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Abstract

Background: Epidemiological studies have demonstrated that severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2)-positive
patients often develop atrial fibrillation, premature ventricular con-
tractions (PVCs), and conduction disorders. The manifestation of
ventricular cardiac arrhythmias accentuates the risk of sudden cardiac
death.

Methods: A retrospective study was conducted on the cohort of
1,614 patients admitted for coronavirus disease 2019 (COVID-19).
Patients were categorized into two groups based on the occurrence
of PVCs. Group I comprised 172 patients diagnosed with PVCs of
Lown-Wolf class II - IV upon hospital admission; group II (control
group) consisted of 1,442 patients without this arrhythmia. Each pa-
tient underwent comprehensive clinical, laboratory, and instrumental
evaluations.

Results: The emergence of PVCs in individuals afflicted with COV-
ID-19 was associated with a 5.879-fold heightened risk of lethal out-
come, a 2.904-fold elevated risk of acute myocardial infarction, and a
2.437-fold increased risk of pulmonary embolism. Upon application
of diagnostic criteria to evaluate the “cytokine storm”, it was discov-
ered that the occurrence of the “cytokine storm” was notably more
frequent in the group with PVCs, manifesting in six patients (3.5%),
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compared to 16 patients (1.1%) in the control group (P < 0.05). The
mean extent of lung tissue damage in group I was significantly greater
than that of patients in group II (P < 0.05). Notably, the average oxy-
gen saturation level, as measured by pulse oximetry upon hospital
admission was 92.63+3.84% in group I and 94.20+3.50% in group
I (P <0.05).

Conclusions: The presence of PVCs in COVID-19 patients was
found to elevate the risk of cardiovascular complications. Significant
independent predictors for the development of PVCs in patients with
SARS-CoV-2 infection include: age over 60 years (risk ratio (RR):
4.6; confidence interval (CI): 3.2 - 6.5), a history of myocardial in-
farction (RR: 3.5; CI: 2.6 - 4.6), congestive heart failure (CHF) with
reduced left ventricular ejection fraction (RR: 5.5; CI: 3.9 - 7.6), res-
piratory failure (RR: 2.3; CI: 1.7 - 3.1), and the presence of a “cy-
tokine storm” (RR: 4.5; CI: 2.9 - 6.0).

Keywords: New SARS-CoV-2 coronavirus infection; Premature
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Introduction

The global issue of coronavirus infection, caused by the SARS-
CoV-2 (COVID-19) virus, continues to pose a significant chal-
lenge to the world community today. Although there have
been notable advancements in the prevention and treatment of
COVID-19 over the past 3 years, the emergence of new virus
strains underscores the ongoing relevance of studying this in-
fection. The progression of COVID-19 is intricately linked to
the development of a diverse spectrum of complications, with
particular emphasis on heart rhythm disorders. The prevalence
of arrhythmias ranges from 6.9% in mild cases of COVID-19
to 44% in severe cases [1]. Epidemiological studies conduct-
ed from 2020 to 2023 demonstrate that patients with SARS-
CoV-2 coronavirus infection most commonly develop atrial
fibrillation (AF), premature ventricular contractions (PVCs),
and conduction disorders. Notably, the emergence of ventric-
ular cardiac arrhythmias escalates the risk of sudden cardiac
death [2].
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Table 1. Characteristics of the Cohort

Clinical characteristics Group I Group II P
Number of patients 172 (100%) 1442 (100%) -
Average age, years 69.53 £ 11.88 57.11 £ 15.76 <0.001
Female 79 (46%) 743 (52%) 0.229
Male 93 (54%) 699 (48%) 0.165
HTN 140 (81%) 831 (58%) <0.001

Stage 1 2 (1%) 188 (13%)

Stage 2 20 (12%) 202 (14%)

Stage 3 118 (69%) 443 (31%)
CHD 84 (49%) 418 (29%) <0.001
PICS 52 (30%) 127 (9%) <0.001
CHF 127 (74%) 420 (29%) <0.001
T2DM 47 (27%) 235 (16%) 0.018
Obesity 24 (25%) 303 (22%) 0.504

HTN: hypertension; CHD: coronary heart disease; PICS: post-infarction cardiosclerosis; CHF: congestive heart failure; T2DM: type 2 diabetes mel-

litus.

