrophyl, x103/µL 0,790-5,224 2,031 0,142

Lymphocyte, x103/µL 0,702-5,054 1,884 0,208

MAC 0,838-2,681 1,499 0,172

MI, (n %) 1,735-4,823 2,893 <0.001

COPD: Chronic obstructive pulmonary disease, CKD: Chronic kidney 
disease, CAD: Coronary artery disease, HF: Heart failure, AF: Atrial 
fi brillation, GFR: Glomerular fi ltration rate, CRP: C reactive protein,Hb: 
Hemoglobulin, Plt: Platelet, MAC: Mitral annular calcifi cation,MI: Myo-
cardial injury

DISCUSSION
Th e present research provides info about the relationship 
between MAC data obtained from thorax CT images per-
formed in hospitalized COVID-19 patients with mortality 
and myocardial injury. We observed that the presence of 
MAC was associated with an increased risk of death in 
COVID-19 patients. Advanced age, male gender, chro-
nic kidney failure, myocardial injury development, and 
advanced lung parenchyma involvement were found to 
be pathologies independent of mortality in COVID-19 
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patients. In addition, MAC was associated with the deve-
lopment of CKD and myocardial injury, which were in-
dependent predictors of mortality in COVID-19 patients. 
Th e current study showed that it might be useful to assess 
the presence of MAC, which can be evaluated on routine 
thorax CT images performed in patients with COVID-19 
infection in terms of mortality and risk of myocardial in-
jury development due to COVID-19 infection.

COVID-19 causes a hypercoagulable state associated 
with mortality.14 Microvascular and macrovascular th-
romboembolic complications have been demonstrated in 
the brain, lung, intestine, spleen, and peripheral vascular 
system in COVID-19.8,15 Pulmonary embolism (PTE) and 
deep vein thrombosis are thromboembolic events frequ-
ently encountered in COVID-19.16In a study conducted 
in patients who were diagnosed with COVID-19 and re-
ceived their follow-up and treatment in the intensive care 
unit, it was reported that the possibility of thromboem-
bolic events was 49% and the possibility to development 
mortality from all causes in patients with thromboembolic 
complications was reported to be five times higher.8 Acute 
ischemic stroke has been reported in COVID-19 patients.17 
Th e incidence of acute ischemic stroke in COVID-19 pa-
tients receiving treatment in the intensive care unit has 
been reported as 2.5%.8 Th e critical increase in mortality 
due to the mentioned thromboembolic complications dic-
tates the need to take precautions against thromboembolic 
events in COVID-19 patients. Mitral annular calcification 
is a disorder with crucial clinical, and prognostic consequ-
ences and its pathophysiology is nebulous.18 It is suggested 
that MAC predisposes to thrombus formation and is as-
sociated with thromboembolic complications.19 However, 
there is no clear information about the pathophysiology 
of thromboembolic complications of MAC. In our study, 
we observed the association of MAC with higher rates of 
mortality in COVID-19 patients. Th e increased mortality 
rates in COVID-19 patients with MAC might be due to the 
increased thromboembolic complication rates of MAC in 
these patients. Th e most vital thromboembolic complica-

tions may be the myocardial injury. However, it is thought 
that myocardial injury in COVID-19 patients may deve-
lop with direct myocardial damage mediated by angioten-
sin-converting enzyme 2 (ACE2) or secondary to hypoxia, 
microvascular dysfunction, or systematic infl ammatory 
response syndrome.20 We found the presence of MAC to 
be associated with a higher rate of myocardial injury in 
COVID-19 patients. In order to elucidate this relations-
hip, it is necessary to investigate whether thromboembolic 
complications that may develop in COVID-19 patients are 
directly related to the presence of MAC.

Mortality rates increase with advanced age in COVID-19 
patients.21 According to data from the United States and 
Italy, mortality is higher in men.18,22 Increased mortality 
rates were detected in COVID-19 patients with arterial 
hypertension, diabetes mellitus, atrial fibrillation, chronic 
obstructive pulmonary disease, and ischemic heart dise-
ase.23 It has been shown that COVID-19 patients with a 
history of CKD are at higher risk of being in the ICU, expo-
sed to mechanical ventilation, and dying.22,23 Th e presence 
of CKD is an independent risk factor for the development 
of mortality in COVID-19 patients.24 In the current study, 
advanced age, male gender, arterial HT, diabetes mellitus, 
atrial fibrillation, chronic obstructive pulmonary disease, 
chronic renal failure, and presence of coronary artery di-
sease were associated with increased risk of mortality in 
COVID-19 patients. In the regression analysis, advanced 
age, male gender, and CKD were independently associated 
with mortality. Study results were correlated with literature 
data. Th e fact that MAC in COVID-19 patients is associa-
ted with CKD, an independent predictor of mortality, sug-
gests that attention should be paid to the presence of MAC 
in these patients.

A meta-analysis showed that increased troponin levels 
are associated with an increased risk of disease progres-
sion and mortality in COVID-19 patients.25 Increased 
troponin levels are frequently encountered in COVID-19 
patients during hospitalization, and high troponin levels 
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are associated with myocardial injury and fatal outcomes.25 
Th e mechanisms that cause myocardial injury secondary 
to COVID-19 infection remain unclear. Direct myocar-
dial injury mediated by angiotensin-converting enzyme 
2 (ACE2), damage secondary to hypoxia, microvascular 
damage, or systematic infl ammatory response syndrome 
is considered as possible mechanisms causing myocardial 
injury.20

Th e presence and scoring of MAC can be calculated re-
adily and precisely with the high 3D resolution of com-
puted tomography.12Th e excessive use of CT due to the 
COVID-19 pandemic has allowed easier evaluation of 
parameters related to mortality, such as the presence and 
scoring of MAC. Th e presence of MAC is associated with 
cardiovascular diseases and mortality.6,7 Myocardial injury 
secondary to COVID-19 is a common complication asso-
ciated with an increased risk of acute coronary syndrome, 
cardiogenic shock, and heart failure.26 Cardiac compli-
cations secondary to COVID-19 are associated with an 
increased risk of developing mortality.27Th erefore, timely 
diagnosis and treatment of patients at high risk of myocar-
dial injury secondary to COVID-19 and providing special 
care to prevent possible adverse events are of great impor-
tance. We analyzed the relationship between mortality and 
myocardial injury secondary to COVID-19 infection and 
MAC, and we found that MAC in COVID-19 patients was 
associated with a higher rate of mortality. Since the pre-
sence of MAC, which can be easily evaluated with thorax 
CT, is a potentially crucial parameter for increased mor-
tality and myocardial injury development in COVID-19 
patients, it may be recommended to evaluate the presence 
and severity of MAC in terms of possible risks at the hos-
pital admission stage. Larger and randomized studies are 
required so that the presence of MAC can be used in the 
early risk assessment in terms of mortality and myocardial 
injury development in COVID-19 patients.

Limitations
Th e research is a single-centered study. Th e relationship 

between mortality and myocardial injury with MAC in 
COVID-19 patients is reported. Th e cross-sectional design 
of the study cannot explain the pathological mechanism 
of this relationship. Another limitation is that MAC was 
evaluated by non-contrast thoracic CT.

CONCLUSION
In conclusion, the presence of MAC is associated with 
an increased probability of developing mortality in CO-
VID-19 patients. Th e presence of MAK was more frequ-
ent in COVID-19 patients with a mortal course. MAC is 
associated with mortality and myocardial damage in CO-
VID-19 patients but is not an independent risk factor for 
mortality. 

Ethics Committee Approval
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