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Abstract

Objectives: Cardiac manifestations of the coronavirus disease 2019 (COVID-19) have mainly
been reported in adults. Therefore, we aimed to determine the electrocardiographic abnormal-
ities in hospitalised paediatric patients with COVID-19 and multisystemic inflammatory
syndrome in children. Methods: We retrospectively evaluated hospitalised paediatric patients
<18 years of age with a diagnosis of COVID-19 (n = 168) and multisystem inflammatory syn-
drome in children (n = 48) between March 2021 and December 2021. A daily electrocardiog-
raphy was performed for the patients who had electrocardiographic abnormalities on admission
or developed electrocardiographic abnormality on the follow-up. The characteristics of these
patients, underlying predisposing conditions, and clinical course were also examined.
Results: Two-hundred sixteen paediatric patients (55% were male) with a mean age of
10.7 £4.69 years were evaluated. There was an underlying disease in 84 (38.8%) patients
and 51 (23.6%) required paediatric ICU admission. Electrocardiography abnormality was
detected in 12 (5.5%) which were as follows: 7 (3.2%) had sinus bradycardia, 3 (1.4%) patients
had transient ST elevation and concomitant T negativity, and 2 (0.9%) developed first-degree
Atrioventricular (AV) block. The median time from the onset of disease symptoms to detecting
electrocardiographic abnormality was 9 days. Electrocardiographic abnormalities returned to
normal uneventfully 3 days later. Conclusions: The prevalence of arrhythmia in paediatric
patients with COVID-19 was detected in 5.5% of the patients. While two-thirds of the electro-
cardiography abnormalities were sinus bradycardia, ST elevation was remarkable (1.4%).
Clinicians should be aware of electrocardiographic abnormalities and consider electrocardio-
graphic monitoring in paediatric patients with COVID-19 and multisystemic inflammatory
syndrome in children.

The disease caused by a novel coronavirus identified as severe acute respiratory coronavirus 2
(SARS-CoV-2) was named Coronavirus Disease 2019 (COVID-19). The disease quickly spread
to hundreds of countries within a few months, becoming a pandemic in March 2020. In child-
hood, COVID-19 mainly showed mild clinical course, and severe disease can be seen in 2-6% of
cases.? A hyperinflammatory syndrome characterised by fever longer than 24 hours, skin
rashes, conjunctivitis, and multisystemic findings emerged from the United Kingdom and
Italy in April 2020 and was named a multisystemic inflaimmatory syndrome in children.>?
Cardiac complications in children have been mainly reported among multisystemic inflamma-
tory syndrome in children cases, such as coronary artery dilatation and aneurysms. However,
several cardiac manifestations, including asymptomatic myocardial injury, myocarditis, and
pericardial effusion, can be observed in COVID-19 patients.* Arrhythmias such as ST/T wave
abnormalities, QTc¢ prolongation, and atrioventricular block due to these cardiac changes have
been reported mostly in adult studies.” However, data on paediatric COVID-19 patients with
cardiac manifestation and electrocardiographic abnormalities are still scarce.*” Therefore, we
aimed to determine the electrocardiographic abnormalities in hospitalised children with
COVID-19 and multisystemic inflammatory syndrome in children.

The study was conducted at the Pediatric Infectious Diseases Division of the Faculty of
Medicine, Ege University, Turkey, between March 2021 and December 2021. Patients aged
0-18 years with the diagnosis of COVID-19 and multisystemic inflammatory syndrome in chil-
dren were included. Patients with a positive result of SARS-CoV-2 PCR and showing symptoms
attributable to COVID-19 were hospitalised in the Pediatric Infectious Diseases Department.
Multisystemic inflammatory syndrome in children was defined according to criteria declared
by the Central Diseases Center of the United States.®

The patients’ medical records were collected retrospectively, and demographic characteris-
tics (age, gender, comorbidities), clinical features, and laboratory findings were recorded. A daily
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Table 1. Heart rate by age.

Age Percentile 2nd (beats per minute)
0-3 months <126

3-6 months <116

6-12 months <106

1-3 years <97

3-5 years <77

5-8 years <64

8-12 years <59

12-16 years <53

electrocardiography was performed for the patients who had
electrocardiographic abnormalities on admission or developed
electrocardiographic abnormality on the follow-up.

