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Abstract: The risk of cardiac involvement with electrophysiological abnormalities during COVID-
19 infection has been reported in adults but remains poorly studied in children. Our aim was to
determine the frequency of cardiac involvement and the necessity of routine cardiac evaluation in
children hospitalized for COVID-19. This observational study included 127 children, with a median
(IQR) age of 2 (0.83–6.0) years, who were hospitalized for COVID-19 between 1 January 2021 and
31 August 2022, 62 (48.8%) of whom were males. Each patient underwent an ECG on admission
and discharge as well as a laboratory assessment. A comparison between patients with COVID-19
and healthy controls showed significantly higher HR (p < 0.0001) and lower PR values (p = 0.02) in
the first group. No arrhythmias or other electrocardiographic abnormalities were detected during
hospitalization. The median levels of troponin, NT-proBNP, ferritin, and D-dimer were significantly
higher in children aged <2 years, but they fell within the normal range for their age. Our results
indicate that a detectable cardiac involvement is very rare in children hospitalized for COVID-19
and not suffering from Multisystem Inflammatory Syndrome in Children (MIS-C) and suggest that
routine electrocardiographic assessment is not mandatory in these patients in the absence of cardiac
symptoms/signs.
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1. Introduction

The 2019 novel coronavirus disease (COVID-19) outbreak was declared a public health
emergency of international concern by the World Health Organization (WHO) on 30 January
2020 and subsequently declared a pandemic on 11 March 2020 [1]. The COVID-19 pandemic
is the greatest health emergency in recent times. As the severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) virus is known to affect the respiratory tract, most countries
have had to take restrictive measures to contain its spread. The pediatric population seems
to be less affected by COVID-19 than adults and less at risk of severe disease. A systematic
review of pediatric patients affected by COVID-19 showed that most children infected
with SARS-CoV-2 had mild symptoms [2]. This can be explained by a more active innate
immune system, healthier airways, and fewer underlying disorders [3].

Clinical manifestations of COVID-19 in children vary from asymptomatic to severe
disease [2,4]. COVID-19 results in mild symptoms in most infected children, although
it can cause acute cardiac injury and death if pre-existing conditions exist [5]. The most
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prevalent comorbidities in COVID-19 patients include congenital or acquired cardiovascular
and pulmonary diseases, neurodevelopmental impairment, genetic syndromes, diabetes
mellitus, obesity, and hemoglobinopathies [6–8]. Infants (0–3 months) and teenagers were
found to be at risk for severe COVID-19 [2,8].

Symptomatic children usually present with fever, rhinitis, sore throat, cough and
shortness of breath, myalgia, abdominal pain, vomiting, and diarrhea. Severe COVID-19
in children is rare and may be generally associated with tachypnea, dyspnea, oxygen
saturation <92%, central cyanosis, impaired consciousness, seizures, sepsis, shock, or
multi-organ dysfunction [3,4].

Some studies have reported cardiovascular involvement with electrophysiological
abnormalities in adults [9–11], but there are relatively few published data regarding cardiac
manifestations in children with acute SARS-CoV-2 infection [12]. Several studies which
recruited college and professional athletes found myocarditis in mild or asymptomatic
forms [13–18].

The scientific literature has highlighted the role of Multisystem Inflammatory Syn-
drome in Children (MIS-C), where SARS-CoV-2 can indirectly lead to myocardial injury
owing to cytokine storm [19,20]. MIS-C is associated with ventricular dysfunction, coronary
artery aneurysms, and arrhythmias [21]. However, it is regarded as a distinct nosological
entity resulting from a delayed immune response to SARS-CoV-2 rather than from acute
viral damage [22–24]. Viral infection of cardiomyocytes has not yet been proven [25]. For
children and adolescents with severe COVID-19 symptoms requiring an ICU stay and
intubation, or for those with MIS-C, the American Academy of Pediatrics (AAP) recom-
mends refraining from exercise for 3–6 months and undergoing cardiac evaluation before
resuming training or competition [26,27].

The aim of the present study was to assess the cardiac involvement by means of
electrocardiography in a cohort of children hospitalized for COVID-19 and not suffering
from MIS-C. In addition, this study examined ECG parameters at admission and discharge
and subgroup differences based on COVID-19 severity, gender, and age.

2. Materials and Methods

A retrospective observational study was conducted recruiting COVID-19 patients
aged from 1 month to 15 years in an Italian university hospital between 1 January 2021 and
31 August 2022.

Patients’ data were obtained from medical records. For each patient, information on
gender, age, severity of illness, symptoms (fever, headache, abdominal pain, vomiting,
diarrhea, chest pain, cough, pharyngodynia, dyspnea, skin rash, rhinitis, and inappetence),
and body mass index (BMI z-score) was collected. The following laboratory parameters
were also assessed: C-reactive protein (CRP), procalcitonin (PCT), ferritin, troponin, N-
terminal pro-brain natriuretic peptide (NT-proBNP), D-dimer, and platelet count (PLT).
COVID-19 diagnosis was confirmed by a positive nasopharyngeal SARS-CoV-2 PCR test.

An ECG was performed on each patient at admission and at discharge as part of routine
care. ECGs were interpreted by an experienced pediatric cardiologist, who measured ECG
intervals (PR, QRS, and QTc) and defined whether the ECG was normal. Patients with
elevated cardiac markers (troponin and NT-proBNP) underwent echocardiography.

The severity of disease was graded in three levels: (a) mild (COVID-19-related symp-
toms), (b) moderate (moderately severe conditions), and (c) severe (potentially unstable
conditions) [28].