A meta-analysis conducted by Liao et al, encompassing
17,435 COVID-19 patients, revealed that 3.3% of patients ex-
perienced life-threatening ventricular arrhythmias [3]. Simi-
larly, a study by Garcia-Zamora et al, involving 12,713 pa-
tients with SARS-CoV-2 infection, observed the diagnosis of
frequent PVCs in 2.5% of patients upon admission [4].

The risk of experiencing sudden cardiac death in patients
with SARS-CoV-2 infection varies significantly across differ-
ent studies, ranging from 0.9% to 11% [5, 6]. Furthermore,
a study conducted by Cho et al, which included 143 patients
with severe COVID-19, revealed that 28.7% of patients ex-
perienced PVCs, 15.4% with unsustained ventricular tachy-
cardia, 1.4% with sustained ventricular tachycardia, and 0.7%
with ventricular fibrillation [7].

The comprehensive understanding of the nature and in-
cidence of cardiac arrhythmias in patients with SARS-CoV-2
infection remains incomplete. Ongoing research is uncovering
potential mechanisms underlying the development of ventric-
ular arrhythmias in COVID-19 patients, including metabolic
disorders and hypoxia, virus-induced hypokalemia via the re-
nin-angiotensin-aldosterone system, and direct viral damage to
cardiomyocytes resulting in viral myocarditis [8-14].

The identification of predictors for the development of
PVCs in patients with SARS-CoV-2 coronavirus infection is a
subject of ongoing debate, as it holds the potential to facilitate
timely treatment administration and enhance patient prognosis.

The aim of this study was to ascertain the factors that may
predict the occurrence of PVCs in patients with SARS-CoV-2
(COVID-19) infection.

Materials and Methods

This retrospective study involved a total of 1,614 patients
(with an average age of 63.32 + 13.82 years), who had been

admitted for SARS-CoV-2 infection at Clinical Hospital No. 4
of the First Moscow State Medical University named after .M.
Sechenov (Sechenov University), operating as a medical facil-
ity designated to treat patients afflicted with the COVID-19,
during the time period spanning from April to September
2020. The patients were categorized into two distinct groups
based on the presence or absence of PVCs. Group I comprised
172 patients with COVID-19 who exhibited PVCs of classes
II - IV according to Lown-Wolf upon admission, while group
II (the control group) consisted of 1,442 patients who did not
manifest this rhythm disorder. This study received approval
from the Local Ethics Committee (protocol No. 04-21, dated
February 18, 2021) and was conducted in compliance with
the ethical standards of the responsible institution on human
subjects, as well as with the Helsinki Declaration. The clinical
characteristics of the patients are detailed in Table 1.

The prerequisites for patient categorization into group I
encompassed the manifestation of class II-IV extrasystoles as
defined by Laun-Wolf, which was validated via 24-h electro-
cardiogram (ECG) monitoring utilizing Holter. Furthermore, a
confirmed diagnosis of coronavirus infection was required, as
evidenced by the detection of SARS-CoV-2 RNA in swab sam-
ples procured from the nasopharynx and oropharynx using poly-
merase chain reaction (PCR). For comprehensive assessment,
24-h Holter ECG monitoring was implemented for all patients
throughout the initial 3 days of their hospitalization period.

In contrast, those with a medical history of AF or end-stage
renal failure (identified by a reduced glomerular filtration rate
below 15 mL/min/1.73 m?), as well as those who were pregnant
or breastfeeding, were categorically excluded from our study.

The treatment of COVID-19 for the study participants in-
volved antiviral and anticoagulant therapies, as well as glu-
cocorticosteroids and genetically engineered biological drugs
(tocilizumab, netakimab, levilimab) that were also adminis-
tered to halt the “cytokine storm”. There were no significant
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Table 2. Cardiovascular Complications in the Study Groups, Observed During the Admission

Group I Group II P
Death cases from cardiovascular complications 25 (14.5%) 13 (1%) <0.001
Non-fatal acute myocardial infarction 26 (15.1%) 55 (3.8%) <0.001
Non-fatal pulmonary artery thromboembolism 24 (14%) 65 (4.5%) <0.001
Non-fatal acute cerebrovascular accident 1 (0.6%) 2 (0.1%) 0.203

variations in the treatment of coronavirus infection between
the two groups. Patients with a medical history of hypertension
(HTN), coronary heart disease (CHD), and CHF were man-
aged in accordance with clinical guidelines.