The patients with electrocardiographic abnormalities were also
evaluated in terms of length of hospital stay, paediatric ICU admis-
sion, the medical treatments given (steroid, intravenous immuno-
globulin, antiviral therapy, anticoagulant therapy), and the levels of
inflammatory markers (C-reactive protein, ferritin) and cardiac
markers (troponin T and pro-brain-natriuretic peptide).

Two different 12-lead standard electrocardiographic devices were
used. Records were taken with the Philips ECG TC10 ECG device
in the paediatric intensive care and emergency department and
with the Cardiofax model 1250K ECG device in the paediatric
infectious diseases department (Philips ECG TC10, Andover,
MA, USA; Cardiofax GEM, Model 1250K; Nihon Kohden,
Tokyo, Japan). Two different 12-lead standard electrocardio-
graphic devices were performed with a speed of 25 mm/s and an
amplitude of 10 mm/mV while the patients lay in supine.
Electrocardiographics were read by a blind paediatric cardiologist.
Paediatric cardiologists did not examine patients. Normal paediat-
ric electrocardiographic parameters for age were used to determine
heart rate and PR interval normal limits. Bradycardia was defined
as a heart rate below the second percentile for age (Table 1). The
first-degree Atrioventricular (AV) block on the electrocardiogra-
phy was defined as PR interval >200 ms without associated disrup-
tion of atrial to ventricular conduction. ST-T segment normalised
is the isoelectric line. In addition, elevation and depression of chest
lead greater than 1 mV from the isoelectric line were considered as
abnormal.”!!

In a viral transport medium containing VNat, combined nasopha-
ryngeal and oropharyngeal swab specimens were obtained
(Bioeksen, Turkey). All samples were evaluated at our Molecular
Virology Laboratory using the Bio-speedy® SARS CoV-2 Double
Gene RT-qPCR (Bioeksen, Turkey). The Rotor-Gene was used
to reverse transcription-polymerase chain reaction (Qiagen,
Luxemburg). This assay amplifies and detects two viral targets
(ORFlab and N), with a detection limit of 200 genomes per mL.
The human gene target RNAse P (RP) was evaluated in each sam-
ple to employ an internal control. Results were considered positive
if the signal was detected (Ct < 35) for RP, ORFlab, and N genes.
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Anti-spike immunoglobulin G (IgG) and IgM antibodies were
detected in serum samples using rapid lateral flow immunoassay
(Colloidal Gold-Hotgen, Germany).

Statistical analysis was performed with SPSS statistical package
(version 25 for Windows). Data were expressed as either
mean + SD or percentages.

This research was approved by Ege University Clinical Research
Ethics Committee on 16.12.2021 (Number: 21-12.1T/22).

A total of 216 paediatric patients hospitalised between March 2020
and December 2021 were included in the study. Of these,
168 (77.7%) were diagnosed with COVID-19 and 48 (22.2%) with
multisystemic inflammatory syndrome in children, 98 (45%) were
female and 118 (55%) were male. The mean age of the patients
was 10.7 £4.69 years. There was an underlying disease in
84 (38.8%) of the hospitalised patients; neurometabolic disorders
[n =18, 8.2% (nine epilepsy and epileptic syndromes, three neuro-
degenerative disease, three organic acidemia, two glycogen storage
disease, one mucopolysaccharidosis)], endocrinological patholo-
gies [n = 14, 6.4% (11 obesity and 3 type 1 diabetes mellitus)], hem-
ato-oncological malignancy [n =11, 5% (five acute lymphoblastic
laeukemia, three central nervous system tumour, one lymphoma,
one neuroblastoma, one osteosarcoma)] were the most common
comorbidities. It was remarkable that 5% of the patients were
obese. Length of hospital stay-in median range was 6.1 days
(1-22 days), and 51 (23.6%) patients had paediatric ICU admis-
sion. The variant analysis could not be performed in patients with
positive SARS-CoV-2 PCR, but the delta variant was the most
prevalent in Turkey from Marchto December of 2021. The dem-
ographic characteristics of the hospitalised patients are summar-
ised in Table 2.