Autism, speech and language delay, growth retardation, hydrocephalus, epilepsy,
thalassemia major, and cerebral palsy were considered as comorbidities. Patients with
any history of known arrhythmias, long QT syndrome, or hemodynamically significant
congenital heart disease, and those affected by MIS-C diagnosed according to WHO case
definition [29], were excluded from analysis.

Some relevant demographic, clinical, and ECG variables (sex, BMI, BMI z-score, heart
rate, and ECG intervals) obtained from the cohort of COVID-19 patients were compared to
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those found in a group of healthy controls (HC), who had undergone routine cardiovascular
examinations in an outpatient pediatric cardiology setting, during the period January 2021
to August 2022. HC group selection criteria were as follows: age range (between 1 month
and 15 years) equal to that of the cases; no cardiac or other diseases; same recruitment
period (January 2021 to August 2022).

Statistical Analysis

Sample characteristics were summarized with descriptive statistics. Spearman corre-
lation coefficients were calculated to assess the relationships between ECG intervals and
laboratory parameters. Comparisons between two groups were performed using paired
and unpaired Student’s t-test or Mann–Whitney and Wilcoxon tests, whereas comparisons
between three groups were evaluated by one-way ANOVA or Kruskal–Wallis tests, as ap-
propriate. In the case of significant ANOVA or Kruskal–Wallis tests, post hoc comparisons
were performed using the Dunn test and Bonferroni correction. Statistical significance was
set at a p-value less than 0.05. All statistical computations were performed with STATA
version 17 software.

3. Results

One hundred twenty-seven Caucasian children hospitalized for COVID-19 were en-
rolled, sixty-two (48.8%) of whom were males (Table 1). The median (IQR) age at diagnosis
was 2 (0.83–6.0) years.

Table 1. Cohort characteristics.

Variables n = 127

Males, n (%) 62 (48.8)
Median (IQR) age at diagnosis, years 2 (0.83–6.0)
Median (IQR) BMI 16.6 (15.4–17.8)
Median (IQR) BMI z-scores 0.21 (−0.62; 0.74)
Median (IQR) length of stay, days 4 (3–6)
Median (IQR) time from positivity to ECG 0 (0–1)

COVID-19 symptoms
severity, n (%)

Mild 77 (60.6)
Moderate 38 (29.9)
Severe 12 (9.5)

Fever, n (%) 98 (77.1)
Headache, n (%) 2 (1.6)
Abdominal pain, n (%) 18 (14.2)
Sore throat, n (%) 12 (9.5)
Vomiting, n (%) 56 (44.1)
Diarrhea, n (%) 26 (20.6)
Chest pain, n (%) 7 (5.5)
Cough, n (%) 30 (23.6)
Dyspnea, n (%) 12 (9.5)
Rhinitis, n (%) 16 (12.6)
Inappetence, n (%) 29 (22.8)
Previous COVID-19 disease 14 (11.0)
Median (IQR) CRP mg/dL 1.3 (0.6–3.3)
Median (IQR) PCT ng/mL 0.19 (0.05–0.70)
Median (IQR) ferritin ng/mL 119 (72–215)
Median (IQR) troponin pg/mL 6.3 (4.6–10.0)
Median (IQR) NT-proBNP pg/mL 115 (55–316)
Median (IQR) D-dimer mg/L 0.58 (0.37–1.28)
Mean (SD) PLT ×103 µL 279 (92.2)
Comorbidity, n (%) 21 (16.5)
IV fluids, n (%) 88 (71.0)
Paracetamol, n (%) 52 (41.9)
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Table 1. Cont.

Variables n = 127

Azithromycin, n (%) 15 (12.1)
Amoxicillin, n (%) 32 (25.8)
Ceftriaxone, n (%) 22 (17.7)
Betamethasone/Methylprednisolone, n (%) 27 (21.8)
Omeprazole/pantoprazole, n (%) 11 (8.9)
Enoxaparin, n (%) 17 (13.6)
ASA 100 mg, n (%) 2 (1.6)
Gamma globulin, n (%) 2 (1.6)
Transfusion, n (%) 2 (1.6)
O2 therapy, n (%)
Echocardiography, n (%)

7 (5.7)
11 (8.7)

Chest X-ray, n (%) 14 (11.3)
Chest CT, n (%) 2 (1.6)

On admission, the diagnosis of COVID-19 was suspected on a clinical basis and then
confirmed by a positive nasopharyngeal SARS-CoV-2 PCR test. The median (IQR) length
of stay was 4 (3–6) days.

An ECG was carried out within 48 h of hospitalization, with a median (IQR) time
interval between positive SARS-CoV-2 PCR testing and ECG execution of 0 (0–1) days, and
a second one was performed on discharge.

Seventy-seven (60.6%), thirty-eight (29.9%), and twelve (9.5%) patients had mild,
moderate, and severe disease, respectively. The most prevalent symptoms were fever
(77.1%), vomiting (44.1%), cough (23.6%), diarrhea (20.6%), inappetence (22.8%), and
abdominal pain (14.2%). Overall, 21 (16.5%) patients showed comorbidities.

Elevated levels of troponin (range, 53–163 pg/mL) and/or proBNP (range,
125–2050 pg/mL) were found in 11 (8.7%) patients who underwent echocardiography
showing a structurally and functionally normal heart.

A chest X-ray was performed in only 11.3% of patients, due to a clinical suspicion
of pulmonary involvement. Most (71%) patients received IV fluids, while less than half
(41.9%) were treated with antipyretics. The use of antibiotics (azithromycin, amoxicillin,
and cephalosporins), corticosteroids, and oxygen therapy was restricted to the most severely
ill patients.

