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Abstract
Children with COVID-19 usually show milder symptoms than adults; however, a minority of them may have cardiac involve-
ment. We aimed to identify the role of troponin I levels that may predict early cardiac involvement in children with COVID-
19. A single-center retrospective study was conducted to evaluate hospitalized children diagnosed with COVID-19 between 
March 11, 2020, and December 31, 2021. Patients with available troponin I levels and with no known cardiac disease were 
included. During the study period, 412 children with COVID-19 who had troponin I levels on admission were identified. 
Troponin levels were elevated in 7 (1.7%) patients and were normal in 395 (98.3%) patients. The median age of patients with 
elevated troponin levels was 4 (min. 2–max. 144) months, which was statistically lower than the age of patients with normal 
troponin levels (P = 0.035). All the patients with elevated troponin levels had tachycardia. Out of 7 patients with high troponin 
levels, 3 (42.9%) of them were admitted to the pediatric intensive care unit (PICU), 2 (28.6%) required oxygen support, and 
1 (14.3%) required a mechanical ventilator. Patients with elevated troponin levels had a statistically longer hospital stay 
(P < 0.001). Neutropenia, tachycardia, PICU admission, oxygen support, and mechanical ventilation were statistically more 
common in patients with elevated troponin levels (P values were 0.033, 0.020, < 0.001, 0.050, and < 0.001, respectively). 
Electrocardiography (ECG) and echocardiography (ECHO) were performed on all patients with elevated troponin levels, 
and 6 (85.8%) patients were diagnosed with myocarditis. The ECG and ECHO have been performed in 58 (14.3%) out of 
405 patients with normal troponin levels. Two (3.5%) patients had negative T waves on ECG, and all ECHOs were normal. 
Our results suggest that elevated troponin I levels in children with COVID-19 can be used to evaluate cardiac involvement 
and decide the need for further pediatric cardiologist evaluation.
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Introduction

Coronavirus disease 2019 (COVID-19) has caused a global 
pandemic resulting in more than 5.600.000 deaths world-
wide [1]. The main clinical manifestation of COVID-19 is 
pneumonia; however, it can also cause extrapulmonary find-
ings, including cardiovascular disorders [2]. Recent studies 
about the cardiac manifestations of COVID-19 primarily 
focused on adults and reported that myocardial injury is a 
common finding and associated with disease severity and 
mortality [2, 3]. Cardiac troponin value is a highly sensitive 

and specific marker of myocardial damage [4]. Several 
studies showed that elevated troponin was associated with 
mortality, and the early measurement of cardiac troponin 
can be useful for risk classification in adult patients with 
COVID-19 [2–5].

COVID-19 can be asymptomatic in children, and they 
usually have a milder disease than adults; thus, it was 
thought COVID-19 did not cause a significant health prob-
lem in children [6]. However, COVID-19 rarely can cause 
cardiac disorders in children during acute infection or the 
resulting multisystem inflammatory syndrome in children 
(MIS-C) [7]. There are limited studies in the literature on 
the use of troponin levels and the potential role in predicting 
the cardiac involvement of COVID-19 in children [8–10]. 
In addition, when to have a consultation for a cardiology 
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specialist is not clear, and the previous studies reported an 
increased workload of the pediatric cardiology department 
[11–13].

Despite the adult studies, the role of troponin levels on 
myocardial function is not well established in children with 
COVID-19. Therefore, we aimed to evaluate the demo-
graphic, clinical, and laboratory findings of COVID-19 in 
children and determine the role of troponin I levels in pre-
dicting cardiac involvement and prognosis, in addition to the 
impact on the decision of cardiology consultation.

Materials and Methods

Study Design and Study Population

A single-center retrospective study was conducted between 
March 11, 2020, and December 31, 2021, at Dr. Behcet Uz 
Child Disease and Pediatric Surgery Training and Research 
Hospital. It is a referral center for pediatric patients in the 
Aegean region of Turkey. COVID-19 was diagnosed accord-
ing to the Turkey Ministry of Health COVID-19 Guideline 
and confirmed cases defined as the cases in which SARS-
CoV-2 was detected by molecular methods from naso-
pharyngeal and oropharyngeal swab specimens [14].

