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AHHOTAUNA

0Ob6ocHoaaHue. [Mpy HoBoW KopoHaBupycHon uHdekumum (COVID-19) Hapamy ¢ JOMMHMPYIOLLMM NOpPaXeHWeM OpraHoB
[bIXaHWA B MaTONOMMYECKU NPOLIECC BOBJIEKAETCA CephevHo-cocyamucTan cuctema. 0gHako B JOCTYMHOM nuTepatype
aHaNUTMYECKME OLIEHKM 3neKTpoKapamorpapuyeckmx (3K ¢eHOMEHOB onMpaloTcA MWL Ha pe3ynbTaTbl UCCienoBaHUM
HeboNbLIMX BbIBOPOK M OMMCAHUA €OMHUYHBIX KIMHUYECKUX CAly4aeB, YTO OMpeAenfAeT akTyanbHOCTb NpoBefeHWA bonee
MacLUTabHbIX MCCNeAOBaHUI N1A YTOUHEHWA XapaKTepa M pacnpocTpaHEHHOCTU IKI-U3MeHEHUN Y UL, C NOLATBEPKAEHHOM
KOpOHaBMPYCHOW UH(EKLMEN.

Leno — ctpykTypm3auma nsmenennn 3Kl y naumentoB ¢ COVID-19, npeAcTaBnAoLWLMX HECENEKTUBHYIO NONYNALMIO
WuTenen r. MockBebl.

Mamepuanel u Memodsl. poBefEH PETPOCMEKTMBHBIN aHaNN3 MIEKTPOKApAMOrpaduUECKMX UCCiefoBaHWM, BbINON-
HeHHbIX ¥ 42 799 naumeHToB ¢ BepuduLmpoBaHHbIM auarHo3om COVID-19 B nepuop ¢ 10.03.2020 no 10.03.2021. Bee BKio-
YEHHble B UCCNeA0BaHWe NULA NPOXOAMIM CTALMOHAPHOE NeYeHWe B KTMHUYECKMX 6onbHMLAX . MOCKBbI, MOAKNIOYEHHBIX
K [T-ueHTpy 3KI. Peructpauma 3K npomssogunack B 12 cTaHAAPTHLIX OTBEEHWSAX, NOCNe Yero MyTEM UHTEpPHET-coeam-
HeHuA nHdopMauua nepenasanack Ha cepeep IT-ueHTpa 3Kl ¢ uenbio GopMyNMPOBKM COOTBETCTBYHOLLMX 3aKITIOUEHMIA.

Pesynomameoi. NaMenenna KT o6HapyeHbl y 54% naumenToB. Hanbonee yacTbiMy apuUTMUAMM Bbinv HapKenyaoY-
KoBan 3KcTpacucTonma u dubpunnauma npeacepann — y 12,6 u 12,0% naumeHToB cooTBETCTBEHHO. [pU3HaKKM neperpys-
KM NpaBbIX 0TAEN0B cepaua BoiABneHbl y 12,5% 6onbHbix, M3 Hux B 1,13% cnyyaeB — 3KI-nattepH TpomMboambonum né-
royHon aptepuu. HpapkTonogobHble nameHeHnA Ha 3K uMenu MecTo y 4,5% cybbeKkToB, B TOM Yncne 3 cyyan naTrepHa
bpyraga. Yactota BcTpeyaeMocTn usMeHenui ST-T coctaBuna 2,2% ot umcna Beex mccnegoBaiui. IKI ¢ yAIMHEHHBIM
unTepsanoM QT u QTc 3apeructpupoBaHa y 540 (1,26%) naumenToB. OTMeYeHbI eMHUYHBIE Clly4aun ¢pnOpUNNIALKMK Keny-
aouKoB, cuHapoMa Openeprka v AB-6noKkaabl pasnnMyHON CTeneHu.

3axnoyeHue. Ha ocHoBe NpoBefEHHOr0 aHanM3a NoayyeHo NpeacTaBneHne 0 YacToTe BCTPEYAEMOCTM INEKTPOKApAMO-
rpadumyecknx deHomeHoB y 6onbHbix COVID-19. MoaTBepaeHa BbICOKAA MHLUMOEHTHOCTb pUbpUANALMM Npeacepanin —
daKTopa pucka TpoMbH03IMbONMUECKMX OCNOKHEHUN. OHOBPEMEHHO YCTaHOBMIEHA 3HAYMTENbHAA PacrpOCTPAHEHHOCTb
JKI-naTTepHOB Neperpysku NpaBbiX OTAENO0B CepAua, YacTb M3 KOTOPbIX accoLMMUpoBaHa ¢ TpoMboaMbonueit NErouHom
aptepuu. [pyrve Habniofaemble uaMeHeHuA 3KIT xapaKTepu3oBanMCb 3HAYMTENIBHO MEHBLUEW PacrnpoCTPaHEHHOCTbO,
uUTO, 0QIHaKO, HE CHUMKAET UX KIIMHMYECKOro 3Ha4eHuA. CobpaHHbIN MaTepuan B NepcrekTUBE MOMET CIYHWUTb ONTUMMU3a-
LMW TaKTUKW BeJEHWA NaLMEHTOB NPW KOPOHABUPYCHON MHDEKLMN.