Electrocardiographic abnormality was detected in 12 (5.5%)
hospitalised patients; 58.3% were male. Three (25%) were hospital-
ised for multisystemic inflammatory syndrome in children (with
positive COVID-19 antibodies) and 9 (75%) for COVID-19 (with
positive SARS-CoV-2 PCR). The mean age was 12.4 + 3.4 years.
Comorbidity was present in only 1 (obese) patient. While 5%
(n=11) of 216 patients in the study group were obese, sinus brady-
cardia developed as a result of severe COVID-19 pneumonia in
only one of those with obesity. Length of hospital stay-in median
range was 8.2 days (6-10 days). On admission, seven patients had
respiratory symptoms such as cough, shortness of breath, and
high-grade fever. Pneumonia findings were confirmed on thorax
tomography imaging, favipiravir, antibiotherapy (ceftriaxone or
ceftriaxone + vancomycin), low molecular weight heparin, and
dexamethasone treatments were given. Intravenous immuno-
globulin and high-dose methylprednisolone were given to three
patients diagnosed with multisystemic inflammatory syndrome
in children, and inotropic support was given to one patient. In
addition, a patient diagnosed with myocarditis due to COVID-
19 was given IVIG therapy. Eight (66.6%) patients had respiratory
distress and seven (58.3%) patients had paediatric ICU admission.
Bilevel positive airway pressure support was given to four patients
following high-flow oxygen therapy. The length of stay-in median
range at paediatric ICU was 2.6 days (2-7 days). The demographic
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Table 2. Characteristics of the hospitalised patients. Table 3. Characteristics of the patients with ECG abnormalities.
Characteristics of the patients n (%) Patients, n 12
Age 10.7+4.69 Age, years, (mean+SD) 12.4+3.4
Gender Gender, male, n (%) 7 (58.3%)
Female 98 (45%) Length of hospital stay(day)-in median (range) 8.2 (6-10)
Male 118 (55%) Paediatric ICU admission n (%) 7 (58.3%)
Disease 168 (77.7%) COVID-19 laboratory testing
COVID-19 48 (22.2%) SARS-CoV-2 PCR positive 9 (75%)
MIS-C 84 (38.8%) SARS-CoV-2 PCR negative, serology positive 3 (25%)
Comorbidities ECG abnormality
Neurometabolic disorders 18 (8.2%) Sinus bradycardia 7 (3.2%)
Endocrinological pathologies 14 (6.4%) Transient ST elevation, T negativity 3 (1.4%)
Hemato-oncological malignancy 11 (5%) First-degree AV block 2 (0.9%)
Cardiovascular disease 10 (4.6%) Laboratory findings
Chronic pulmonary disease 10 (4.6%) WBC (mean + SD)/mm?3 8926 + 7129
Bone marrow/solid organ transplantation 8 (3.7%) ANC (mean # SD)/mm3 6438 + 7089
Primary immune deficiency 7 (3.2%) ALC (mean +SD)/mm? 1681 +2335
Others 6 (2.7%) Hb (mean + SD), g/dL 12.3+1.54
Length of hospital stay (day)-median (range) 6.1 (1-22) PLT (mean + SD)/mm?3 247,700 + 105,430
PICU admission 51 (23.6%) CRP (mean £ SD), mg/L 97.3+113.9
ECG abnormality 12 (5.5%) PCT (mean +SD), pg/L 1.38+1.65
COVID-19 = coronavirus disease 2019; ECG = electrocardiography; MIS-C = multisystem D-dimer (mean + SD), pg/L 1509 + 1162
inflammatory syndrome; PICU = paediatric ICU.
Fibrinogen (mean + SD), mg/dl 531.4+180.4
characteristics and laboratory findings of the patients with electro- Tl (e 230 T 220
NT-pro-BNP (mean + SD),ng/L 2601 + 6050