During hospitalization, ECG variables only showed a significant change in mean
(SD) HR, which decreased from 131 (34.3) bpm at admission to 118 (32.7) bpm at dis-
charge (p-value < 0.0001) (Table 2). No arrhythmias, ST segment changes, or other ECG
abnormalities were detected.

Table 2. ECG parameters at admission and discharge.

Variables Admission Discharge p-Value

Mean (SD) HR, bpm 131 (34.3) 118 (32.7) <0.0001
Median (IQR) PR, msec 110 (90–120) 110 (90–120) 0.66
Median (IQR) QRS, msec 70 (60–70) 70 (60–70) 0.18
Median (IQR) QTc, msec 400 (383–413) 400 (382–416) 0.58

The CRP value was found to be significantly higher in patients with moderate and
severe disease as compared to patients with mild disease (Table 3). On the other hand, the
degree of severity of COVID-19 did not significantly influence ECG parameters during
hospitalization (Table 3). There were no significant differences in any of the other variables.
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Table 3. Laboratory and electrocardiographic data in patients with mild, moderate, and severe
COVID-19.

Variables Mild (n = 77) Moderate (n = 38) Severe (n = 12) p-Value

Median (IQR) age 2.0 (0.8–4.0) 2.6 (0.8–7.0) 5 (2.5–6.5) 0.18
Median (IQR) CRP mg/dL 1 (0.5–2.0) 2.5 (0.9–6.7) 2.2 (1.1–4.2) 0.002 *
Median (IQR) PCT ng/mL 0.15 (0.02–0.54) 0.38 (0.10–1.14) 0.18 (0.02–0.74) 0.17
Median (IQR) ferritin ng/mL 109 (67–197) 154 (97–242) 119 (72–262) 0.23
Median (IQR) troponin pg/mL 6.5 (4.8–10.0) 6.2 (3.9–11.6) 6.3 (4.4–9.1) 0.91
Median (IQR) NT-proBNP pg/mL 107.5 (55–254) 172.5 (59–341) 159 (52–322) 0.54
Median (IQR) D-dimer mg/L 0.52 (0.40–0.90) 0.89 (0.34–5.47) 0.70 (0.30–4.23) 0.32
Median (IQR) PLT ×103 µL 281 (218–361) 263 (228–335) 234 (195–200) 0.13
At admission
Mean (SD) HR, bpm 132 (35.4) 131 (31.2) 128 (39.1) 0.94
Median (IQR) PR, msec 110 (90–120) 110 (100–120) 110 (100–120) 0.99
Mean (SD) QRS, msec 70 (8.6) 70 (12.2) 66 (9.2) 0.17
Mean (SD) QTc, msec 398 (20.4) 401 (17.2) 409 (23.6) 0.21
At discharge
Mean (SD) HR, bpm 117 (32.1) 117 (32.8) 128 (35.9) 0.61
Median (IQR) PR, msec 110 (90–120) 110 (100–120) 110 (80–120) 0.76
Mean (SD) QRS, msec 65 (8.2) 69 (13.1) 69 (9.4) 0.24
Mean (SD) QTc, msec 397 (20.4) 405 (21.2) 405 (20.0) 0.26

Post hoc analysis—multiple comparisons. * Mild vs. moderate p = 0.001. Abbreviations: SD, standard deviation;
IQR, interquartile range.

No differences in laboratory values were found between males and females, except for
serum ferritin, whose level was found to be higher in females (median: 149 ng/mL; IQR:
90–255) than in males (median: 90 ng/mL; IQR: 58–182) (Table 4).

Table 4. Laboratory and electrocardiographic data by gender.

Variables Female (n = 65) Male (n = 62) p-Value

Median (IQR) CRP mg/dL 1.5 (0.6–3.0) 1.1 (0.6–3.7) 0.70
Median (IQR) PCT ng/mL 0.2 (0.1–0.7) 0.2 (0.0–0.6) 0.44
Median (IQR) ferritin ng/mL 149 (90–255) 90 (58–182) 0.005
Median (IQR) troponin pg/mL 6.5 (4.8–10.5) 6.2 (4.4–9.0) 0.36
Median (IQR) NT-proBNP
pg/mL 136 (54–322) 110 (55–203) 0.40

Median (IQR) D-dimer mg/L 0.6 (0.4–1.1) 0.6 (0.3–1.4) 0.89
Mean (SD) PLT ×103 µL 273.3 (97.6) 285.6 (86.6) 0.45
At admission
Mean (SD) HR, bpm 132.4 (35.5) 129.7 (33.4) 0.66
Median (IQR) PR, msec 110 (90–120) 110 (100–120) 0.56
Median (IQR) QRS, msec 60 (60–70) 70 (60–70) 0.13
Mean (SD) QTc, msec 399.3 (20.6) 399.5 (19.4) 0.96
At discharge
Mean (SD) HR, bpm 122.1 (28.8) 114.7 (35.9) 0.30
Median (IQR) PR, msec 105 (90–120) 110 (100–120) 0.30
Median (IQR) QRS, msec 60 (60–70) 70 (60–80) 0.53
Mean (SD) QTc, msec 403.5 (21.0) 398.2 (20.3) 0.25

Abbreviations: SD, standard deviation; IQR, interquartile range.

Troponin levels were found to be significantly higher in children aged <2 years (me-
dian: 8.9 pg/mL; IQR: 6.2–17.0; p-value < 0.0001) than in older age groups (Table 5).
Similarly, children aged <2 years showed higher levels of ferritin (median: 163.5 ng/mL;
IQR: 81–290; p-value: 0.03), NT-proBNP (median: 233.5 pg/mL; IQR: 107–530; p-value:
0.0001), and D-dimer (median: 0.9 mg/L; IQR: 0.5–2.0; p-value: 0.001).
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Table 5. Laboratory and electrocardiographic data by age group.