KnioyeBble cnoBa: anekTpokapavorpagua; COVID-19; cepneyHo-cocynmcToie 3ab601eBaHUA; apUTMUU; MUOKApPAWT; TPOM-
603mbonuma néroyHon aptepum; TIJA; Tene-3Kr.
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Electrocardiographic findings in COVID-19:
analysis of tele-ECGs in Moscow ECG IT Center

Varvara Y. Taskina', Alexandra E. Demkina', Tamara M. Gazashvili?, Andrey S. Shkoda?,
Anton V. Vladzymyrskyy': 3, Sergey P. Morozov'

! Moscow Center for Diagnostics and Telemedicine, Moscow, Russian Federation
2 L.A. Vorokhobov Municipal Clinical Hospital No 67 of the Moscow Health Department, Moscow, Russian Federation
3 The First Sechenov Moscow State Medical University (Sechenov University), Moscow, Russian Federation

ABSTRACT

BACKGROUND: Coronavirus disease (COVID-19) affects the cardiovascular system and the primary damage to the
respiratory system involved in the pathological process. However, in the available literature, the electrocardiography (ECG)
analyses are based only on small-sample studies and case reports, which determine the relevance of larger-scale studies to
clarify the nature and prevalence of ECG abnormalities in subjects with confirmed coronavirus infection.

AIM: To determine the distribution of ECG changes in COVID-19 patients representing a non-selective population of
Moscow residents.

MATERIALS AND METHODS: We performed a retrospective analysis of ECGs from 42,799 patients from March 10, 2020
to March 10, 2021 with a verified diagnosis of COVID-19. The study included patients admitted to Moscow clinical hospitals
connected to the ECG IT Center. A standard 12-lead ECG was obtained and transmitted via an Internet connection to the server
of the ECG IT Center, where the ECG interpretation was performed.

RESULTS: ECG changes were detected in 54% of patients. The most common cardiac arrhythmias were supraventricular
extrasystole (12.6%) and atrial fibrillation (12.0%) reported in patients. Signs of the overloaded right heart were detected
in 12.5% of cases, of which the ECG pattern of pulmonary embolism was confirmed in 485 patients (1.13%). Infarction ECG
pattern was observed in 4.5% of patients, among which 3 cases of Brugada ECG pattern were reported. The incidence of ST-T
changes was 2.2% of all studies. Prolonged QT and QTc intervals were recorded in 540 patients (1.26%). In addition, individual
cases of ventricular fibrillation, Frederick syndrome, and atrioventricular block of various degrees were reported.

CONCLUSION: The distribution of incidence of ECG changes in COVID-19 was shown based on the data obtained. The high
incidence of atrial fibrillation, which is a risk factor for thromboembolic complications, was confirmed. Moreover, a significant
prevalence of ECG patterns of overloaded right heart was shown, some are associated with pulmonary embolism. Other
reported ECG changes were characterized by a significantly lower prevalence, which does not reduce their clinical significance.
The data obtained may be used to improve COVID-19 patient management strategy in the future.

Keywords: electrocardiography, COVID-19; cardiovascular diseases; arrhythmias; myocarditis; pulmonary embolism; tele-ECG.
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BACKGROUND

In December 2019, the first case of a new coronavirus
disease (COVID-19) caused by SARS-CoV-2 was reported in
Wuhan (Hubei Province, China). The spread of the virus ac-
celerated, and as early as March 2020, the World Health Or-
ganization declared an outbreak of the COVID-19 pandemic.