cardiographic abnormality are summarised in Tables 3 and 4.
Electrocardiographic abnormalities were as follows: 2 (0.9%)
patients developed first-degree AV block, 3 (1.4%) patients had
transient ST elevation and concomitant T negativity, and the other
7 (3.2%) had sinus bradycardia. None of the patients received anti-
arrhythmic medications such as p-blockers and calcium channel
blockers. Electrocardiographic abnormality was experienced in
the second week of the disease in most patients (n = 10, 83.3%);
the median time from the onset of disease symptoms to the
detection of electrocardiographic abnormality was 9 days (range:
4-12 days). The median time to detection after admission and
steroid therapy was 4 days (3-7 days). The patients did not
undergo 24-hour Holter recording during the hospital stay, but
daily electrocardiography was recorded for the patients who had
electrocardiographic abnormality on admission or developed
electrocardiographic abnormality on the follow-up. Patients who
developed bradycardia were continuously monitored with bedside
monitors. Although very low cardiac pulse values were recorded
(even deeper while asleep), the patients did not suffer from haemo-
dynamic deterioration. The electrocardiographic abnormality
returned to normal without any medication or pacing on the third
day after the initial abnormalities in all patients except one patient
whose sinus bradycardia lasted 4 days. Most of the patients
(n=10) did not develop any symptoms due to the severe course
of the disease, close monitoring of their vitals allowed these electro-
cardiographic changes to be noticed. Except for arrhythmias
occurring during hospital follow-up, there were two patients with
electrocardiographic abnormality and SARS-CoV2 PCR positivity
at admission; one of them presented with syncope, first-degree AV
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ALC = absolute lymphocyte count; ANC = absolute neutrophil count; CRP = C-reactive
protein; ECG = electrocardiography; Hb = hemoglobin; NT-pro-BNP = N-terminal-pro-brain
natriuretic peptide; PCT = procalcitonin; PLT = platelet count; WBC = white blood cell.

block was detected, and the other presented with chest pain and
fever, ST elevation was seen, and diagnosed as myocarditis due
to COVID-19 (electrocardiographic findings are shown in Figs 1
and 2).

Although it was observed that the detection of sinus bradycar-
dia and firsst-degree AV block did not have a significant effect
on patient management, it was important to detect ST changes,
which can be considered as an indicator of myocardial injury, in
1.4% (3/216) patients, because in this way, the examinations and
treatments (IVIG, steroid) of the patients were expanded and
longer follow-up was planned. Also it has been shown in our data
that COVID-19 can cause substantial myocarditis (1 of 216 cases;
approximately 0.5%) in childhood and may present with signifi-
cant electrocardiographic abnormalities.

In laboratory tests, there was a significant increase in cardiac
markers troponin T and pro-BNP in multisystemic inflammatory
syndrome in children patients and one patient with myocarditis.
At the same time, no elevation was found in other COVID-19
patients.

In echocardiographic evaluation, pathology was detected only
in patients with multisystemic inflammatory syndrome in chil-
dren; one of the patients had mild mitral regurgitation, one had
pericardial effusion, and the other one had low ejection fraction
(35-40%), which completely regressed in follow-up. No pathology
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Table 4. Summary of patients with ECG abnormalities.

Elevated
Symptoms on PICU Inotropic Respiratory Antibiotic Antiviral IVIG cardiac
Patient  admission Disease admission  support support therapy therapy Steroid therapy therapy  Radiology markers ECG Echocardiography
1 Fever, shortness of COVID-19 Yes No HFNO Ceftriaxone Favipiravir ~ Dexamethasone No Bilateral no sinus No abnormality
breath 6 mg/glin iv pneumonia bradycardia
2 Fever, abdominal MIS-C Yes Yes BIPAP Ceftriaxone No Pulse 2g/kg Normal Yes Sinlis Mild mitral
pain, diarrhoea, methylprednisolone chest X-ray bradycardia regurgitation
shortness of breath
3 Fever, cough COVID-19 No No No, only 0, Ceftriaxone Favipiravir Dexamethasone No Bilateral No First degree No abnormality
support with 6 mg/daily iv pneumonia AV block
nasal
cannula
4 Fever, shortness of COVID-19 Yes No HFNO Ceftriaxone Favipiravir ~ Dexamethasone No Bilateral No Sinis No abnormality
breath 6 mg/daily iv pneumonia bradycardia
5 Fever, cough, COVID-19 Yes No HFNO Ceftriaxone Favipiravir ~ Dexamethasone No Bilateral No Sinis No abnormality
shortness of breath 6 mg/daily iv pneumonia bradycardia
6 Fever, cough, COVID-19 No No HFNO Ceftriaxone Favipiravir Dexamethasone No Bilateral No Sinis No abnormality
shortness of breath 6 mg/daily iv pneumonia bradycardia
7 Fever, cough, COVID-19 Yes Yes BIPAP Ceftriaxone Favipiravir Dexamethasone No Bilateral No Sinls No abnormality
shortness of breath 6 mg/daily iv pneumonia bradycardia
8 Fever, cough, COVID-19 No No Nasal 0, Ceftriaxone Favipiravir Dexamethasone No Bilateral No ST- elevation, No abnormality
shortness of breath requirement 6 mg/daily iv pneumonia T negativity
9 Fever, sore throat, MIS-C Yes No BIPAP Ceftriaxone No Methylprednisolone 2g/kg Bilateral Yes ST-elevation Low ejection
cough, swelling in the 2 mg/kg/daily iv pleural fraction (35-40%)
neck, shortness of effusion
breath
10 Fever, vomiting, MIS-C Yes No Nasal 0, Ceftriaxone+  No Methylprednisolone 2g/kg Pulmonary Yes Sinis Minimal
abdominal pain, rash requirement vancomycin 2 mg/kg/daily iv oedema bradycardia pericardial
effusion
11 Chest pain, fever COVID-19/ No No No No No No lg/kg Normal Yes ST-elevation No abnormality
myocarditis
12 Syncope COVID-19 No No No No No No No Normal No First-degree No abnormality

