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Abstract

Coronavirus disease of 2019 (COVID-19) is a cause of significant morbidity and mortality worldwide. Although COVID-19
clinical manifestations are mainly respiratory, major cardiac complications are being reported. The mechanism of cardiac
injury and arrhythmias is unclear. Also, drugs currently used to treat the COVID-19 may prolong the QT interval and may
have a proarrhythmic propensity. The study aims to investigate the effects of COVID-19 infection with asymptomatic and mild
symptoms on trans-myocardial repolarization parameters in children without treatment. A total of 105 COVID-19 patients
were compared with 40 healthy children. The patient and control group data were compared by calculating the QT interval,
corrected QT (QTc), QT dispersion (QTd), QTc dispersion (QTcd), Tp-e, Tp-e dispersion, Tp-e/QT ratio, and Tp-e/QTc
ratio on the 12-lead surface electrocardiogram. The mean age was determined as 11.2 + 0.3 years in the patient group, and
10.8 + 2.1 years in the control group. In the COVID-19 group, QTd, QTcd, Tp-e, Tp-e dispersion, Tp-e/QT ratio and Tp-e/
QTc ratio were statistically higher than the control group. The ventricular repolarization was impaired even in asymptomatic
children with COVID-19 infection. These results suggest the need to further assess the long terms risks of prolonged QT
dispersion in the setting of COVID-19 infection.
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Introduction illness. COVID-19 infection appears to be milder in chil-
dren than in adults, although severe cases have been reported
[2]. Acute myocardial damage, arrhythmia, and cardiogenic

shock have been demonstrated in adult COVID-19 infec-

A novel coronavirus, now designated SARS-CoV-2
(COVID-19), was identified as the cause of an outbreak

of acute respiratory illness in Wuhan, a city in the Hubei
Province of China [1]. Presentations of COVID-19 infection
have ranged from asymptomatic/mild symptoms to severe
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tion. Arrhythmias may be the first clinical sign of COVID-19
infection. Besides drugs such as hydroxychloroquine (HCQ)
and azithromycin which are used to treat the disease may
increase the risk of arrhythmia [3]. Therefore, these patients
may have a higher risk of cardiac arrhythmias. The study
aims to investigate the effects of COVID-19 infection with
asymptomatic and mild symptoms on trans-myocardial repo-
larization parameters in children without treatment.

Materials and Methods
Patient Population
This prospective, cross-sectional, controlled, double-blind

study was performed between April 2020 and May 2020 in
the department of pediatric cardiology clinic of our hospital.
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This study was granted ethical approval by the local clinical
research ethics committee of our hospital. All parents gave
informed consent for participation in the study. The study
included 105 children with COVID-19 infection and 40 chil-
dren age- and sex-matched healthy subjects with an inno-
cent murmur as a control group. The children included the
study subjected to full history-taking, and complete physical
examination was performed. Heart rate and blood pressure
of all children were recorded. Exclusion criteria consisted
of signs of heart failure except for tachycardia increased
cardiac enzymes, pathology except for sinus tachycardia in
electrocardiography (ECG), cardiomegaly on chest X-Ray
and treated with HCQ/azithromycin. Also, children with the
structural and functional cardiac abnormality, any other sys-
temic disorders, and comorbid diseases were excluded. We
did not routinely perform echocardiography on our patients
due to the risk of transmission. The severity of the disease
was classified as asymptomatic, mild, moderate, severe
and critical according to the symptoms and signs of the
patients with positive 2019-nCoV nucleic acid test results.
The patients with no signs or symptoms were defined as
“asymptomatic”. The patients with symptoms of acute upper
respiratory tract infection such as fever, fatigue, muscle pain,
headache, loss of sense of smell, red-eye, cough, sore throat,
runny nose and sneezing, and digestive symptoms such as
nausea, vomiting, abdominal pain and diarrhea were classi-
fied as “mild”. Presence of pneumonia, fever, frequent cough
but with no obvious hypoxemi were defined as “moderate”.
Presence of dyspnea with central cyanosis, oxygen satura-
tion < 92% with other hypoxia manifestations were defined
as “severe”’. Presence of acute respiratory distress syndrome
(ARDS), respiratory failure, shock, encephalopathy, myocar-
dial injury, heart failure, coagulation dysfunction, and organ
dysfunction were defined as “critical”.