Thus, Wu and McGoogan reported an overall mortality rate
of 2.3% from confirmed COVID-19, with a significant increase
(by 5.6%—-10.5%) among those with comorbidities, reaching
49% in critically ill patients [1]. The clinical signs of the disease
range from asymptomatic infection to multiple organ failure
leading to death. The upper respiratory tract is the entry point
for infection, and involvement of the lungs is the dominant
clinical sign of COVID-19, including acute respiratory distress
syndrome, according to most reports. However, patients with
the new coronavirus infection develop cardiovascular compli-
cations [2, 3], which are caused by three factors:

« A history of cardiovascular diseases

» Myocardial damage by an infectious agent

« The cardiotoxic effect of drugs for COVID-19 treatment,
which may concomitantly affect the cardiac conduction
system

Cardiovascular complications on electrocardiographic ex-
amination (ECG) include signs of ischemia, myocarditis, Bru-
gada pattern, various types of arrhythmias (including fatal),
thromboembolic complications, and QT and QTc (corrected
interval) prolongation and its proarrhythmogenic value [3-5].
Such myocardial damage is associated with negative disease
outcomes, prolongation of the recovery period, and aggrava-
tion of the prognosis [2, 6-9]. Therefore, clinical specialists
must pay close attention and recognize ECG changes that are
characteristic of COVID-19.

Due to published results of clinical studies in small
samples and analyses of single clinical cases, data on vari-
ous types of ECG phenomena in coronavirus infection have
already been accumulated in the international and domestic
literature [2, 4, 7, 8]. However, no systematization of ECG
frequency changes based on larger observations has yet
been presented, which is important for determining the tac-
tics of patient management and prognosis.

The goal of the study was to structure ECG changes
in COVID-19 patients, who were drawn from a nonselective
population of Moscow residents.

MATERIALS AND METHODS

Study design

From March 10, 2020, to March 10, 2021, 42,799 patients
were treated for the new coronavirus infection in Moscow
medical institutions as part of an observational retrospective
study. The ECG findings were obtained from the telemedical
system of ECG registration and remote analysis (tele-ECG
system) of ATES MEDICA Company (Russia). In addition,
the ECG findings received from the tele-ECG system were
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registered in the Moscow Unified Medical Information and
Analysis System.

Eligibility criteria

Inclusion criteria: Persons over the age of 18 with a clini-
cal and laboratory-verified diagnosis of the new coronavirus
infection determined in accordance with the Interim Guide-
lines of the Ministry of Health of the Russian Federation on
the COVID-19 Prevention, Diagnosis, and Treatment (based
on a positive polymerase chain reaction test and/or the pres-
ence of viral pneumonia according to computed tomography)

Exclusion criteria: Patients under the age of 18 and the
absence of ECG findings in the tele-EKG system and/or elec-
tronic patient records

Setting

Patients were admitted to the Moscow City Health De-
partment’s Municipal Clinical Hospital No. 40, as well as
clinical departments, a pulmonology center, and a reserve
hospital at the Vorokhobov Municipal Clinical Hospital No. 67.

A remote electrocardiography center (ECG IT Center) was
established at the Vorokhobov City Clinical Hospital No. 67 of
the Moscow City Health Department. In accordance with the
guidelines on centralization of ECG descriptions, all ECGs re-
corded in the abovementioned medical institutions were ac-
cumulated in the tele-ECG system of the ECG IT Center to fur-
ther describe and transfer the findings to the electronic patient
records [10]. Morozov et al. reported that such an approach to
the centralization of analytical processing of registered ECGs is
adequate and allows for the optimization of materials and time
costs, which is especially important given the increased load on
the public health system during the COVID-19 pandemic [11].

Study duration

This retrospective study was conducted between April
and June 2021, based on the ECG findings of coronavirus-
infected patients who received inpatient treatment within a
year (from March 10, 2020, to March 10, 2021).

Medical intervention

ECGs were recorded in all patients upon admission to
the hospital and then every 3 days depending on the clinical
situation and baseline ECG changes.

Main study outcome

The main outcome was the ECG recorded in patients
with a confirmed COVID-19 diagnosis who received inpa-
tient treatment in clinical departments and structural units
of medical organizations that collaborated with the ECG IT
Center. The ECG parameters listed below were assessed:

» Rhythm and conduction disorders: The grading of supra-
ventricular and ventricular rhythm disorders was per-
formed using the conventional criteria. The QT interval
duration was calculated automatically using the ATES
MEDICA software, taking into account the variance in
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12 leads. When calculating these intervals, the aver-
aged QRST complex of each lead was superimposed on
each subsequent lead. The QT interval was calculated by
measuring the time between the first point of ventricular
depolarization and the last point of T-wave termination.
In addition, using Bazett's formula, heart rate data were
corrected to obtain the QTc interval value. Thus, the cut-
off values for the QTc interval for men and women were
450 and 460 ms, respectively.