AV block

8¢S

‘e 318 noAy ‘9


https://doi.org/10.1017/S1047951123000100

Cardiology in the Young

529

Spood. IS5 menfuoy Lissds. 30 mwnyiri’

Ol 10 el

Figure 1. Electrocardiography demonstrating ST elevation in a 15-year-old male patient (patient 11) with myocarditis.

Figure 2. Electrocardiography demonstrating first-degree AV block in a 7-year-old female patient (patient 12) with syncope.

was detected in other patients. All patients recovered; no deaths
from SARS-CoV-2 infection nor multisystemic inflammatory
syndrome in children were recorded.

Discussion

In our single-centre experience, we detected an electrocardio-
graphic change in 5.5% of the hospitalised paediatric patients
with COVID-19. Sinus bradycardia accounted for more than half
of the electrocardiographic abnormalities, followed by transient ST
elevation-T negativity and first-degree AV block. Only three of the
patients were multisystemic inflammatory syndrome in children
patients from whom we expected cardiac involvement, but the
others were COVID-19-related conditions. While multisystemic
inflammatory syndrome in children data are found more
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frequently, and there are many adult studies of arrhythmias in
COVID-19 patients in the literature, the number of studies exam-
ining electrocardiographic changes in paediatric patients with
COVID-19 is very few.

Among cardiovascular manifestations associated with
COVID-19, various articles have reported arrhythmias in adults,
but there have been past arrhythmic history or significant
comorbidities in most cases.!>!*> A study involving adult patients
diagnosed with COVID-19 detected a new arrhythmia attack in
9% of hospitalised patients. Atrial fibrillation and atrial tachycardia
were the most common arrhythmias.'* The patients were clinically
stable, older and had longer in-hospital stays. Ventricular arrhyth-
mias have also been reported as the first clinical manifestation of
COVID-19. In the adult literature, AV block was noticed in the
acute phase of the hospitalisation, and most were considered
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due to hypoxia or electrolyte imbalance.”> However, the cause
and mechanism of arrhythmia in children have not been fully
elucidated.'

The short- and long-term effects of new-onset bradyarrhyth-
mias in patients with COVID-19 are unknown. A series of seven
patients with COVID-19 and severe bradyarrhythmias requiring
pacemakers was reported in adults.!” Amir et al. reported a case
series of six paediatric patients with symptomatic bradycardia in
COVID-19."® As in our study, all of them were hospitalised for
respiratory disease and needed oxygen support. The myocardial
lesion was excluded with normal cardiac markers and
echocardiogram. Half of the patients with persistent complete
AV block or sinus bradycardia underwent permanent pacemaker
implantation due to symptomatic (syncope, haemodynamic insta-
bility) clinical course. Our patients did not develop haemodynamic
instability, and their self-limiting condition did not require
additional medication or intervention during the follow-up.