Electrocardiography

All ECGs at the time of diagnosis of COVID-19 infection
were analyzed from the medical records of the patients. We
examined 12-lead ECG recordings at a speed of 25 mm/s
and amplitude of 10 mm/mV with the patient lying down.
During the ECG recording, all the children were in sinus
rhythm. The high-resolution computer software program
(Adobe Photoshop CS2) was used for the evaluation of ECG
results by a single observer. The QRS interval was measured
from the start of the Q-wave or in absence of the Q-wave,
from the start of the R-wave to the end of S, that is, to its
return to the isoelectric line. The measurement of the QT
interval was started from the onset of the QRS complex until
the end of the T-wave. A discrete U-wave after T- wave was
excluded from measurement. In the case of the fusion of
two waves, the U component was included. The biphasic
T-wave was defined as the T-wave with equal and opposite

amplitude. When this occurred the point at which the last
part of the wave crossed the isoelectric line was taken into
account. QT and QTc dispersion was calculated as the dif-
ference between the maximum and minimum QT and QTc
duration. The QTc duration was calculated using Bazett’s
formula [4]. Measuring from the peak of the T-wave to the
end of the T-wave provided the Tp-e interval, which was
defined as the intersection of the isoelectric line with the
tangent to the downslope of the T-wave in precordial leads
[5]. The Tp-e duration was calculated by measuring the dis-
tance between the two points in the isoelectric line. The
difference between the maximum and the minimum Tp-e
in the precordial leads was the Tp-e dispersion. Based on
these measurements, Tp-e, Tp-e dispersion and Tp-e/QT
ratio were calculated.

Statistical Analysis

The statistical package SPSS version 11.5 (SPSS Inc., Chi-
cago, IL, USA) was used for data analysis. Descriptive sta-
tistics are presented as mean + SD. Pearson and Chi-square
analyses were used to compare frequencies of findings. Inde-
pendent samples Student t test was used to compare continu-
ous variables in the obese group and the control group. A p
value <0.05 was considered statistically significant.

Results

The mean age was determined as 11.2 + 0 .3 years (median
12.9 years, range 2 months-18 years) in the patient group,
and 10.8 + 2.1 years (median 11.6 years, range 5 months
— 16 years) in the control group. 61.8% of the patients (n
= 65) were diagnosed between the ages of 10—18 years. No
statistically significant difference was determined between
the patient and control groups in respect of age, gender, and
blood pressure values. The heart rate was higher in patient
group. According to the clinical parameters, we found 51.4%
of cases to be asymptomatic and 48.5% of cases to be mild.
None of the patients to be in the moderate, severe and critical
cases during their illness. Also noted the cardiac Troponin
I, creatine kinase-myocardial band (CK-MB) and D-dimer
values were normal ranges in our patients with COVID-
19 infection. A pulse oximeter can measure normal oxy-
gen saturation levels in our cases. Mean WBC, neutrophil,
lymphocyte, and hemogram was normal. WBC was normal
(3.9-10.2 x 10°/L) in eighty four cases (84/105, 80.1%),
decreased (< 3.9 x 10°/L) in twelve cases (12/105, 11.4%),
and increased (> 10.2 x 10%/L) in nine cases (9/105, 8.5%).
CRP increased in 32 cases (32/105, 30.4%), noted within
their laboratory findings: mean CRP 9.9 + 18.2 (1.8-133)
mg/L. The demographic, clinical, and laboratory character-
istics of both groups are shown in Table 1.
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Table 1 The demographic, clinical, and laboratory characteristics of children’s COVID-19 cases and control groups

Characteristics COVID-19 group

Control group p value

Age, mean yr (interquartile range)