» Morphological abnormalities (ST-T changes): At 60-80
ms intervals, the ST segment was measured from point
J. ST-T abnormality was defined as downsloping and/or
horizontal ST segment depression of =0.05 mV and/or ST
segment elevation of 0.10 mV in limb and V;_, leads and/
or >0.25 mV in V,_,, with a maximum in V, leads. Abnor-
malities of the T-wave were defined as changes in shape
and polarity according to the generally accepted criteria,
whereas secondary ST-T changes caused by ventricular
premature excitation, intraventricular conduction block,
and ventricular stimulation rhythm were not considered.

* Right heart overload and enlargement: Standard criteria
were used to assess right atrial and right ventricular en-
largement as well as the presence of acute pulmonary
heart marker and pulmonary embolism, as reflected on
ECG by S,Q,,T,, pattern and its combination with T-wave
inversion in right chest leads, transient right bundle
branch block, P-pulmonale, and depressed ST segment
in left chest leads.

Subgroup analyses

The sample for this study was a nonselective popula-
tion of Moscow residents who received hospital treatment
for COVID-19. The sample was formed regardless of age,
concomitant pathologies, severity of clinical condition, labo-
ratory data, and duration of hospital stay. Retrospectively,
patients were divided into two subgroups based on the pres-
ence or absence of ECG syndromes.

Any additional subgrouping was not anticipated by the
aim and objectives of the study.

Outcome recording methods

The ECG was recorded in 12 standard leads using EASY
ECG digital electrocardiographs (ATES MEDICA), which were
equipped with modules for remote data transmission and an
automatic ECG interpretation function with measurements
of the main ECG parameters, such as duration of waves and
intervals, voltaic characteristics, and subsequent formation
of the preliminary report. When the electrocardiograph was
connected to a laptop or tablet, the registered ECG records
were visualized with the display of automatic analysis. Then,
via Internet connection, the registered ECG was transmitted
to the ECG IT Center’s server, where functional diagnosti-
cians reviewed the automatic ECG analysis and formulated
a final conclusion. Subsequently, the ECG report was trans-
ferred to the electronic patient records.
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Ethical review

The study was approved by the Independent Ethics Com-
mittee of the Moscow Regional Branch of the Russian So-
ciety of Roentgenologists and Radiologists, No. 5/2021, on
May 20, 2021.

Statistical analysis

The statistical analysis included data from all subjects,
which were divided into two subgroups based on the pres-
ence or absence of the ECG pathological phenomenon. For
each subgroup, descriptive statistics of baseline character-
istics were provided, with the following parameters: number
of missing values (N), minimum value (Min), maximum value
(Max), arithmetic mean (M), standard deviation (SD), 95%
confidence interval (CI) for the mean, and median (Me).

A t-test was used to compare data between subgroups.
For intergroup comparison of categorical baseline charac-
teristics, the chi-square test or Fisher's exact test (if the
expected frequency in any of the cells was >5) was used.
The level of statistical significance (p) was set at 0.05 (two-
sided). All statistical parameters were calculated using Stata
14 software.

RESULTS

Study subjects/participants

The current study included 42,799 patients who had clini-
cal and laboratory-verified COVID-19 infection.

In the primary analysis of ECG findings, 47,292 record-
ings with or without diagnosed ECG phenomenon were se-
lected. In the subsequent assessment, ECG recordings with
no change in previous ECG diagnosis (n = 3927), duplicated
patient records (n = 563), and records with incomplete data
(n = 3) were excluded from the data analysis. Thus, the ex-
clusion of 4,493 ECG recordings due to baseline material
analysis allowed achieving quantitative matching of ECG
findings with patients, i.e., one of the findings with a leading
ECG diagnosis was considered for each study subject. The
total number of registered primary and repeated ECG find-
ings was 34,510 and 8,289, respectively.

Participants in the study ranged in age from 23 to 98
years. The mean age of patients with no pathologic ECG
changes was 52.0 + 14.5 years, whereas that of patients
with various pathologic ECG syndromes was 69.6 + 15.7
years ([p < 0.0001], Table 1).

Female patients (52%) outnumbered male patients in the
study, but statistically significant differences between the
subgroups for this parameter were not found (Table 2).