Various theories have been proposed on the mechanism of
cardiac involvement during COVID-19. During acute illness,
bradycardia may develop due to invasion of myocardial tissue
by SARS-CoV-2, hypotension, hypoxia due to pulmonary damage
or inflammatory system activation, and collateral damage due to
cytokine storm.!” ACE2 overexpression in sino-atrial node cells
has also been associated with conduction abnormalities.*! In
our study, COVID-19-related myocarditis was the cause of tran-
sient ST elevation in one patient. It was thought that moderate
pneumonia and hypoxia, which required severe respiratory sup-
port and oxygen, could be the causative factors in seven patients.

Arrhythmic manifestations are described in 7-60% of patients
with multisystemic inflammatory syndrome in children with dif-
ferent presentation patterns.”> The most frequently reported
electrocardiographic anomalies were non-specific and included
ventricular repolarization abnormality, QTc prolongation, and
premature atrial or ventricular beats. In a study examining
multisystemic inflammatory syndrome in children and cardiac
conduction abnormalities, 32 patients were included, and first-
degree AV block was detected in 6 (19%) patients. Cardiac
enzymes, inflammatory markers, and cardiac function were not
associated with AV block. The onset of first-degree AV block
occurred at a median of 8 days after the initial onset of symptoms
and resolved after 3 days in the follow-up.”®> The mechanism of
myocardial dysfunction in multisystemic inflammatory syndrome
in children has not been cleared, and probably several pathophy-
siological mechanisms may play a role. Possible causes include
acute myocarditis, post-viral immunological reaction, and sys-
temic inflammatory response syndrome.** Choi et al.”> emphasised
that hyperinflammation and myocardial damage may be respon-
sible for conduction defects in multisystemic inflammatory syn-
drome in children patients and that early immunosuppressive
therapy (steroid and IVIG) also leads to conduction anomalies.

Some medications may also contribute to the development of
arrhythmias. In COVID-19, paediatric cases with QT prolongation
due to the combined use of hydroxychloroquine and azithromycin
and paediatric cases with sinus bradycardia due to remdesivir use
draw attention in the literature.”>?® Remdesivir was approved for
severe COVID-19 in adults and patients 12 years of age and older
as of October 2020 and was recently approved for all children
beyond 28 days of age.”””® Besides the expected side effects of
remdesivir, cardiovascular effects are also frequently mentioned
due to increased use. Asymptomatic sinus bradycardia and QT
interval prolongation, which develops during treatment and
disappears when treatment is discontinued, are also reported in
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paediatric and adult cases.”*** Remdesivir-associated mitochon-
drial dysfunction causing cardiotoxicity and the structural
relationship of remdesvir with adenosine which can cause AV
block is proposed to be potential mechanism.*® None of our
patients had a history of antiarrhythmic use, and none of them
received azithromycin-hydroxychloroquine or remdesivir treat-
ment. The literature reported bradycardia as a side effect of dexa-
methasone and other steroid therapies in some populations like
oncological patients and Kawasaki disease.*** Steroid-induced
decrease in the sensitivity of myocardial alpha-adrenergic and
beta-adrenergic receptors, leading to a reduction in heart rate
and mineralocorticoid activity causing hypertension and reflex
bradycardia, are predicted as potential mechanisms. In our study,
all of our patients who developed sinus bradycardia were treated
with steroids, dexamethasone for those with COVID pneumonia,
and low dose (2 mg/kg) or pulse-methylprednisolone for those
with multisystemic inflammatory syndrome in children.

In conclusion, bradyarrhythmias and various electrocardio-
graphic abnormalities may occur as a part of the clinical course
in paediatric patients with COVID-19, not only in multisystemic
inflammatory syndrome in children patients. Moderate to severe
pneumonia-induced hypoxia, steroid therapy, and direct cardiac
effects of SARS-CoV-2 may be potential causes of arrhythmias
detected in our patients in the second week of the disease.
Although these arrhythmias seem to have a benign course and
most electrocardiographic abnormalities (sinus bradycardia,
first-degree AV block) do not have a prominent effect on patient
management, the reports of many patients requiring pacemakers
and the scarce paediatric data raise doubts. It should also be kept
in mind that significant electrocardiographic findings (ST-T
abnormalities) may develop which changes the management of
the patients considerably and electrocardiographic monitoring
should be considered in these patients. Further prospective studies
are needed to reveal the cardiac findings, arrhythmias, the
underlying mechanism, and the short- and long-term effects of
COVID-19 in the paediatric population.
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