Sex, n (%)
Male 46 (43.8%)
Female 59 (56.2%)
Clinical presentation, n (%)
Asymptomatic 54 (51.4 %)
Mild 51 (48.5 %)
Moderate disease/severe illness -
Systolic blood pressure, mean, mmHg 104.5 + 10.9
Diastolic blood pressure, mean, mmHg 62.3 +7.03
Pulse saturation (mean, %) 97.3 +2.11
Heart rate, mean 89.7 + 23.7
Laboratory characteristics
Mean WBC x 10°/L 6.35+2.4
Mean neutrophil x 10%/L 339+19
Mean lymphocyte x 10%/L 224+ 1.5
Mean hemogram g/dL 13,6 +1.58
Mean platelets x 10%/L 266.3 + 74.0

Mean CRP, mg/L

11.2 + 0.3 (median 12.9 years, range 2
months-18 years)

9.9 +18.2(1.8-133)

10.8 + 2.1 (median 11.6 years, range 5 NS
months -16 years)

17 (42.5%) NS
23 (57.5%) NS
106.2 + 8.2 NS
65.1 +6.1 NS
97.5+ 1.21 NS
82.1 +13.2 0.03

Data are shown as mean + standard deviation for normally distributed variables; variables without normal distribution are shown as median,

minimum, and maximum

WBC white blood cell count, CRP C-reactive protein, NS non-significant

Baseline electrocardiograms were non-specific in a
patient group except sinus tachycardia. The minimum QT
and QTc minimum durations were found to be similar in the
two groups (p > 0.05). The duration of QT dispersion was
found to be significantly longer in the patient group (45.30 =
6.1) than in the control group (27.11 + 7.2; p < 0.01). QTc
dispersion duration was found to be significantly increased
in the patient group (36.30 + 14.7) compared with the con-
trol group (14.5 + 10.6; p < 0.01). Tpeak—end, Tpeak—end
dispersion value, T peak—end/QT and T peak—end/QTc ratio
in the patient group was significantly higher than control
group. The QTmin, QTmax, QTcmin, QTcmax, QTd, QTcd,
Tp-e, Tp-e dispersion, Tp-e/QT, and Tp-e/QTc ratio values
of both groups are shown in Table 2.

Discussion

In December 2019, a novel coronavirus was identified as the
cause of a cluster of pneumonia cases in Wuhan, a city in
the Hubei province of China. It spreads rapidly around the
World and the World Health Organization declared COVID-
19 a pandemic on March 11, 2020 [1, 6]. The symptoms
of COVID-19 are similar in children and adults. Fever and
cough are the most common reported symptoms in children

@ Springer

Table2 Comparison of the electrocardiographic parameters of the
groups

COVID-19 group Control group p value

QT minimum, ms 286 (268-309) 284 (270-321) NS

(range)

QT maximum, ms 330 (280-434) 312 (302-360) 0.03
(range)

QT dispersion, ms 4530 + 6.1 2711 +7.2 < 0.01

QTc minimum, ms 391 (360-455) 393 (365-442) NS

(range)
QTc maximum, ms 426 (390-460) 408 (384-446) 0.04
(range)
QTc dispersion, ms 36.30 + 14.7 14.5 + 10.6 <0.01
Tp-e, ms 78.82 +9.38 62.18+11.2 <0.01
Tp-e dispersion, ms 21.6+3.6 153 +3.1 <0.01
Tp-e/QT ratio 0.23 0.19 0.01
Tp-e/QTc ratio 0.18 0.15 0.01

Data are shown as mean + standard deviation for normally distributed
variables; variables without normal distribution are shown as median,
minimum, and maximum

NS non-significant

[7]. But COVID-19 appears to be milder in children than
in adults. Sinus tachycardia caused by hypoxia and fever is
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common in the course of the disease. Although COVID-19
clinical manifestations are mainly respiratory, acute myocar-
dial damage, arrhythmia and cardiogenic shock have been
observed in adult COVID-19 infection. Acute myocarditis,
as well as ventricular arrhythmias, might represent the first
clinical manifestation of COVID-19 infection [8, 9]. Also,
some drugs currently used to treat the COVID-19 are known
to prolong the QT interval and can have a proarrhythmic
propensity [3].