Main study results

Pathological ECG phenomena were recorded in 54%
(n=23,113) of the study participants, with the percentage
calculated based on the total number of patients.
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Table 1. Descriptive statistics of the sample age structure
Parameters Normal ECG Abnormal ECG Total
N 19 686 23113 42799
Mean 52,0 69,6 61,7
SD 14,5 15,7 17,5
95% On (47,7; 56,4) (65,4;73,9) (58,2; 65,2)
Min 23 30 23
Max 77 98 98
Med 55 71 62
P (t-test) <0,0001 -
Table 2. Distribution of examined subjects by gender
Gender Normal ECG | Abnormal ECG | Total | p-value
Female 9626 (48,9%) 12 629 (54,6%) 22 255 (52,0%) 0.299
Male 10 060 (51,1%) 10 484 (45,4%) 20 544 (48,0%)

The most common cardiac rhythm and conduction disor-
ders were supraventricular arrhythmia and atrial fibrillation,
found in 12.6% and 12.0% of the patients examined, respec-
tively. Moreover, sinus tachycardia was found in 7.13% of
the patients.

Signs of right heart overload were registered in 12.5% of
patients. This was demonstrated by ECG signs of right atrial
and ventricular enlargement, diastolic and systolic tension in
the right ventricular myocardium, pulmonary hypertension,
and S,Q,T, patterns, which indicated the development of
pulmonary embolism. In this study, the ECG pattern of pul-
monary embolism was discovered in 485 patients. Figure 1
depicts an example of the 5,Q,T,, ECG pattern.

Infarct-like changes were found in 4.5% of the patients,
including three cases of the Brugada pattern (Fig. 2).

Signs of acute myocardial ischemia were observed in
0.5% of cases. Further, acute tissue abnormalities mani-
fested by ECG ST-T changes were found in 2.2% of pa-
tients. Figure 3 shows a case of ST segment and T-wave
changes.

ECGs with prolonged QT and QTc intervals were recorded
in 540 patients, accounting for 1.26% of all subjects exam-
ined. Notably, all these subjects were treated with azithro-
mycin and hydroxychloroquine.

During the specified time period, single cases of ven-
tricular fibrillation, Frederick’s syndrome, and AV blocks of
various degrees were recorded (Table 3).

DISCUSSION

Main study result summary

Cardiovascular complications are common in COVID-19
patients and are reflected in altered ECGs. Thus, ECG phe-
nomena were found in 54% of patients. The most com-
mon disorders were supraventricular arrhythmia and atrial
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Fig. 1. 5,Q,T,, ECG pattern. Male patient, 81 years old. Diagnosis:
COVID-19, negative polymerase chain reaction test. Qut-of-hos-
pital bilateral polysegmental pneumonia. Computed tomography
findings: Pulmonary tissue involvement of approximately 80%.
ECG findings of 02/02/2021: First-degree AV block and second-
degree AV block type 2 (2:1; 3:1), 61 bpm. Left axis deviation.
S,Q, T, type, ST elevation, and negative T-wave in Il, Ill, AVF, and
V,-V; leads



https://doi.org/10.17816/DD

ORIGINAL STUDY ARTICLES

Vol 2 (3) 2021

Digital Diagnostics

|
l
1)

AN

"

"
o
)
¢
2

H. 4
ol
t

:

§

1

RGERE
e

|

b

ke

\

i

jj
e e

= e = Ee= =
G}

<
o
—

=

v
.
g

..

wmu/cerx: 25.0 aoa/uB: 10

Fig. 2. ECG pattern of Brugada syndrome. Male patient, 67
years old. Diagnosis: COVID-19, positive polymerase chain
reaction tests. Out-of-hospital bilateral polysegmental pneu-
monia. Computed tomography findings: Pulmonary tissue in-
volvement of approximately 75%. ECG findings of 05/22/2020:
Wandering of atrial pacemaker. Single supraventricular ar-
rhythmia, 51 bpm. Normal axis. Right bundle branch block.
Left ventricular hypertrophy. ST elevation in II, lll, AVF, and
V,-V; leads

fibrillation, found in 12.6% and 12.0% of patients, respec-
tively. Signs of right heart overload were seen in 12.5% of
patients, including 1.13% (485 patients) with ECG pattern of
pulmonary embolism. Infarct-like ECG changes occurred in
4.5% of cases, with three patients exhibiting the Brugada
pattern. Moreover, ST-T changes were observed in 2.2% of
all patients. In 540 patients, ECGs with prolonged QT and QTc
intervals were recorded (1.26%).