Variables Age < 2 Years
(n = 55)

Age 2–5 Years
(n = 39)

Age ≥ 6 Years
(n = 33) p-Value

Median (IQR) CRP
mg/dL 1.0 (0.6–2.9) 1.7 (0.7–4.0) 1.4 (0.6–2.5) 0.66

Median (IQR) PCT
ng/mL 0.2 (0.1–0.6) 0.5 (0.1–1.7) 0.1 (0.0–0.2) 0.006 1

Median (IQR) ferritin
ng/mL 163.5 (81–290) 102 (73.0–153.5) 90 (49–170) 0.03

Median (IQR)
troponin pg/mL 8.9 (6.2–17.0) 5.4 (4.5–6.4) 5.4 (3.7–8.4) 0.0001 2

Median (IQR)
NT-proBNP pg/mL 233.5 (107–530) 115 (56.0–299.5) 52 (35–94) 0.0001 3

Median (IQR)
D-dimer mg/L 0.9 (0.5–2.0) 0.5 (0.3–0.8) 0.5 (0.3–1.2) 0.001 4

Median (IQR)
PLT ×103 µL 300 (229–373) 258 (213–346) 248 (221–291) 0.15

At admission
Mean (SD) HR, bpm 151.9 (27.7) 128.5 (27.3) 101.0 (27.2) <0.0001 5

Mean (IQR) PR, msec 97.6 (15.2) 111.7 (17.2) 122.7 (21.7) <0.0001 6

Mean (SD) QRS, msec 66.0 (10.2) 66.3 (9.4) 70.3 (9.8) 0.12
Mean (SD) QTc, msec 398.7 (21.1) 398.9 (19.0) 401.2 (19.6) 0.83
At discharge
Median (IQR) HR,
bpm

132.5
(117.5–150.0) 115 (98–140) 82 (68–100) 0.0001 7

Mean (SD) PR, msec 98.2 (17.5) 108.6 (16.1) 126.4 (22.4) <0.0001 8

Mean (SD) QRS, msec 63.8 (8.8) 67.7 (11.1) 72.7 (10.3) 0.005 9

Mean (SD) QTc, msec 396.4 (20.9) 404.7 (20.8) 404.9 (19.5) 0.19

Post hoc analysis—multiple comparisons. 1 2–5 years vs. ≥6 years p = 0.004. 2 <2 years vs. 2–5 years p = 0.0002;
<2 years vs. ≥6 years p = 0.0008. 3 <2 years vs. 2–5 years p < 0.0001. 4 <2 years vs. 2–5 years p = 0.001. 5 <2 years vs.
2–5 years p < 0.0001; <2 years vs. ≥6 years p < 0.0001; 2–5 years vs. ≥6 years p < 0.0001. 6 <2 years vs. 2–5 years
p = 0.001; <2 years vs. ≥6 years p < 0.0001. 7 <2 years vs. ≥6 years p < 0.0001. 8 <2 years vs. ≥6 years p < 0.0001;
2–5 years vs. ≥6 years p < 0.0001. 9 <2 years vs. ≥6 years p = 0.003. Abbreviations: SD, standard deviation; IQR,
interquartile range.

PR intervals were significantly longer in children aged ≥ 6 years, both at admission
(mean: 122.7 msec; SD: 21.7; p-value < 0.0001) and at discharge (mean: 126.4 msec; SD: 22.4;
p-value < 0.0001) (Table 5). QRS intervals were found to be significantly longer in children
aged ≥ 6 years at discharge (p-value = 0.005), but not at admission. The significance
values obtained from the comparisons between the three age groups for some parameters
(PCT, troponin, NT-proBNP, D-dimer, HR, and PR at admission, and HR, PR, and QRS at
discharge) are shown in the footnotes (1–9) in Table 5.

Negative correlations were found between the PR interval and the following variables:
troponin (rho: −0.39; p-value: 0.0001), NT-proBNP (rho: −0.45; p-value < 0.0001), PCT (rho:
−0.29; p-value: 0.003), and D-dimer (rho: −0.42; p-value < 0.0001) (Table 6).

Table 6. Spearman correlation coefficients for ECG intervals and laboratory parameters.

PR QRS QTc

Troponin −0.39; 0.0001 −0.18; 0.07 0.11; 0.27
NT-proBNP −0.45; <0.0001 −0.12; 0.22 −0.05; 0.65
PCR −0.04; 0.72 0.16; 0.10 0.03; 0.75
PCT −0.29; 0.003 −0.10; 0.30 0.02; 0.85
D-dimer −0.42; <0.0001 −0.06; 0.56 −0.03; 0.79
Ferritin −0.17; 0.09 −0.13; 0.19 −0.03; 0.73
PLT −0.05; 0.61 −0.06; 0.52 −0.07; 0.46

Data were reported as rho; p-value. Abbreviations: SD, standard deviation; IQR, interquartile range.
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Finally, demographic, clinical, and ECG variables obtained from the cohort of COVID-
19 patients were compared to those found in the HC group. The median (IQR) HR was
significantly higher in children with COVID-19 than in HCs (130 (105–155) bpm vs. 109
(87.5–125.0) bpm; p-value < 0.0001). Significant differences (p-value = 0.02) in PR were also
found between the two groups (Table 7).

Table 7. Comparison between COVID-19 cases and healthy controls.

