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New-onset atrial fibrillation in patients
with SARS-CoV-2 pneumonia as a manifestation
of acute myocardial injury

Tatiana |. Makeeva, Elizaveta V. Zbyshevskaya, Mark V. Mayer, Faiz A. Talibov, Sergey A. Saiganov

North-Western State Medical University named after .I. Mechnikov, Saint Petersburg, Russia

BACKGROUND: Qver the past 3 years, the prevalence of atrial fibrillation (AF) has increased significantly worldwide, which
was associated with the pandemic caused by SARS-CoV-2. It is accompanied by an increase in the cases of ischemic stroke,
myocardial infarction, and development of heart failure due to acute myocardial injury. Given the high lethality of SARS-CoV-2
infection (COVID-19), studying the characteristics of new-onset AF is essential.

AIM: The study aims at determining the predictors of new-onset AF in patients with COVID-19 pneumonia and at analyzing
the clinical and pathophysiological characteristics of acute myocardial injury.

MATERIALS AND METHODS: In 36 patients aged 44—82 years (average 68.0) with COVID-19 pneumonia, AF paroxysms
were recorded for the first time. All of them underwent computed tomography of the chest, electrocardiography, and echocar-
diography. The left ventricular ejection fraction was calculated using the Simpson method. Oxygen saturation was determined
as blood oxygen saturation. Clinical blood tests were performed, C-reactive protein (CRP), ferritin, D-dimer, fibrinogen, and
troponin | levels were measured.

RESULTS: Along with the well-known predictors of AF development (arterial hypertension, coronary heart disease, left
ventricular myocardial hypertrophy, and left atrial dilatation), with COVID-19 pneumonia, new-onset AF paroxysms were re-
corded in patients of the middle, elderly, and late-life age. In 44.4% of patients with AF, cardiomegaly occurred with dilatation of
both atria and ventricles. With decreased left ventricular ejection fraction, the incidence of AF paroxysms reached 61.5%. With
preserved ejection fraction, AF paroxysms occurred much less frequently (27%). In patients with AF, the extent of lung dam-
age is on average 62.5% (20—80%) with oxygen support saturation of 93% (76—97%). Serum troponin | levels of > 2000 ng/L
indicated acute myocardial injury. CRP and blood ferritin values confirmed the presence of a pronounced inflammatory compo-
nent in myocardial injury. High concentrations of blood fibrinogen and D-dimer, reaching 16,301 ng/mL, were associated with
a tendency to hypercoagulation in patients with AF and COVID-19 pneumonia.

CONCLUSIONS: COVID-19 has a direct damaging effect on the myocardium and probably persists for a long time, which
may induce AF in patients with acute pneumonia.
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HayuHas cTaTbst

Bnepsbie Bo3HuKWanA ¢ubpunnsums npeacepaum
y nauuentoB ¢ SARS-CoV-2-nHeBMOHMEN
Kak MaHudecTauus ocTporo noBpeXxaeHna MUOKapAaa

T.N. Makeesa, E.B. 36biweBckas, M.B. Maitep, ®.A. Tanubos, C.A. CaiiraHos

CeBepo-3anafHbii rocyaapcTBeHHbI MeAMUMHCKUIA YHuBepcuTeT UM. W.W. MeunukoBa, CaHkT-[leTepbypr, Poccus

AxkmyansHocme. 3a nocnefHue Tpy rofa B MMpe CYLLECTBEHHO BbIPOCNA pacnpocTpaHeHHoCTb dubpunnaumm npeacep-
avi (OI), yto cBA3LIBAKOT C NaHAEMUeEN, Bbi3BaHHOM BUPYcoM SARS-CoV-2. 3To conpoBoXKaaeTcs YBeNUYEHUEM KONMYECTBA
ULIEMUYECKUX MHCYNbTOB, MH(APKTOB MWUOKAapAa, Pa3BUTUEM CepAeYHON HeLOCTaTOMHOCTU BCEACTBME OCTPOro MOBPEXK-
LEHUA MUOKapaa. B cBA3M ¢ BbICOKOM NeTanbHOCTLIO NaUMeHTOB, MHPUUMPOBaHHBIX SARS-CoV-2, usydeHne ocobeHHocTel
BriepBble Bo3HWKWeN Of1 sBnsetcs KpailHe He0bX0AMMBIM.

Llene — onpepenutb NpeaukTopbl Briepsble Bo3HUKWeN Pl y nauueHToB ¢ SARS-CoV-2-nHeBMOHWEN, U3YUUTb KITUHN-
YecKve W natoguanonornyeckne 0cobeHHOCT 0CTPOro NOBPEXAEHNS MUOKApLA.