In addition, single cases of ventricular fibrillation, Fred-
erick’s syndrome, and AV blocks of various degrees were
observed.
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Fig. 3. ST segment and T-wave changes. Female patient, 74 years
old. Diagnosis: COVID-19, positive polymerase chain reaction tests.
Out-of-hospital bilateral polysegmental pneumonia. Computed to-
mography findings: Pulmonary tissue involvement of approximate-
ly 25% and 50% on the left and right, respectively. ECG findings
of 02/25/2021: Sinus tachycardia, 111 bpm. Left axis deviation.
ST elevation in I, II, AVL, and AVF leads and ST depression in AVR
and V, leads

Main study result discussion

The analysis of ECG studies showed that ECG changes
are common and occur in more than half (54%) of hospital-
ized patients with confirmed COVID-19. The obtained data
are consistent with global statistics on the prevalence of
cardiovascular complications in coronavirus infection and
have been confirmed in a number of papers [9, 12-14].
One of the reasons for the high prevalence of cardiovascu-
lar complications in COVID-19 is the disease pathogenesis.
The binding of the viral surface protein to the angiotensin-
converting enzyme 2 (ACE2) receptor is necessary for the
infectious process to progress. Moreover, ACE2 receptors
located on the membranes of type Il pneumocytes are found
in high concentrations in the heart and vascular endothelium,
including the coronary artery. Thus, the virus causes direct
myocardial damage. Cardiovascular complications may de-
velop as a result of molecular mimicry, with immune reac-
tions being activated by a type of “cytokine storm,” which is
exacerbated by hypoxia due to respiratory failure [6]. In pa-
tients with preexisting cardiovascular diseases, SARS-CoV-2
infection aggravates the underlying disease (even if it was
previously well controlled by drug therapy) due to pulmonary
hypertension, impaired immune regulation, and the direct

241


https://doi.org/10.17816/DD

ORIGINAL STUDY ARTICLES

Table 3. Structure of ECG phenomena in COVID-19
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Patients (n=42799)

ECG phenomena

n %
Supraventricular arrhythmia 5401 12,6
Tachyarrhythmias:
« Atrial fibrillation 5142 12,0
« Sinus tachycardia 3050 7,13
« Ventricular tachycardia 3 0,007
Bradyarrhythmias:
« Atrioventricular block (varying degrees) 19 0,04
« Sinus bradycardia 7 0,014
ST-T changes 924 2,2
Brugada-like changes 3 0,007
SQ,T,, pattern 485 1,13
Infarct-like changes 1941 4.5
Acute myocardial ischemia 214 0,5
Right heart overload 5338 12,5
QT-QTc prolongation 540 1,26
Other ECG changes (ventricular fibrillation, Frederick’s syndrome, etc.) 46 0,11

effect of the viral agent, resulting in a more severe course of
COVID-19, including prolonged hospitalization, increased risk
of death, and transfer to the intensive care unit [2, 6, 12, 15].
Thus, the link between COVID-19 and cardiovascular disease
becomes evident, with preexisting pathologies exacerbating
the course of the infectious disease and SARS-CoV-2 con-
tributing to or resulting in acute cardiovascular events [6].

Systematization of ECG phenomena in COVID-19 pa-
tients using a large dataset allowed for the identification
and categorization of various electrocardiographic changes
by prevalence, which is characteristic of rhythm and conduc-
tion disorders, myocarditis, ischemia, right heart overload,
pulmonary embolism, and cardiotoxic effect of drugs in the
4-aminoquinoline derivatives group.