Variables Cases (n = 127) Controls (n = 128) p-Value

Males, n (%) 62 (48.8) 64 (50.0) 0.85
Median (IQR) age 2 (0.8–6.0) 3 (0.7–7.5) 0.72
Median (IQR) BMI 16.6 (15.4–17.8) 16.1 (14.9–17.4) 0.10
Median (IQR) BMI z-score 0.2 (−0.6;0.7) −0.2 (−0.9;0.4) 0.01
Median (IQR) HR (bpm) 130 (105–155) 109 (87.5–125.0) <0.0001
Median (IQR) PR (msec) 110 (90–120) 115 (100–120) 0.02
Median (IQR) QRS (msec) 70 (60–70) 70 (60–80) 0.92
Mean (SD) QTc (msec) 399.4 (20.0) 403.9 (19.2) 0.07

Abbreviations: SD, standard deviation; IQR, interquartile range.

4. Discussion

COVID-19 is a multisystem illness not restricted to the lungs. The risk of severe
COVID-19 disease is lower in children than in adults [2], and there is limited data on
how acute SARS-CoV-2 infection affects the heart in children. This infection may have a
negative impact on the cardiovascular system by triggering myocardial damage, vascular
inflammation, plaque instability, and heart attack. The presence of myocardial injury is a
poor prognostic sign.

ECG is a simple bedside diagnostic tool with high prognostic value. It can be employed
to assess early cardiovascular involvement in such patients [30]. Various ECG abnormalities
such as ST-T changes, arrhythmias, and conduction defects have been reported in adult
patients and less commonly in children with COVID-19 [12,30].

Significant arrhythmias in COVID-19 pediatric patients are rare, although they occur
at a higher incidence than expected in the general pediatric population [12].

A recent retrospective study by Samuel et al. [12] found that 17% of patients had
significant arrhythmias, including ventricular tachycardia. These authors did not find an
increased risk of arrhythmias in patients with elevated troponin nor a significant association
between arrhythmias and the duration of symptoms or hospital stay. We aimed at finding
ECG abnormalities in children hospitalized for COVID-19 and not having MIS-C.

As reported by Heching et al. [31], we found no correlation between electrocardio-
graphic abnormalities and severity of COVID-19 in the study population. Moreover, we
observed that the median levels of troponin, NT-proBNP, ferritin, and D-dimer were sig-
nificantly higher in children aged <2 years, but they fell within the normal range for their
age [32].

In the present study, the only statistically significant difference between children with
COVID-19 and their healthy counterparts is represented by higher HR in the former. This
is likely to be caused by an increased temperature in those suffering from coronavirus
infection. In fact, HR significantly decreased at discharge compared with admission. In
a recent study on children attending urgent and emergency care settings, there was an
independent association between temperature and heart rate. The influence of temperature
on heart rate was age-dependent and ranged from 8.7 to 13.7 bpm increase (mean 12.3 bpm)
for a 1 ◦C temperature increase [33].

Regarding the specific ECG intervals, PR intervals were significantly longer in children
aged ≥6 years, both at admission and at discharge. This is consistent with the fact that
the PR tract in children increases with age [34]. PR intervals were shorter than in healthy
controls. This is discordant to the observations by Heching et al. [31] who found isolated
mild PR prolongation in a recent study enrolling non-hospitalized children with COVID-19.
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Strong negative relationships were found between PR interval and troponin, NT-proBNP,
PCT, and D-dimer. Explaining these correlations is challenging as there is a lack of literature
data on this subject, but PR tract length seems to be inversely related with the disease
severity. QRS interval was found to be significantly longer in children aged ≥6 years
at discharge, but not at admission. In a study carried out to assess the effect of the
severity of COVID-19 on electrocardiography, QRS enlargement was found in 14% of the
patients [35]. The detected slight QRS widening might be due to a subtle left ventricular
enlargement as a consequence of a mild cardiac involvement in this cohort of patients. This
is only a hypothesis, however. No repolarization abnormalities or QT interval changes
were detected.

Regarding echocardiography, in those patients with elevated proBNP and/or increased
troponin, the left ventricular ejection fraction was normal, and no wall motion abnormalities
were seen. However, more sophisticated tools, which are normally used for the purpose of
research and not in daily clinical practice, likely may have been able to show some subtle
abnormalities in terms of altered ventricular strain, as already proved in adult patients.
Speckle tracking echocardiography with its main examination techniques, e.g., left and
right longitudinal strain, represents a valid diagnostic tool to detect myocardial dysfunction,
even when the ejection fraction is within the normal range value. It showed its prognostic
potential in the acute phase of COVID-19 with changes in both the right and left ventricular
deformation parameters in adult patients hospitalized for COVID-19 [36].

The main limitations of this study include its retrospective observational design, the
relatively small number of study participants, and the involvement of a single center.

In conclusion, our results indicate that a detectable cardiac involvement is very rare
in children hospitalized for COVID-19 who do not have MIS-C and suggest that routine
electrocardiographic assessment is not mandatory in these patients in the absence of cardiac
symptoms/signs. This is an important observation especially in countries with limited
resources in terms of primary health care allocated funds.

Future, more extensive prospective studies are needed to shed further light on the
SARS-CoV-2 cardiac involvement in children.
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Abbreviations

BMI Body mass index
CRP C-reactive protein
HC Healthy controls
IQR Interquartile range
MIS-C Multisystem Inflammatory Syndrome in Children
NT-proBNP N-terminal pro-brain natriuretic peptide
PCT Procalcitonin
SD Standard deviation

References
1. World Health Organization. Director-General’s Opening Remarks at the Media Briefing on COVID-19—11 March 2020. Avail-

able online: https://www.who.int/director-general/speeches/detail/who-director-general-s-opening-remarks-at-the-media-
briefing-on-covid-19---11-march-2020 (accessed on 3 December 2023).