Mamepuane! u Memodel. Y 36 nauneHToB B Bo3pacTe 44-82 net (B cpeaHeM 68,0 roaa) ¢ SARS-CoV-2-accounmpoBaHHoiA
NHEeBMOHWeEN BrepBble OblM 3aduKcMpoBaHbl NapoKcusMbl @I, BceM BbINONHANACh KOMMblOTEPHAs ToMorpadus rpynHoi
KJIeTKY, aNeKTpoKapAmnorpaduyeckoe, axokapauorpaduyeckoe obcnegoBaHue; pacyeT Gpakumm BbIbpoca NeBOro Xenynoyka
(®B JIX) npooaunn no metoay CumncoHa. Onpepensnu catypaumio (Sp0,) — HacbilLeHre KPOBU KUCIOPOAOM, KIMHNYe-
CKuiA aHanm3 kposw, C-peakTuHbIn benok (CPB), gepputuH, [1-anumep, GUdpUHOreH, TPOMOHMH I.

Pesynbmamel. Boino nokasaHo, 4to Hapsgy C obLlensBecTHbIMW NpeaukTopamm passutus Of (apTepuanbHas runep-
TEH3KA, UweMuyecKas bonesHb cepaua, runepTpodus Muokapaa JIH, paclmpenve nesoro npeacepams) npu SARS-CoV-2-
NHEBMOHUW BrEpBbIE BO3HUKLLME MapoKcuaMbl OI1 perncTpupoBanuch Y MaLMEHTOB CPEAHEro, MOMMIOT0 M CTapyecKoro
Bo3pacta. ¥ 44,4 % naumentos ¢ Of1 Mena MecTo KapA1oMeranua ¢ aunaraumeid 060Mx Npeacepani U KenyA04YKOB U CHU-
¥eHueM (paKkuuv Bblbpoca NeBoro XenyfoyKka, npy 3ToM yactota napokcusmoB Of gocturana 61,5 %; npu coxpaHeHHoM
¢pakuum Bblbpoca napokcusmel I passuBanuch 3HauuTenbHO pexxe — B 27 % cnyyaeB. YCTaHOBMEHO, YTO Y MaLMEHTOB
¢ O obbeM nopaxeHus nerkux coctaeniseT B cpepHeM 62,5 % (20-80 %) npu caTypaumm Ha KUCNOPOLHON NOLAEPHKE
93 % (7697 %). 06 ocTpOoM NOBPEXLEHUM MUOKApLA CBULETENLCTBOBAM YPOBHU TPOMOHMHA | B CLIBOPOTKE KPOBM, NpPeBbI-
watowme otMeTKy B 2000 Hr/n. Mokasatenu CPB v depputHa KpoBM NoATBEPMAANM HANMYME BbIPAXKEHHOrO BOCManUTeSb-
HOro KOMMOHEHTa Mpu1 NOBPEeKAEeHUM MUOKapAa. Bbicokne KoHueHTpauum dubpuHoreHa kposm u [l-aumepa, gocturaiolyme
16301 Hr/mMn, accouMMpoBanuChb C HAKIOHHOCTBIO K rUnepkoarynsaummn y naumeHtos ¢ O Ha goHe SARS-CoV-2-nHeBMoHUM.

3axnwyerue. KopoHasupyc SARS-CoV-2 okasbiBaeT npsAMoe NOBpexaaloLiee BO3AENCTBUE HA MUOKApA WM, BEPOSATHO,
LNUTENBHO NePCUCTUPYET, YTO MOKET ObITb NpuumMHoi passutia Oy bofbHBLIX 0CTPOI GOPMON MHEBMOHUM.

KnioueBble cnoBa: ¢pubpunnauma npeacepanit; SARS-CoV-2; npeaukTopsl.
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BACKGROUND

At the turn of the 20" — 21° centuries, an emergence
of a pandemic of any infection could not be supposed. All
pandemics seemed to become history. It was speculated that
vaccinating the general population, using high-tech diagnostic
methods, and prescribing new anti-infective drugs could
reliably protect everyone. The Spanish influenza epidemic
was probably the last largest one in Europe. In 1918-1919,
over 18 months, more than 550 million people, or 29.5%
of the global population, fell ill. Moreover, 50-100 million
people died from it, which was 2.7-5.3% of the number of
cases. In the Russian Soviet Federative Socialist Republic,
approximately 3 million people died from the Spanish
influenza, and this amounted to 3.4% of the country’s total
population [1].