Supraventricular arrhythmia was the most common ECG
phenomenon in COVID-19 patients. In clinical practice, it is
one of the most common arrhythmias, regardless of gender
or age, and develops in the presence of cardiovascular, en-
docrine, and bronchopulmonary diseases, as well as other
disorders, leading to the involvement of the cardiovascular
system in the pathological process. Remarkably, supraven-
tricular arrhythmia may occur in a relatively healthy patient
when exposed to a stressor or physical activity, or due to
the use of drugs, caffeine, and smoking. Direct or mediated
exposure of the SARS-CoV-2 viral agent to the myocardium
and metabolic disorders caused by the coronavirus infection
contribute to the development of supraventricular arrhyth-
mia. In addition, other authors state that it is the most com-
mon arrhythmia in COVID-19 patients [2, 6, 9, 12].
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In the structure of ECG phenomena, atrial fibrillation took
the lead among tachyarrhythmias and was recorded in 12%
of patients with confirmed COVID-19. In the general popu-
lation, the prevalence of atrial fibrillation ranges between
1% and 2% [16]. Its occurrence in a viral process is linked
to the pathophysiological mechanisms of arrhythmia, which
requires a trigger and a substrate for its maintenance [16]. In
the context of coronavirus infection, systemic inflammatory
response, fever, and COVID-induced hypoxemia may be trig-
gers for arrhythmia [12, 14, 17]. According to our findings,
the mean age of patients with abnormal ECG changes was
69.6 + 15.7 years, which is a risk factor for atrial fibrilla-
tion because the probability of developing atrial fibrillation
increases in persons over the age of 40, according to nu-
merous clinical studies. Moreover, age is 1 of the 15 key
factors in determining the risk of thromboembolic compli-
cations [16]. The prevalence of concomitant cardiovascular
and endocrine pathologies, which also contribute to the de-
velopment of atrial fibrillation, increases with age. The au-
thors of several studies concluded that the presence of atrial
fibrillation in patients with coronavirus pneumonia signifi-
cantly worsens the prognosis of the disease [9, 13, 17, 18].
Thus, Wang et al. analyzed clinical features in 319 patients
with severe and extremely severe course of COVID-19 [18].
Male patients predominated among the extremely severe
group, whereas females prevailed among the subjects with
a severe course of the disease (p < 0.05). The proportion
of stroke patients in the group of critically ill patients was
significantly higher than in the group with a severe course of
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the disease (p < 0.05). The frequency of increased levels of
cardiac-specific troponin |, natriuretic peptide (NT-proBNP),
D-dimer, C-reactive protein, and hypocalcemia was higher
in critically ill patients than in those with a severe disease
(p < 0.001). Multivariate logistic regression analysis showed
that increased NT-proBNP levels and age were independent
predictors of atrial fibrillation, which was then an indepen-
dent risk factor for hospital mortality (OR = 3.857, 95% Cl
1.506-9.879) and artificial respiration (OR = 4.701, 95% Cl
1.864-11.856) [18]. Based on the results of studies indicat-
ing an increased risk of thromboembolic complications and
death in the severe course of coronavirus infection, careful
selection of anticoagulant therapy in patients with COVID-19
and concomitant atrial fibrillation is necessary to balance the
risk of thromboembolism and possible bleeding.

Furthermore, sinus tachycardia is a common ECG syn-
drome in coronavirus infection. Thus, the overall prevalence
of sinus tachycardia in COVID-19 patients was 7.13%. In a
study by D. Wang et al., which included 138 patients hos-
pitalized for COVID-19, tachycardia was found in 17% of
cases, and the frequency of arrhythmia reached 44.4% in
severely ill patients and those in the intensive care unit, but
did not exceed 6.9% in other hospitalized patients [19]. Si-
nus tachycardia has a negative impact on the clinical course
and prognosis of the disease. Y. Wang et al. reported that
sinus tachycardia was found to be an independent risk fac-
tor for hospital mortality (OR = 6.545, 95% Cl 3.166-13.531,
and p < 0.001) and artificial respiration (OR = 4.804, 95%
Cl 2.322-9.941, and p < 0.001) [18]. In addition, the func-
tional reserve of the left ventricle in long-term tachycardia
may decrease due to a weakening of its pumping function,
increasing the risk of tachycardia-induced cardiomyopathy.

Bradyarrhythmias were much less common. Thus, out
of 23,113 subjects with coronavirus infection and registered
ECG abnormalities, sinus bradycardia and atrioventricular
blocks of varying degrees were found in 7 and 19 cases,
respectively.

In the conducted study, right heart overload was con-
firmed by signs of right atrial and ventricular hypertrophy,
diastolic and systolic tension of the right ventricular myo-
cardium, pulmonary hypertension, and patterns of pulmo-
nary embolism. Signs of right ventricular overload were
recorded in 12.5% of COVID-19 patients. The most common
manifestation of right heart overload was diastolic overload
in the form of right bundle branch block, most of which
was incomplete. Thus, Ryabykina investigated the signs of
electrocardiographic right ventricular stress in COVID-19
patients and, when analyzing 150 ECGs, discovered that the
most common signs of right ventricular dysfunction were
incomplete right bundle branch block (42.6%), right atrial
phase of P-wave (41.3%), S,Q,,T,, ECG type (33.3%), and right
ventricular hypertrophy, mostly represented by increasing
of Sys_4 waves (14.7%) [7]. The registration of the SQ,T,
pattern as a marker of acute cor pulmonale and pulmonary
embolism required special attention due to the right atrial
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changes. According to the literature, registration of SQ-
Ty complete right bundle branch block, and ST elevation
in V,_, chest leads is associated with a high risk of death
[20]. This ECG pattern was observed in 485 patients who
were later diagnosed with pulmonary embolism. Thus, given
the acute damage to the pulmonary tissue and the preexist-
ing hypercoagulable syndrome associated with COVID-19,
acute pulmonary thromboembolism should be ruled out first
when recording ECG patterns of right heart involvement in
the pathological process.