2. Castagnoli, R.; Votto, M.; Licari, A.; Brambilla, I.; Bruno, R.; Perlini, S.; Rovida, F.; Baldanti, F.; Marseglia, G.L. Severe Acute
Respiratory Syndrome Coronavirus 2 (SARS-CoV-2) Infection in Children and Adolescents: A Systematic Review. JAMA Pediatr.
2020, 174, 882–889. [CrossRef]

3. Cuppari, C.; Ceravolo, G.; Ceravolo, M.D.; Sestito, S.; Nicocia, G.; Chimenz, R.; Salpietro, C.; Calabrò, M.P. COVID-19 and cardiac
involvement in childhood: State of the art. J. Biol. Regul. Homeost. Agents 2020, 34, 121–125.

4. Dong, Y.; Mo, X.; Hu, Y.; Qi, X.; Jiang, F.; Jiang, Z.; Tong, S. Epidemiology of COVID-19 Among Children in China. Pediatrics 2020,
145, e20200702. [CrossRef]

5. Pinna, G.; Sanfilippo, L.; Bassareo, P.P.; Fanos, V.; Marcialis, M.A. COVID-19 and Comorbidities: Is Inflammation the Underlying
Condition in Children? A Narrative Review. Curr. Pediatr. Rev. 2021, 17, 38–44. [PubMed]

6. Wei, M.; Yuan, J.; Liu, Y.; Fu, T.; Yu, X.; Zhang, Z.J. Novel Coronavirus Infection in Hospitalized Infants Under 1 Year of Age in
China. JAMA 2020, 323, 1313–1314. [CrossRef] [PubMed]

7. Sabatino, J.; Ferrero, P.; Chessa, M.; Bianco, F.; Ciliberti, P.; Secinaro, A.; Oreto, L.; Avesani, M.; Bucciarelli, V.; Calcaterra, G.; et al.
COVID-19 and Congenital Heart Disease: Results from a Nationwide Survey. J. Clin. Med. 2020, 9, 1774. [CrossRef] [PubMed]

8. Graff, K.; Smith, C.; Silveira, L.; Jung, S.; Curran-Hays, S.; Jarjour, J.; Carpenter, L.; Pickard, K.; Mattiucci, M.; Fresia, J.; et al. Risk
Factors for Severe COVID-19 in Children. Pediatr. Infect. Dis. J. 2021, 40, e137–e145. [CrossRef] [PubMed]

9. Aghagoli, G.; Marin, B.G.; Soliman, L.B.; Sellke, F.W. Cardiac involvement in COVID-19 patients: Risk factors, predictors, and
complications: A review. J. Card. Surg. 2020, 35, 1302–1305. [CrossRef] [PubMed]

10. Kochav, S.M.; Coromilas, E.; Nalbandian, A.; Ranard, L.S.; Gupta, A.; Chung, M.K.; Gopinathannair, R.; Biviano, A.B.; Garan, H.;
Wan, E.Y. Cardiac arrhythmias in COVID-19 infection. Circ. Arrhythm. Electrophysiol. 2020, 13, e008719. [CrossRef] [PubMed]

11. Lakkireddy, D.R.; Chung, M.K.; Gopinathannair, R.; Patton, K.K.; Gluckman, T.J.; Turagam, M.; Cheung, J.W.; Patel, P.; Sotomonte,
J.; Lampert, R.; et al. Guidance for cardiac electrophysiology during the COVID-19 pandemic from the Heart Rhythm Society
COVID-19 Task Force; Electrophysiology Section of the American College of Cardiology; and the Electrocardiography and
Arrhythmias Committee of the Council on Clinical Cardiology, American Heart Association. Heart Rhythm 2020, 17, e233–e241.

12. Samuel, S.; Friedman, R.A.; Sharma, C.; Ganigara, M.; Mitchell, E.; Schleien, C.; Blaufox, A.D. Incidence of arrhythmias
and electrocardiographic abnormalities in symptomatic pediatric patients with PCR-positive SARS-CoV-2 infection, including
drug-induced changes in the corrected QT interval. Heart Rhythm 2020, 17, 1960–1966. [CrossRef]

13. Rajpal, S.; Tong, M.S.; Borchers, J.; Obarski, T.P.; Simonetti, O.P.; Daniels, C.J. Cardiovascular Magnetic Resonance Findings in
Competitive Athletes Recovering From COVID-19 Infection. JAMA Cardiol. 2021, 6, 116–118. [CrossRef]

14. Starekova, J.; Bluemke, D.A.; Bradham, W.S.; Eckhardt, L.L.; Grist, T.M.; Kusmirek, J.E.; Purtell, C.S.; Schiebler, M.L.; Reeder, S.B.
Evaluation for Myocarditis in Competitive Student Athletes Recovering from Coronavirus Disease 2019 with Cardiac Magnetic
Resonance Imaging. JAMA Cardiol. 2021, 6, 945–950. [CrossRef]

15. Clark, D.E.; Parikh, A.; Dendy, J.M.; Eckhardt, L.L.; Grist, T.M.; Kusmirek, J.E.; Purtell, C.S.; Schiebler, M.L.; Reeder, S.B. COVID-19
Myocardial Pathology Evaluation in Athletes with Cardiac Magnetic Resonance (COMPETE CMR). Circulation 2021, 143, 609–612,
Erratum in Circulation 2021, 143, e238.. [CrossRef] [PubMed]