We investigated dispersion analysis in children with
COVID-19 in comparison with those of age- and gender-
matched control subjects. In the current study, QTd, QTcd,
Tp-e dispersion and Tp-e/QT and Tp-e/QTc ratio were
detected to be significantly greater in patients with COVID-
19 than in the control subjects.

The T-wave is indicative of ventricular repolarization.
It has been reported that trans-myocardial repolarization
parameters, which include Tp-e, Tp-e dispersion, QT inter-
val, QTc, QTc dispersion and the Tp-e/QT ratio, are associ-
ated with an increased risk of cardiac arrhythmia [10-12].
The normal range for QT and QTc dispersion are 40-50 ms
and 10-44 ms in adults, respectively [13, 14]. In a review,
Malik et al. [15] researched 51 studies in which QT disper-
sion was measured in 56 groups with a total of 8.455 healthy
subjects including three studies of healthy children, and they
showed that reported values of QT dispersion vary widely
range from 10.5 to 71 ms. However, sharp limits for the QT
and QTc interval dispersion are not seen for the pediatric
age in the literature. Tutar et al. [16] found QTd and QTcd
on average 29.9 and 47.3 ms, respectively in 174 pediatric
children with a mean age of 12 years. Similar to our study,
in a paper studying QT dispersion in pediatric cases with
subclinical hypothyroid, QT and QTc dispersion in the con-
trol group were found to be 18.5 and 39.8, respectively [17].
In a large healthy adult population (n = 1555), Macfarlane
et al. [18] reported that the upper limit of QT dispersion
was 40 ms. QT dispersion > 40 ms was found to have 88%
sensitivity and 57% specificity for prediction of the induc-
ibility of sustained VT during an another electrophysiology
study [19]. In our study, QT and QTc dispersion were found
as 45.30 + 6.1 and 36.30 + 14.7 ms, respectively, and they
were statistically higher than the control group.

The mechanism of cardiac injury and triggering arrhyth-
mias is unclear but the severe systemic and myocardial
inflammatory reaction seems to be one of the most plausi-
ble. Other proposed mechanisms of myocardial injury might
be related to ACE2 [20]. There are few published studies
about cardiac complications with COVID- 19 patients. They
observed that acute cardiac injury, shock, and arrhythmias
were present in 7.2%, 8.7%, and 16.7% of patients, respec-
tively. Arrhythmias are common in adult patients with
COVID-19 [8, 21, 22]. In another study, Hui et al. [23]
reported ECG findings in 17/41 patients, of whom three had

tachycardia with a higher prevalence in severe and critical
cases. Guo et al. [24] reported ventricular tachycardia/ven-
tricular fibrillation in 5.9% of patients with COVID-19 infec-
tion. In our study, no ventricular arrhythmia was recorded.

Another essential aspect to be discussed is about drugs
causing prolongation of qt interval since these drugs (e.g.
HCQ and azithromycin) recommended in the treatment of
pediatric COVID-19 infection. These drugs can induce QT
interval prolongation, an extremely rare but potentially fatal
side effect, due to the risk of induced polymorphic ventricu-
lar tachycardia [25-27]. Close monitoring of the patient is
required during the initiation and follow-up of these drugs,
which can lead to prolonged QT intervals. In our study, we
did not use these drugs in our patients.

Conclusion

We conclude that the ventricular repolarization was impaired
even in asymptomatic children with COVID-19 infection.
The risk of development of ventricular arrhythmia might be
increased in COVID-19 patients. A baseline ECG should
be performed in all COVID-19 positive children especially
planned to receive QT prolonging medications along with
serial monitoring. The patients with COVID-19 have a
change in repolarization characteristics but may be still in
normal range; thus, caution should be taken when prescrib-
ing QT prolonging medications.
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