In December 2019, an outbreak of pneumonia of
unknown etiology was registered among residents of Wuhan
City, China. The study of bronchoalveolar secretions and
blood samples of patients identified the pathogen as an
RNA-containing coronavirus (SARS-CoV-2). The disease
was named Coronavirus disease-19 (COVID-19). In March
2020, the World Health Organization declared COVID-19 a
pandemic. As of May 2023, more than 765 million people
had COVID-19, and nearly 7 million died, globally.

Having quickly recovered from the first shock caused by
high mortality rates, the entire global medical community
started to investigate the new disease. Thus, in a comprehensive
analysis of 700 autopsies of patients who died from this new
coronavirus infection, Rybakova et al. (2020) established that
in 43% of cases, COVID-19 was the only underlying cause of
death. The major thanatogenetic mechanisms in COVID-19
were acute respiratory, pulmonary heart failure (HF) and
multiple organ dysfunction. The most common comorbid
pathology in patients with COVID-19 included cardiovascular
diseases, diabetes mellitus, and obesity [2].

Katsoularis et al. (2021) analyzed 86,742 COVID cases in
Sweden. They compared the obtained results with the incidence
of myocardial infarction (MI) and ischemic strokes in 348.481
patients in the control group. They concluded that Ml and
ischemic stroke were part of the clinical presentation of
COVID-19, and their risk remained significantly increased
during the first 2 weeks after recovery [3].

Cardiac arrhythmias occur in 19-21% of patients with
severe COVID-19 [4, 5], whereas the incidence of new-
onset AF in patients with COVID-19 varies from 3.6% to
6.7% [6, 7]. Thus, in the study by Bhatia et al. (2021), who
analyzed 644 patients with severe COVID-19, AF episodes on
electrocardiography (ECG) were recorded for the first time
in 3.6% of cases [8]. In a meta-analysis, Romiti et al. (2021)
examined 187.716 patients with COVID-19 and revealed that
the prevalence of AF with COVID-19 was approximately two
times higher than in the general population [9].

According to Rosenblatt et al. (2022), 27.851 of 30.999
patients hospitalized with COVID-19 had no AF history.
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In 1517 (5.4%) patients atrial fibrillation developed for the first
time during their COVID-19 course. The presence of AF was
associated with higher rates of overall mortality (45.2%
versus 11.9%) and mortality due to MI, stroke, cardiogenic
shock, and HF (23.8% versus 6.5%) [10].

Wollborn et al. (2022) compared the incidence of
AF in 5005 patients from the pre-pandemic cohort and
2283 patients with COVID-19. They found that the incidence
of AF was 1.57 times higher in the COVID-19 group than in
the pre-pandemic group [11].

The aim of the study was to identifying predictors of
new-onset AF in patients with COVID-19 pneumonia as
well as at determining the clinical and pathophysiological
characteristics of acute myocardial injury (AMI).

MATERIALS AND METHODS

This controlled nonrandomized cohort study enrolled
216 patients aged 23-82 years with PCR-diagnosed
COVID-19 pneumonia. All patients were hospitalized in
the acute period of the disease, i.e., on days 2-7 (average
5.2). Of these, 32 patients aged 52-86 (mean 78.6) years
died from severe bilateral viral pneumonia on days 6—10
of the hospital stay. 30 patients with paroxysmal AF that
occurred before COVID-19 diagnoses were excluded from
the sample.

In 36 patients (group ) aged 44-82 years (average,
68 years, Table 1) with COVID-19 pneumonia, AF paroxysms
were recorded for the first time during the hospital stay.
The duration of the attacks ranged from 35 s to 3 min. In
these patients, 2 paroxysms were recorded in 2 patients with
CT1, 30 in 22 patients with CT2, 16 in 10 patients with CT3,
and 6 in 2 patients with CT4, which totaled 54 paroxysms.

All patients had arterial hypertension (AH), and 23 of
36 patients (63.9%) had a history of coronary heart disease
(CHD), including 8 patients with MI. Out of 36 patients,
7 (19.4%) had diabetes mellitus type Il (DM2), and the body
mass index (BMI) was 33.1 (22-43) kg/mZ.

Moreover, 64 patients with COVID-19 pneumonia without
AF paroxysms constituted the control group (group II).
The age of the patients ranged from 23 to 64 years, with
a mean of 41 years. Group | patients were older than
group Il patients (p = 0.0036), and they significantly more
often experienced CHD, AH, and DM2. In group I, AH was
determined in 20 of 64 patients (31.2%), CHD was registered
in 3 patients (4.7%), and DM2 was noted in 3 patients (4.7%).
BMI was 26,9 (18-36) kg/m?, which was significantly lower
than in group | (p = 0.0458).