All patients underwent a comprehensive clinical, labora-
tory, and instrumental examination, encompassing a PCR test
specifically targeting SARS-CoV-2 RNA, alongside a general
and biochemical blood test, a coagulogram, the determination
of inflammatory laboratory markers, echocardiographic exam-
ination, 24-h ECG monitoring, and multi-slice spiral computed
tomography (MSCT) of the chest, as well as measurement of
oxygen saturation with a pulse oximeter. The extent of pul-
monary impairment was evaluated based on the established
categorization: CTO denotes the nonexistence of inflamma-
tion foci and infiltrates; CT1 signifies the manifestation of
viral pneumonia symptoms, encompassing up to a quarter of
the pulmonary tissue; CT2 corresponds to the breadth of lung
impairment ranging from 25% to 50%; CT3 relates to the pul-
monary tissue damage spanning from 50% to 75%; CT4 repre-
sents injury to over 75% of the pulmonary tissue.

Statistical analysis

Statistical analysis of the study data was conducted using Sta-
tistica 10.0 software (StatSoft Inc., USA). The Kolmogorov-
Smirnov test was utilized to evaluate the normal distribution of
indicators. Descriptive statistics for digital results included the
arithmetic mean M and its standard deviation. The mean and
standard error of the mean were calculated for normally dis-
tributed parameters, whereas the quartile interval (25th, 50th,
and 75th percentiles) was determined for non-normally distrib-
uted parameters. The nonparametric Mann-Whitney test was
utilized for statistical analysis. The 3> test was used to assess
the statistical significance of differences between qualitative
indicators. Statistical study results were deemed reliable at a
probability of error P < 0.05. Multivariate logistic regression
analysis was employed to identify prognostic markers for the
development of events, and receiver operating characteristic
(ROC) analysis was conducted to assess the sensitivity and
specificity of the marker.

Results

Gender distribution and prevalence of obesity were compara-
ble between the study groups. The patients in group I were no-
tably older than those in group II. Furthermore, the incidence
of HTN, CHD, CHF, and diabetes mellitus (DM) was higher
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in patients with PVCs compared to those in the control group.
HTN was diagnosed in 140 (81%) patients in group I and in
831 (58%) patients in group II, while CHD was observed in
77 (81%) and 358 (26%) patients, and CHF was present in 78
(82%) and 428 (31%) patients, respectively (P < 0.05).

Through the utilization of a 24-h ECG assessment per-
formed on patients pertaining to both group I and II, occur-
rences of atrial extrasystoles coupled with transient episodes
of supraventricular tachycardia were detected. Nevertheless,
the prevalence of supraventricular arrhythmias did not exhibit
any significant divergences.

The study examined the incidence of cardiovascular com-
plications, including cases of death from acute myocardial
infarction (AMI), pulmonary embolism (PE), and acute cer-
ebrovascular accident (ACVA), as well as the development of
non-fatal AMI, PE, and ACVA. The characteristics of cardio-
vascular complications occurring upon hospital admission are
summarized in Table 2.

Using multivariate regression analysis, a comprehensive
assessment was performed to determine the impact of PVCs
on the development of cardiovascular complications in pa-
tients with SARS-CoV-2 infection. The occurrence of PVCs
was associated with a 5.879-fold increased risk of lethal out-
comes (confidence interval (CI): 3.640 - 9.496), a 2.904-fold
increased risk of AMI (CI: 1.921 - 4.391), and a 2.437-fold in-
creased risk of PE (CI: 1.597 - 3.720), as depicted in Figure 1.

In patients with PVCs the mean extent of lung tissue
damage, as revealed by MSCT of the chest, was significantly
higher (40.55% in group I and 36.81% in group II, P < 0.05).
Additionally, the average oxygen saturation measured by pulse
oximetry upon hospital admission was significantly lower in
patients with PVCs (92.63+3.84% in group I and 94.20+3.50%
in group II, P < 0.05), indicating more severe respiratory fail-
ure in this patient group.

The findings from the biochemical blood test analysis
conducted on patients with COVID-19 and PVCs revealed
a notable increase in inflammatory markers compared to the
control group (Table 3).