16. Brito, D.; Meester, S.; Yanamala, N.; Patel, H.B.; Balcik, B.J.; Casaclang-Verzosa, G.; Seetharam, K.; Riveros, D.; Beto, R.J., 2nd;
Balla, S.; et al. High Prevalence of Pericardial Involvement in College Student Athletes Recovering From COVID-19. JACC
Cardiovasc. Imaging 2021, 14, 541–555. [CrossRef]

17. Moulson, N.; Petek, B.J.; Drezner, J.A.; Harmon, K.G.; Kliethermes, S.A.; Patel, M.R.; Baggish, A.L. SARS-CoV-2 Cardiac
Involvement in Young Competitive Athletes. Circulation 2021, 144, 256–266. [CrossRef]

18. Martinez, M.W.; Tucker, A.M.; Bloom, O.J.; Green, G.; DiFiori, J.P.; Solomon, G.; Phelan, D.; Kim, J.H.; Meeuwisse, W.; Sills,
A.K.; et al. Prevalence of Inflammatory Heart Disease Among Professional Athletes with Prior COVID-19 Infection Who Received
Systematic Return-to-Play Cardiac Screening. JAMA Cardiol. 2021, 6, 745–752. [CrossRef]

https://www.who.int/director-general/speeches/detail/who-director-general-s-opening-remarks-at-the-media-briefing-on-covid-19---11-march-2020
https://www.who.int/director-general/speeches/detail/who-director-general-s-opening-remarks-at-the-media-briefing-on-covid-19---11-march-2020
https://doi.org/10.1001/jamapediatrics.2020.1467
https://doi.org/10.1542/peds.2020-0702
https://www.ncbi.nlm.nih.gov/pubmed/33183207
https://doi.org/10.1001/jama.2020.2131
https://www.ncbi.nlm.nih.gov/pubmed/32058570
https://doi.org/10.3390/jcm9061774
https://www.ncbi.nlm.nih.gov/pubmed/32521643
https://doi.org/10.1097/INF.0000000000003043
https://www.ncbi.nlm.nih.gov/pubmed/33538539
https://doi.org/10.1111/jocs.14538
https://www.ncbi.nlm.nih.gov/pubmed/32306491
https://doi.org/10.1161/CIRCEP.120.008719
https://www.ncbi.nlm.nih.gov/pubmed/32434385
https://doi.org/10.1016/j.hrthm.2020.06.033
https://doi.org/10.1001/jamacardio.2020.4916
https://doi.org/10.1001/jamacardio.2020.7444
https://doi.org/10.1161/CIRCULATIONAHA.120.052573
https://www.ncbi.nlm.nih.gov/pubmed/33332151
https://doi.org/10.1016/j.jcmg.2020.10.023
https://doi.org/10.1161/CIRCULATIONAHA.121.054824
https://doi.org/10.1001/jamacardio.2021.0565


J. Cardiovasc. Dev. Dis. 2024, 11, 85 10 of 10

19. Valverde, I.; Singh, Y.; Sanchez-de-Toledo, J.; Theocharis, P.; Chikermane, A.; Di Filippo, S.; Kuciñska, B.; Mannarino, S.; Tamariz-
Martel, A.; Gutierrez-Larraya, F.; et al. Acute Cardiovascular Manifestations in 286 Children with Multisystem Inflammatory
Syndrome Associated with COVID-19 Infection in Europe. Circulation 2021, 143, 21–32. [CrossRef] [PubMed]

20. Godfred-Cato, S.; Bryant, B.; Leung, J.; Oster, M.E.; Conklin, L.; Abrams, J.; Roguski, K.; Wallace, B.; Prezzato, E.; Koumans,
E.H.; et al. COVID-19-Associated Multisystem Inflammatory Syndrome in Children—United States, March–July 2020. MMWR
Morb. Mortal. Wkly. Rep. 2020, 69, 1074–1080. Erratum in MMWR Morb. Mortal. Wkly. Rep. 2020, 69, 1229. [CrossRef]

21. Young, B.E.; Ong, S.W.X.; Kalimuddin, S.; Low, J.G.; Tan, S.Y.; Loh, J.; Ng, O.T.; Marimuthu, K.; Ang, L.W.; Mak, T.M.; et al.
Epidemiologic Features and Clinical Course of Patients Infected With SARS-CoV-2 in Singapore. JAMA 2020, 323, 1488–1494.
[CrossRef]

22. Diorio, C.; Henrickson, S.E.; Vella, L.A.; McNerney, K.O.; Chase, J.; Burudpakdee, C.; Lee, J.H.; Jasen, C.; Balamuth, F.; Barrett,
D.M.; et al. Multisystem inflammatory syndrome in children and COVID-19 are distinct presentations of SARS-CoV-2. J. Clin.
Invest. 2020, 130, 5967–5975. [CrossRef]

23. Gruber, C.N.; Patel, R.S.; Trachtman, R.; Lepow, L.; Amanat, F.; Krammer, F.; Wilson, K.M.; Onel, K.; Geanon, D.; Tuballes, K.; et al.
Mapping Systemic Inflammation and Antibody Responses in Multisystem Inflammatory Syndrome in Children (MIS-C). Cell
2023, 186, 3325. Erratum in Cell 2020, 183, 982–995.e14. [CrossRef]

24. Rostad, C.A.; Chahroudi, A.; Mantus, G.; Lapp, S.A.; Teherani, M.; Macoy, L.; Tarquinio, K.M.; Basu, R.K.; Kao, C.; Linam,
W.M.; et al. Quantitative SARS-CoV-2 Serology in Children with Multisystem Inflammatory Syndrome (MIS-C). Pediatrics 2020,
146, e2020018242. [CrossRef] [PubMed]

25. Fehr, A.R.; Perlman, S. Coronaviruses: An overview of their replication and pathogenesis. Methods Mol. Biol. 2015, 1282, 1–23.
26. American Academy of Pediatrics. COVID-19 Interim Guidance: Return to Sports and Physical Activity. 2019. Available online:

https://www.aap.org/en/pages/2019-novel-coronavirus-covid-19-infections/clinical-guidance/covid-19-interim-guidance-
return-to-sports/ (accessed on 10 August 2023).