Echocardiography (echoCG) was performed on Philips
EnVisor (Philips Electronics N.V.) and Toshiba Artida
(Toshiba Medical Systems) devices on day 1 of the hospital
stay. The study was performed according to the standard
method using B and M scanning modes, as well as pulsed-
wave, and continuous-wave modes. Left ventricular ejection
fraction (LVEF) was calculated using the Simpson method.
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HF with preserved EF (> 50%), HF with moderately reduced
EF (40-49%), and HF with low EF (< 40%) were identified.
In all patients, cardiospecific enzyme troponin |,
C-reactive protein (CRP), ferritin, D-dimer, fibrinogen, and
creatinine levels were determined, and clinical blood test

Table 1. Clinical characteristics of the patients

Cardiac Arrhythmias

was performed in the clinical laboratory of St. Petersburg
City Hospital Pokrovskaya.

Statistical analysis was performed using the non-
parametric Mann-Whitney test. A p-value <0.05 was
considered significant. Spearman’s coefficient was applied

Atrial fibrillation patients, Patients without atrial fibrillation,

Parameters Group 1, Me (IQR) n=36 Group II, Me (IQR) n =6k p
Age, years 68 (44-82) - 57 (23-64) - 0.0036
< b bt 1 38 (35-43) 29 -
45-59 57 (46-59) 10 47 (45-54) 17 0.043
60-74 70 (65-74) 17 61 (60-68) 18 0.038
75-89 82 (75-82) 8 - - -
Sex, M/F, n 20/16 - 40/24 - -
Body mass index, kg/m? 33.1(22-43) 36 26.9 (18-36) 64 0.0458
Coronary heart disease 63.9% 23 4.7% 3 0.0001
History of MI 22.2% 8 3.1% 2 0.0002
Arterial hypertension 100% 36 31.2% 20 0.0001
Diabetes mellitus 19.6% 7 4.7% 3 0.0283
CT %) 41 (20-80) 36 33 (10-79) 64 0.0361
CT1 (%) 23 (20-25) 6 16 (10-24) 37 0.0035
CT2 (%) 40 (30-49) 15 29 (27-45) 17 0.0471
CT3 (%) 59 (52-74) 1 51 (50-61) 7 0.0346
CT4 (%) 79 (75-80) 4 77 (75-79) 3 0.0381
Saturation (Sp0,) (%) 91 (76-97) - 96 (84-98) - 0.0001

Note. n, number of patients; grade | respiratory failure (RF), Sp0, of 90-94%; grade Il RF, Sp0, of 75-89%; grade Il RF, Sp0, < 75%; normal saturation
index, = 95%; CT, volume of lung tissue damage; CT1, < 25% of damage; CT2, 25-49% of damage; CT3, 50-75% of damage; CT4, > 75% of damage.

Table 2. Biochemical parameters of the blood in patients examined

Atrial fibrillation patients,

Patients without atrial fibrillation,

Parameters Group | (n = 36), Me (IQR) Group Il (n = 64), Me (IR) P

CRP, mg/L 11.4 447

norm 0-5 (30.5-189) (9.1-167) 0.0027
Ferritin, pg/L 7235 577.4

norm 20-250 (85-3500) (56-1104) 0.0349
Troponin I, ng/L 289.6 29.4

norm 0-34.2 (5.9-2041) (2.8-165) 0.0027
D-dimer, ng/mL 2040 494.6

norm 0-230 (321-16301) (125-3831) 0.0001
Fibrinogen, g/L, 5.8 5.2

norm 2-4 (3.6-8.3) (3.4-1.9) 0.048
Creatinine, pmol/L, 116.4 96.1

norm 44-110 (63-234) (55-197) 0.062
Leukocytes, 10%/L 7.5 (4.0-13.3) 7.9 (3.5-20.1) 0.065
Lymphacytes, n 1.15 (0.8-3.0) 1.3(0.9-2.8) 0.073
Platelets, 107/L 269.4 (50-453) 244.4 (83-411) 0.093
Erythrocytes, 10'2/L 4.3 (3.2-5.8) 4.7 (3.6-5.8) 0.084
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for the correlation analysis of relationships between
the analyzed parameters.

RESULTS

Chest CT revealed that the extent of lung tissue damage
in group | was on average 41% (20-80%), which was
significantly higher than that in group I, with 33% (10-79%)
(p=0.0361). Moreover, group | recorded the following extent
of lung damage: CT1 (p = 0.0035), CT2 (p = 0.0471), CT3
(p = 0.0346), and CT4 (p = 0.0381).