In our study, we evaluated the occurrence of the “cytokine
storm” utilizing the diagnostic criteria [15], which encom-
passed an escalation in the concentration of one of the in-
flammation markers, the manifestation of respiratory failure,
bilateral pneumonia, and a progressive rise in the need for non-
invasive respiratory support. Additionally, increased levels of
D-dimer, lactate dehydrogenase, lymphopenia, and heightened
aspartate aminotransferase (AST) levels were considered.
We uncovered a significantly higher frequency of “cytokine
storm” in group I, occurring in six (3.5%) patients, in contrast
to the control group, where it was observed in 16 (1.1%) pa-
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Figure 1. The influence of the presence of premature ventricular contractions (PVCs) on the onset of cardiovascular complica-
tions within the studied cohort. AMI: acute myocardial infarction, PE: pulmonary embolism; RR: risk ratio; Cl: confidence interval.

tients (P < 0.05).

Patients with PVCs exhibited a notably higher occurrence
of reduced left ventricular ejection fraction (LVEF), elevated
systolic pulmonary artery pressure (sPAP), increased left atrial
(LA) volume, and left ventricular end-systolic volume (LV
ESV) in comparison to patients in the control group (P < 0.05).
The detailed echocardiography results can be found in Table 4.

Through the execution of multivariate regression analy-
sis, independent predictors for the onset of PVCs of classes
IT - IV according to Lown-Wolf among SARS-CoV-2-positive
patients were identified. Risk ratio (RR) and CI were calcu-
lated for each parameter. Variables encompassing gender, body
mass index, AMI, and coexisting disorders were pragmatically
controlled as per the specifications outlined in Table 5.

To establish the threshold values of the predictors, we con-

ducted ROC analysis (Figs. 2, 3).

Oxygen saturation levels upon admission of less than
95%, with a sensitivity of 68.05% and specificity of 55.77%
(area under the curve (AUC): 0.641), along with pulmonary
parenchymal damage exceeding 50%, featuring a sensitivity
0f 46.51% and a specificity of 71.08%, (AUC: 0.576) indicate
an elevated risk of developing PVCs in patients afflicted with
coronavirus infection.

Discussion

During the multivariate regression analysis, an observed cor-
relation indicated that the presence of PVCs in patients with
COVID-19 results in an elevated risk of developing cardiovas-

Table 3. Inflammation Markers in Group | and Il Patients (Median (Q1 - Q3))

Group I Group II p
C-reactive protein, mg/L 88.55 (18.7, 125.51) 68.48 (12.6, 100.9) 0.002
Interleukin-6, pg/mL 226.50 (9.7, 247.5) 144.54 (16.7, 186.6) <0.001
Fibrinogen, g/L 6.34 (4.43,7.41) 5.83(4.3,7) 0.386

Table 4. Parameters of Echocardiography in Group | and Il Patients (Median (Q1 - Q3))

Group I Group II P
LVEF, % 53.1(47.0, 61) 56.62 (53, 62) <0.001
LV EDV, mL 112.19 (101, 119.5) 110.66 (101, 113) 0.853
LV ESV, mL 51.78 (41, 58) 48.03 (41, 50) 0.016
LVMI, g/m? 124.5 (104, 137) 105.18 (92, 129) 0.256
LA volume, mL 68.63 (58.5, 78) 64.39 (58, 69) 0.003
sPAP, mm Hg 32.53 (25, 39) 30.62 (22, 33) 0.015

LVEF: left ventricular ejection fraction; LV EDV: left ventricular end-diastolic volume; LV ESV: left ventricular end-systolic volume; LVMI: left ventricular

mass index; LA: left atrium; sPAP: systolic pulmonary artery pressure.
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Table 5. Predictors of PVCs Development in Severe Cases of SARS-CoV-2 Infection

RR 95% CI P
Age over 60 years 4.576 3.224 - 6.495 <0.001
CHD in history 2.099 1.587-2.777 <0.001
PICS 3.462 2.601 - 4.608 <0.001
CHF with reduced LVEF 5.505 3.981-7.612 <0.001
SpO, upon admission < 95% 2318 1.714 - 3.136 <0.001
Extent of lung tissue damage > 50% 2.826 2.139-3.733 <0.001
Presence of a “cytokine storm” based on the REPROGRAM criteria 4.469 2.907 - 6.868 <0.001

PVCs: premature ventricular contractions; SARS-CoV-2: severe acute respiratory syndrome coronavirus 2; RR: risk ratio; Cl: confidence interval;
CHD: coronary heart disease; PICS: post-infarction cardiosclerosis; CHF: congestive heart failure; LVEF: left ventricular ejection fraction; SpO,:

oxygen saturation.