Moreover, markers of acute myocardial damage and
infarct-like changes revealed on ECG are noteworthy. Myo-
carditis caused by the coronavirus infection is a common phe-
nomenon, and its pathogenesis is associated with an active
immune response to the myocardium affected by the virus [2,
3, 6, 8,19, 20]. Acute myocardial damage correlates with an
increased risk of hospital mortality. Thus, Shi et al., as a result
of the analysis of clinical, laboratory, and instrumental data of
416 hospitalized patients with confirmed coronavirus infection,
revealed that those with signs of myocardial damage had a
higher in-hospital mortality rate when compared to patients
without such signs (51.2% vs. 4.5% [p < 0.001]) [2]. Patients
with myocardial damage had a higher risk of death compared
to those without such a complication, both from the onset of
symptoms (OR = 4.26, 95% Cl 1.92-9.49) and from admission
to the endpoint (OR = 3.41, 95% Cl 1.62-7.16) [2].

ECG signs of myocarditis include reduced wave ampli-
tude in limb leads, ST segment elevation predominant in the
lower and lateral leads, and ST segment depression with
T-wave inversion in V, and aVR leads [20]. In our study, such
ST-T patterns were observed in 2.2% of patients. Notably,
myocarditis can cause life-threatening arrhythmias, bundle
branch blocks, QT interval prolongation, and infarct-like
changes [3, 6, 20].

Special attention should be given to Brugada-like ECG
changes, which include pseudoblocks of the right bundle
branch and persistent ST segment elevation in V,_, leads
[7]. In the analyzed material, three such cases were found.
True Brugada syndrome is a genetic disorder that increases
the risk of fatal arrhythmias and sudden death. In COVID-19
patients, existing long-term fever, metabolic disorders, and
viral myocardial damage may result in ECG patterns similar
to Brugada syndrome; however, unlike true Brugada syn-
drome, these disorders are transient and disappear when
the overall disease pattern improves. Nevertheless, Bruga-
da-like ECG changes significantly complicate diagnostic and
clinical strategies, because they are frequently associated
with chest pain, mimicking acute myocardial infarction [4,
20]. Coronary artery thrombosis and hyperactivation of co-
agulation cascade are the primary causes of acute myocar-
dial ischemia in coronavirus infection [6, 7]. Therefore, the
patient’s history and the data of coronary angiography and
laboratory markers of myocardial damage are important for
differential diagnosis. In this study, ECG patterns of acute
ischemia were detected in 0.5% of patients.
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QT and QTc interval prolongation was reported as one
of the possible causes of life-threatening arrhythmias in
1.26% of patients who were hospitalized for COVID-19.
Remarkably, off-label patients were given antimalarials
such as chloroquine and hydroxychloroquine, as well as
azithromycin (a macrolide antibiotic). These drugs have a
pro-arrhythmogenic effect because of their direct influence
on cellular transmembrane potential, which is expressed
by QT and QTc interval prolongation, potentially leading to
the development of pirouette-type tachycardia [5, 7, 20].
In addition, macrolide use is associated with QT interval
prolongation and may lead to pirouette-type tachycardia,
especially when combined with concomitant bradycardia,
hypokalemia, and hypomagnesemia [20]. Given these pecu-
liarities of pharmacological effects of the aforementioned
drugs, continuous monitoring of the QT interval for timely
correction of drug therapy and prevention of life-threaten-
ing arrhythmias may be recommended for all patients who
receive such therapy.

Study limitations

There were some limitations to the study.

The current study used a nonselective sample of patients
with confirmed COVID-19 infection, regardless of concomi-
tant pathology, severity of clinical condition, data of labo-
ratory and other instrumental examinations, and duration
of hospital stay. This approach to sampling is relevant in
the context of the present study’s aim because it allows for
the primary structuring of ECG changes in the population
of Moscow residents. However, stratification of the risk of
death, time to complete recovery, and the risk of transferring
patients to the intensive care unit are of broad practical in-
terest. Therefore, a future study with subgrouping of patients
for the aforementioned analysis is planned.

Importantly, when ranking ECG phenomena among
tachyarrhythmias, atrial fibrillation was considered as a
single nosology, without differentiating its forms. The re-
vealed ECG changes peculiar to right heart overload, myo-
carditis, and coronary heart disease are often insufficiently
specific, necessitating verification with laboratory tests and
instrumental diagnostic methods.
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