The average oxygen saturation in the air upon hospital
admission was significantly lower in patients with diagnosed
AF paroxysms with 93% (76—97%) than in the comparison
group with 96% (84-98%) (p = 0.0001). Biochemical blood
parameters are presented in Table 2.

On analysis of biochemical blood test data, the patients
with AF showed higher concentrations of CRP (p = 0.0027),
ferritin (p = 0.0349), D-dimer (p = 0.0001), fibrinogen
(p = 0.048), and troponin | (p = 0.0027).

An increased risk of thrombogenesis and a higher
procoagulatory activity of the hemostasis system in group |,
compared to group Il, was evidenced by fibrinogen and
D-dimer values. This was also confirmed by the low platelet
count in groups | (50 x 10%/L) and Il (83 x 107/L).

The level of troponin I, which indicates the AMI level,
was 9.8-12.4 times higher in group | than in group L.
No significant difference in blood creatinine levels was
found. The severity of COVID-19 was indicated by low

Vol. 3(2) 2023
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lymphocyte counts (1.15 (0.8-3.0) in group | and 1.3 (0.9-
2.8) in group II; p = 0.073), which is typical of COVID-19.
No significant difference in leukocyte and erythrocyte
counts was noted.

EchoCG parameters of patients with LVEF of >50% are
presented in Table 3. When comparing echoCG in patients
with LVEF of > 50%, group | had higher LV myocardial mass
indices (MMI) (p = 0.032) and left atrial volume index (LAVI)
(p=0.034) than group II. The LV end-diastolic volume indices
(EDVI) did not exceed the norm in all patients; however, they
were higher in group | than in group Il (p = 0.047). In addition,
patients with AF were older (p = 0.047).

All patients with LVEF of 40-49% had an increase in LV
MMI and LAVI; however, group | had higher values for both
LV MMI (p = 0.021) and LAVI (p = 0.003). Group | had higher
LV EDVI than group Il (p = 0.035). Group | patients were older
(62 (55-77) years) than group Il years (54 (51-60) years)
(p = 0.028) (Table 4).

EchoCG data in patients with LVEF < 40% are presented in
Table 5. In group | with LVEF < 40%, all echoCG parameters
exceeded the norm and were significantly higher than those
in group II. Thus, the LVMMI reached 201 g/m?, the EDVI
was 82 mL/m?, and the ESVI reached 41 mL/m?. Both atria
were enlarged (LAVI up to 70 mL/m?, RAVI up to 32 mL/m?).
The difference with the indicators of group Il was highly
significant. The age of patients with low LVEF ranged from
59 to 82 years, with an average of 70 years (p = 0.041).

Group 1 turned out to be very heterogeneous (Table 6).
Thus, in 16 of 36 patients (44.4%) (group IA) with LVEF < 50%, a

Table 3. EchoCG parameters in patients with left ventricular ejection fraction of > 50%

Atrial fibrillation patients, Patients without atrial fibrillation,
Parameters Group | (n = 20), Me (IQR) Group Il (n = 54), Me (IQR) P
LV MM, g/m? 119 (112-132) 107 (94-124) 0.032
EDVI, mL/m? 48 (38-60) 40 (38-52) 0.047
End-systolic volume index (ESVI), mL/m? 23 (20-27) 19 (18-23) 0.800
LAVI, mL/m? 44 (37-51) 31 (24-36) 0.034
Right atrial volume index (RAVI), mL/m? 23 (18-26) 21 (18-24) 0.230
LVEF, % 59 (52-64) 62 (58—-65) 0.068
Age, years 63 (44-79) 43 (35-54) 0.047

Table 4. EchoCG parameters in patients with left ventricular ejection fraction of 40-49%

Parameters Atrial fibrillation patients, Patients without atrial fibrillation, p
Group | (n = 12), Me (IQR) Group Il (n = 8), Me (IQR)
LV MMI, g/m? 135 (128-165) 123 (120-141) 0.021
EDVI, mL/m? 65 (51-74) 51 (43-56) 0.035
End-systolic volume index (ESVI) , mL/m? 30 (28-37) 26 (22-28) 0.090
LAVI, mL/m? 50 (40-56) 41 (38-45) 0.003
Right atrial volume index (RAVI), mL/m? 26 (24-30) 23 (20-28) 0.090
LVEF, % 44 (41-48) 46 (43-49) 0.044
Age, years 62 (55-77) 54 (51-60) 0.028
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Table 5. EchoCG parameters in patients with left ventricular ejection fraction (LVEF) < 40%
Atrial fibrillation patients, Patients without atrial fibrillation,
Parameters Group | (n = 4), Me (IQR) Group Il (n = 2), Me (IOR) p