27. Calcaterra, G.; Fanos, V.; Cataldi, L.; Cugusi, L.; Crisafulli, A.; Bassareo, P.P. Need for resuming sports and physical activity for
children and adolescents following COVID-19 infection. Sport Sci. Health 2022, 18, 1179–1185. [CrossRef]

28. World Health Organization. Available online: https://www.who.int/news-room/commentaries/detail/multisystem-
inflammatory-syndrome-in-children-and-adolescents-with-covid-19 (accessed on 15 December 2023).

29. Forrest, C.B.; Burrows, E.K.; Mejias, A.; Razzaghi, H.; Christakis, D.; Jhaveri, R.; Lee, G.M.; Pajor, N.M.; Rao, S.; Thacker,
D.; et al. Severity of Acute COVID-19 in Children < 18 Years Old March 2020 to December 2021. Pediatrics 2022, 149, e2021055765.
[PubMed]

30. Kaliyaperumal, D.; Bhargavi, K.; Ramaraju, K.; Nair, K.S.; Ramalingam, S.; Alagesan, M. Electrocardiographic Changes in
COVID-19 Patients: A Hospital-based Descriptive Study. Indian J. Crit. Care Med. 2022, 26, 43–48. [CrossRef] [PubMed]

31. Heching, H.J.; Goyal, A.; Harvey, B.; Malloy-Walton, L.; Follansbee, C.; Mcintosh, A.; Forsha, D. Electrocardiographic changes in
non-hospitalised children with COVID-19. Cardiol. Young 2022, 32, 1910–1916. [CrossRef]

32. Hirsch, R.; Landt, Y.; Porter, S.; Canter, C.E.; Jaffe, A.S.; Ladenson, J.H.; Grant, J.W.; Landt, M. Cardiac troponin I in pediatrics:
Normal values and potential use in the assessment of cardiac injury. J. Pediatr. 1997, 130, 872–877. [CrossRef]

33. Heal, C.; Harvey, A.; Brown, S.; Rowland, A.G.; Roland, D. The association between temperature, heart rate, and respiratory rate
in children aged under 16 years attending urgent and emergency care settings. Eur. J. Emerg. Med. 2022, 29, 413–416. [CrossRef]

34. Dickinson, D.F. The normal ECG in childhood and adolescence. Heart 2005, 91, 1626–1630. [CrossRef] [PubMed]
35. Barman, H.A.; Atici, A.; Alici, G.; Sit, O.; Tugrul, S.; Gungor, B.; Okuyan, E.; Sahin, I. The effect of the severity COVID-19 infection

on electrocardiography. Am. J. Emerg. Med. 2021, 46, 317–322. [CrossRef] [PubMed]
36. Kersten, J.; Schellenberg, J.; Jerg, A.; Kirsten, J.; Persch, H.; Liu, Y.; Steinacker, J.M. Strain Echocardiography in Acute COVID-19

and Post-COVID Syndrome: More than Just a Snapshot. Biomedicines 2023, 11, 1236. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1161/CIRCULATIONAHA.120.050065
https://www.ncbi.nlm.nih.gov/pubmed/33166189
https://doi.org/10.15585/mmwr.mm6932e2
https://doi.org/10.1001/jama.2020.3204
https://doi.org/10.1172/JCI140970
https://doi.org/10.1016/j.cell.2023.06.012
https://doi.org/10.1542/peds.2020-018242
https://www.ncbi.nlm.nih.gov/pubmed/32879033
https://www.aap.org/en/pages/2019-novel-coronavirus-covid-19-infections/clinical-guidance/covid-19-interim-guidance-return-to-sports/
https://www.aap.org/en/pages/2019-novel-coronavirus-covid-19-infections/clinical-guidance/covid-19-interim-guidance-return-to-sports/
https://doi.org/10.1007/s11332-022-00930-3
https://www.who.int/news-room/commentaries/detail/multisystem-inflammatory-syndrome-in-children-and-adolescents-with-covid-19
https://www.who.int/news-room/commentaries/detail/multisystem-inflammatory-syndrome-in-children-and-adolescents-with-covid-19
https://www.ncbi.nlm.nih.gov/pubmed/35322270
https://doi.org/10.5005/jp-journals-10071-24045
https://www.ncbi.nlm.nih.gov/pubmed/35110843
https://doi.org/10.1017/S1047951121005138
https://doi.org/10.1016/S0022-3476(97)70271-3
https://doi.org/10.1097/MEJ.0000000000000951
https://doi.org/10.1136/hrt.2004.057307
https://www.ncbi.nlm.nih.gov/pubmed/16287757
https://doi.org/10.1016/j.ajem.2020.10.005
https://www.ncbi.nlm.nih.gov/pubmed/33059987
https://doi.org/10.3390/biomedicines11041236
https://www.ncbi.nlm.nih.gov/pubmed/37189854

	Introduction 
	Materials and Methods 
	Results 
	Discussion 
	References