cular complications, signifying damage to the cardiovascular
system in the context of SARS-CoV-2 infection, the pathogen-
esis of which remains intricate and poorly understood.
Elderly age emerged as the most significant risk fac-
tor for PVCs occurrence. Specifically, in our study, patients
in group I exhibited a notably advanced age compared to
those in group II. Subsequent multivariate regression analy-
sis revealed that individuals aged over 60 years demonstrate
a 4.576-fold increase in the probability of developing PVCs
(CI: 3.224 - 6.495). The manifestation of severe cardiovascular
pathology, accompanied by structural and functional changes
in the myocardium, notably contributes to the onset of ven-

tricular arrhythmias during SARS-CoV-2 infection. This was
evidenced by significantly more frequent observations of de-
creased LVEF, increased LV ESV, LA volume, and elevated
mean pulmonary artery pressure (mPAP) based on ECHO-CG
data in patients with PVCs compared to those in the control
group, aligning with findings in the study by Mouram et al
[16]. These identified alterations reflect myocardial remode-
ling and significantly influence the occurrence of heart rhythm
disorders, both in the general population and in patients with
SARS-CoV-2 infection.

The role of hypoxia in cardiovascular damage during
COVID-19 is actively discussed [17, 18]. Our study high-
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Figure 2. The ROC curve depicting the reduction in peripheral capillary oxygen saturation (SpO,) upon admission, specifically
less than 95%, as a predictive measure for the onset of premature ventricular contractions (PVCs) in individuals afflicted with
COVID-19 (AUC: 0.641). SpO,: the average value of oxygen saturation measured by a pulse oximeter; ROC: receiver operating
characteristic; COVID-19: coronavirus disease 2019; AUC: area under the curve.
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Figure 3. The ROC curve depicting the extent of lung tissue damage to predict the development of premature ventricular contrac-
tions (PVCs) in patients afflicted with COVID-19 (AUC: 0.576). ROC: receiver operating characteristic; COVID-19: coronavirus

disease 2019; AUC: area under the curve.

lighted that oxygen saturation of under 95% serves as an inde-
pendent predictor for PVCs development in individuals with
SARS-CoV-2 infection. In a hypoxic state, reduced energy
supply to cellular metabolism and increased anaerobic fermen-
tation lead to intracellular acidosis and the release of oxygen
free radicals, which disrupt the phospholipid layer of the cell
membrane. Severe hypoxia hampers intercellular cardiomyo-
cyte interaction, induces dephosphorylation of the gap junc-
tion protein connexin-43, diminishes electrical coupling and
myocardial anisotropy, thus contributing to arrhythmia onset.
The significance of severe respiratory failure in the emergence
of cardiac arrhythmias in COVID-19 has been corroborated in
select clinical studies [17, 18].

C-reactive protein emerges as one of the most highly sensi-
tive inflammatory markers in routine clinical practice, with its
elevation indicating the severity of the inflammatory response
and directly correlating with the patient’s condition severity in
COVID-19 [19]. In our study, patients with arrhythmias exhibit-
ed notably higher average values of C-reactive protein and inter-
leukin-6 (IL-6) compared to those in the control group. There is a
probability that the occurrence of PVCs in severe SARS-CoV-2
infection stems from a pronounced inflammatory response. El-
evated levels of inflammatory cytokines contribute to alterations
in the function of specific ion channels and connexins that form
intercellular gap junctions, increasing cardiomyocyte excitabil-
ity and predisposing individuals to arrhythmias [20-23].

The emergence of PVCs in patients with COVID-19 is

248 Articles © The authors | Journal compilation © ] Clin Med Res and Elmer Press Inc™

attributed to various contributing factors. Our study revealed
that the incidence of arrhythmias was impacted by factors such
as advanced age, existing cardiovascular conditions, hypoxia,
and elevated inflammatory markers in the patients. An evalua-
tion of the patient’s clinical condition and the identification of
potential predictors for the occurrence of PVCs enable us to
deliberate upon tailored approaches for managing individuals
afflicted with the SARS-CoV-2 infection, aligning with con-
temporary concepts of personalized medicine.

Conclusions

The occurrence of PVCs in COVID-19 patients was associated
with a 5.879-fold increased risk of lethal outcome, a 2.904-fold
increased risk of AMI, and a 2.437-fold increased risk of PE.

Significant independent predictors for the development
of PVCs in patients with SARS-CoV-2 infection include: age
over 60 years, a history of myocardial infarction, CHF with
reduced LVEF, respiratory failure, and the presence of a “cy-
tokine storm”.
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