LV MMI, g/m? 154 (141-201) 141 (132-163) 0.005
EDVI, mL/m? 77 (68-82) 59 (48-74) 0.021
End-systolic volume index (ESVI), mL/m? 39 (37-41) 32 (28-36) 0.047
LAVI, mL/m? 60 (56-70) 49 (43-52) 0.0001
Right atrial volume index (RAVI), mL/m? 34 (31-37) 30 (24-32) 0.043
LVEF, % 36 (35-38) 38 (37-39) 0.038
Age, years 70 (59-82) 65 (60-68) 0.041

Table 6. Comparative analysis of the biochemical parameters of the blood and echoCG parameters in group | with atrial fibrillation and
left ventricular ejection fraction (LVEF) < 50% and > 50%

Parameters LVEF < 50%, LVEF = 50%, Group IB (n = 20), p
Group IA (n = 16), Me (IQR) Me (IQR)
MMI, g/m? 154 (128-201) 119 (112-132) 0.0001
EDVI, mL/m? 73 (51-82) 48 (38-60) 0.001
End-systolic volume index (ESVI), mL/m? 34 (28-41) 23 (20-27) 0.001
LAVI, mL/m? 59 (56-64) 44 (37-51) 0.002
Right atrial volume index (RAVI), mL/m? 33 (24-37) 23 (18-26) 0.010
LV EF, % 40 (35-48) 59 (52—64) 0.001
CRP, mg/L 116 (57-189) 87 (30,5-127) 0.0001
Ferritin, pg/L 947 (232-3500) 567 (85-1504) 0.002
Troponin |, ng/L 546 (5,9-2041) 114 (14-365) 0.0001
D-dimer, ng/mL 2943 (564-16301) 1246 (375-6031) 0.005
Fibrinogen, g/L 5,8 (5,2-8,3) 4,9 (3,6-6,3) 0.0362
Lymphocytes, n 1,08 (0,8-1,3) 1,3 (1,1-3,0) 0.045
Platelets, 10%/L 277 (50-453) 185 (95-308) 0.038
Age, years 74 (48-82) 63 (44-79) 0.035

Table 7. Results of the correlation analyses between blood biochemical parameters and echoCG parameters in group IA with atrial
fibrillation and left ventricular ejection fraction (LVEF) < 50% (n = 16)

Parameters | eF<sox | Eew | Esw LAVI RAVI

p ~1.00 0.89 0.83 0.85 0.68

CRP P 0.0001 0.001 0.002 0.004 0.013
. p ~0.90 0.79 0.7 0.94 0.65
Troponin | p 0.0001 0.008 0.002 0.003 0.001
} r 089 0.84 0.68 0.61 0.81
Ferrtn p 0.0001 0.003 0.040 0.046 0.002
- r ~0.63 0.80 0.78 0.70 071
Fibrinogen p 0.040 0.0001 0.001 0.002 0.002
_ P 1.0 0.75 0.65 0.64 0.90
D-dimer p 0.0001 0.010 0.040 0.010 0.0001
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high LVMMI was noted, and cavities of both atria and ventricles
were dilated, as evidenced by the EDVI, end-systolic volume,
LA volume, and right atrial volume. This group consisted of
patients of middle, elderly, and late-life age.

In 20 of 36 patients (55.6%) (group IB) with LVEF of >50%,
the LYMMI moderately increased, and the LAVI increased.
The EDVI, ESVI, and RAVI were normal, and the difference
with group IA was highly significant. Group IB patients were
somewhat younger than group IA patients (p = 0.035).

Compared to group IB, group IA had significantly higher
indicators of the general inflammatory response (CRP and ferritin),
procoagulatory activity of the blood (D-dimer and fibrinogen),
and AMI level (troponin I). Thus, the CRP level was 1.3-1.5 times
higher, ferritin level 1.7-2.3 times higher, D-dimer level 2.4-2.7
times higher, fibrinogen level 1.2 times higher, and troponin | level
4.8-5.6 times higher. Moreover, the blood lymphocytes level
was 1.2-2.3 times lower than in group IB, which indicated
a more severe viral infection. Indeed, according to CT data,
the extent of lung tissue damage reached 62.5% (20-80%)
in group IA compared to 43.5% (20-70%) in group IB
(p=0.0001). This was accompanied by lower oxygen saturation
values, i.e., 92% (76-97%) and 94% (84-97%) (p = 0.0001),
respectively.

Spearman’s rank correlation was used to assess
the complex effect of inflammation, hypercoagulation, and
AMI on changes in echoCG parameters. Table 7 presents
the results of the correlation analysis in group IA.

The role of AMI in the dilatation of the cardiac chambers
in group IA was evidenced by a positive correlation between
troponin | and EDVI, ESVI, and LAVI.

A close relationship between the dilatation of the cardiac
cavities and inflammation was noted by a positive correlation
between (1) CRP and EDVI, ESVI, and LAVI, and between (2)
ferritin and EDVI and RAVI.

The pathophysiological effect of procoagulatory changes
on the development of cardiomegaly was indicated by
a positive correlation between the fibrinogen level and
EDVI, ESVI, RAVI, and LAVI. In addition, a positive and
strong correlation was detected between D-dimer and EDVI;
between D-dimer and RAVI.

Microcirculation disorders, acute inflammation, and
myocardial damage by COVID-19 were the main cause of
the decrease in myocardial contractility. In patients with LVEF
<50% and AF, a very strong and negative correlation was
noted between EF and (1) troponin |, (2) CRP and ferritin; and
(3) D-dimer (Table 7).

In 20 patients with LVEF of > 50% and AF in group IB,
the influence of the damaging and inflammatory effects of
SARS-CoV-2 on the myocardium was noticeably weaker.
Thus, a negative correlation was noted between troponin |
and EF and between D-dimer and EF. A positive correlation
was noted between EF and RAVI. No other statistically
significant correlations were observed.

In 10 of 64 patients (15.6%) of group I (without AF) with
LVEF < 50%, a moderately strong and negative correlation
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was detected between the CRP level and LVEF and between
the D-dimer level and EF, and a significantly positive
correlation was observed between the D-dimer level and
RAVI.

In = 50%, blood biochemical parameters did not affect
the size and the systolic function of the heart.

Thus, only patients with AF and reduced LVEF showed
significant AMI and pathophysiological changes in echoCG
parameters because of an inflammatory reaction and a
tendency to hypercoagulability. In patients with AF and EF
of = 50%, these changes were less pronounced or absent.

DISCUSSION OF RESULTS

Various mechanisms of myocardial injury in COVID-19
are described, namely, (1) direct myocardial injury, when
SARS-CoV-2 uses the angiotensin-converting enzyme
2 receptor (ACE2) and CD147 to enter the cell. ACE2 is
a membrane protein of the carboxypeptidase family,
which is found in many human organs, including heart,
kidneys, intestines, and lungs. By using spike proteins
to bind to the receptor and enter the cardiomyocytes,
SARS-CoV-2 initiates an inflammatory process in
the myocardium. Viruses, penetrating target cells, start
replication (reproduction) of their kind from the materials
of the cell where they parasitize. They damage the genetic
apparatus, destroy cell nuclei, and disrupt deeply
the intracellular protein metabolism, and the cell may die.
The products of the disturbed protein metabolism of cells
serve as antigens, causing the emergence of corresponding
antibodies and triggering the mechanism of autoimmune
myocardial damage. Newly emerged virions invade neighboring
cardiomyocytes, infecting them directly [12]; (2) development of
an acute systemic inflammatory reaction and a “cytokine storm”
with high levels of pro-inflammatory cytokines in the blood;
(3) increased myocardial oxygen demand in acute respiratory
distress syndrome (ARDS) caused by increasing hypoxia and
RF; (4) ischemic damage in the presence of atherosclerotic
changes in the coronary arteries and coagulopathy caused by
COVID-19; (5) electrolyte imbalance, primarily hypokalemia;
and (6) toxic effects of antiviral drugs on the heart [13].

Ruan et al. (2020) analyzed the case histories of
68 patients who died from COVID-19 and noted that they had
high blood serum levels of troponin and myoglobin during
their lifetime. The levels of troponin |, a highly specific protein
released into the bloodstream from cardiomyocytes during
structural damage of heart muscles, particularly during viral
lesions, myocarditis, pericarditis, and HF, depend directly on
the extent of myocardial damage. The authors suggested
that fulminant myocarditis was the cause of lethal outcomes;
however, no data from myocardial biopsy were provided [14].

In the present study, AMI in patients with AF was evidenced
by high levels of troponin |, which were 9.8-12.4 times higher
than in patients without AF. Moreover, in patients with AF and
LVEF < 50%, the level of troponin | in the blood serum was
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4.8-5.6 times higher than in patients with AF and a preserved
EF, which indicated a greater amount of myocardial damage.
The detected highly significant negative correlation between
the level of troponin | and LVEF and the positive correlation be-
tween troponin | and indexed atrial and LV volumes in patients
with EF < 50% confirmed the AMI attack in patients with AF.

According to Zylla et al. (2021), in patients with COVID-19,
the risk of AF in HF is increased by 5 times. They revealed
a direct correlation between the HF stage and the incidence
of AF. Thus, AF was detected in 30% of cases of Grade II-IlI
chronic heart failure (CHF) (according to the New York Heart
Association) and in 30-40% of cases in patients with grade IV
CHF [15].

According to our data, 27% of 74 patients with COVID-19
pneumonia and preserved LVEF were diagnosed for the first
time with AF paroxysms. In 26 patients with LVEF < 50%,
AF paroxysms were recorded in 61.5% of cases, which was
2.3 times more often.

Kogan et al. (2022) presented morphological and
immunohistochemical evidence for myocarditis in COVID-19.
A morphological study of cardiac autopsy data from
32 elderly patients revealed signs of active myocarditis.
Lymphocytic infiltrates and positive PCR confirmed the viral
nature of inflammation. Signs of lymphocytic pericarditis,
endocarditis and pancarditis with destructive coronary
disease, and thrombo-vasculitis with disseminated
intravascular coagulation were observed [16]. Moreover,
fatal arrhythmias may develop in patients with COVID-19,
which are not associated with damage to cardiomyocytes
but are caused by arrhythmogenic proinflammatory
cytokines [17].

The present study revealed that high levels of inflammation
markers in patients with AMI and AF, highly significant
correlations between CRP, ferritin, LVEF, and increased
indexed atrial, and LV volumes did not allow excluding
active myocarditis. During the pandemic, conducting special
examinations for diagnosing myocarditis in a large number
of patients with severe and extremely severe conditions was
quite difficult.

According to Coromilas et al. (2021), in the presence
of COVID-19, cardiac arrhythmias occur in 12.9% of cases
and 61.5% of them are AF. In such patients, LA appendage
thrombus occurs more often than in patients without
COVID-19 history and is characterized by parietal localization
of the thrombus. This suggested that the impaired integrity
and function of the endocardium, caused by its damage
during acute infection, is the cause of thrombogenesis [18].

The study of the incidence and characteristics of LA
appendage thrombus in 469 patients with persistent
nonvalvular AF enabled Mazur et al. (2023) to conclude
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that parietal thrombi occur 2.5 times more often in patients
after COVID-19. Logistic regression analysis showed that
the probability of such thrombus formation is independently
affected by previous COVID-19 and CHF [19].

According to our data, in patients with AF and LVEF < 50%,
a highly significant negative correlation was found between
EF and indicators of blood procoagulatory activity, namely,
D-dimer, and fibrinogen. In addition, a positive correlation
was noted between the levels of fibrinogen, D-dimer, and
indexed atrial and LV volumes.

Bhatla et al. (2020) examined nearly 700 patients with
COVID-19 and revealed a relationship between elderly
age, presence of HF, and AF risk [6]. Peltzer et al. (2020),
Podzolkov et al. (2022) noted that AF paroxysms during
the acute course of COVID-19 occurred significantly more
often in elderly patients and/or in patients with cardiovascular
diseases such as AH, CHD, and CHF [20, 21].

Corradi (2006) conducted a morphological analysis of atrial
myocardial regions in AF and demonstrated different degrees
of their remodeling at the histological and ultrastructural
levels [22]. Concomitant cardiovascular disorders contribute to
this architectural disorganization of the myocardium, participating
in the onset and the perpetuation of AF. The most common
causes of AF are considered AH, severe LV hypertrophy, fatty
and amyloid infiltration of the atrial tissue with the development
of fibrosis, and LA dilatation [7, 22, 23]. Therefore, patients
with new-onset AF may already have an existing substrate
for the formation of this arrhythmia, and acute COVID-19 may
trigger its initiation. AF recurrence in COVID-19 is registered in
23-33% of patients with ARDS and/or sepsis. In approximately
10% AF develops for the first time [24, 25].

Conclusion. In our study, the well-known thesis on
the predictors of AF development (AH, CHD, LV myocardial
hypertrophy, and LA dilatation) was confirmed. Besides, it
was shown that having COVID-19 pneumonia, new-onset
AF paroxysms were recorded in patients of middle, elderly,
and late-life age with a large area of lung damage and low
blood oxygen saturation. AF paroxysms occur in 27% of cases
with a preserved LV EF and in 61.5% of cases with EF < 50%.
Cardiomegaly is detected in 44.4% of patients with AF, and
the combination of acute myocardial damage, inflammation,
and high blood procoagulatory activity is important in its
development mechanisms.
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