All hospitalized patients aged between 1 month and 18 
year old with a positive SARS-CoV-2 real-time reverse tran-
scriptional polymerase chain reaction (RT-PCR) were evalu-
ated. The patients were retrospectively identified through 
the medical records. Children with a known specific cardiac 
disease, diagnosed as MIS-C, and who had any available 
troponin I level on admission were excluded. The scheme 
of the study design is shown in Fig. 1. A clinical scoring 
system was used to identify clinical classifications of illness 
severity in confirmed COVID-19 patients [15]. Tachycardia 

was defined as the presence of a heart rate value higher than 
expected for age [16].

In our center, a three-tiered clinical classification was 
used for the clinical diagnosis of myocarditis in children 
[17]. And also, we used revised Lake Louis criteria for 
patients whose cardiac magnetic resonance imaging (MRI) 
could be performed to diagnose myocarditis [18].

Data Collection

A standardized form was used to collect epidemiological data, 
laboratory findings, and patient's clinical symptoms and ill-
ness severity. Laboratory analysis on admission, including car-
diac troponin I, white blood cell (WBC), absolute neutrophil 
count (ANC), absolute lymphocyte count (ALC), hemoglobin 
(Hb), platelet count (PLT), and C-reactive protein (CRP), val-
ues were also recorded. Thrombocytopenia was defined as a 
blood platelet count < 150 ×  109/L, neutropenia was defined as 
absolute neutrophil count < 1.5 ×  109/L, and lymphopenia was 
defined as absolute lymphocyte count < 1.5 ×  109/L. Elevated 
CRP levels defined as CRP > 0.5 mg/dL.

The normal range of troponin I levels in our center is 
002–0.06 ng/mL. A pediatric cardiologist evaluated all patients 
with elevated troponin I levels, and electrocardiography (ECG) 
and transthoracic echocardiography (ECHO) were performed. 
The patients were classified into two groups according to tro-
ponin levels: elevated troponin I levels and normal troponin 
I levels.

Statistical Analysis

The descriptive statistical analysis was performed using SPSS 
statistical software (version 22; SPSS, Chicago, IL, USA). 
Data were expressed as means ± standard deviation (SD) or 
medians (interquartile range) for continuous variables or per-
centages for categorical variables. The categorical variables 
are expressed as number (n) and percentage (%). The Student’s 
t test was used to compare continuous parametric variables, the 
Mann–Whitney U test was used to compare continuous non-
parametric variables, and categorical variables were compared 
using Pearson χ2 or Fisher’s exact tests. A P value ≤ 0.05 was 
considered statistically significant.

This study was approved by the Local Ethical Committee 
of Dr. Behcet Uz Children's Training and Research Hospital 
(Decision No: 2022105).

Results

The study groups consisted of 412 patients with con-
firmed COVID-19 cases. The median age was 72 months 
(1–214 months), and 51% (n = 210) were male. Three hun-
dred twenty-three (78.4%) patients were previously healthy, 

Fig. 1  Scheme of the study design
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and the most common underlying disease in COVID-19 
patients was obesity (n = 26, %29.2), followed by hemato-
logical-oncological malignancy (n = 15, 16.8%) and neuro-
logic disease (n = 10, 11.2%). When patients were classified 
according to the clinical severity of the disease, 47 (11.4%) 
patients were asymptomatic, 309 (75%) mild, 40 (9.7%) 
moderate, 12 (2.9%) severe, and 4 (1%) critically ill in 
COVID-19 patients. Out of 412 patients, 14 (3.4%) patients 
required oxygen support, and 3 (0.7%) patients' respiratory 
support. No patient died, but 13 (3.2%) patients were admit-
ted to the pediatric intensive care unit (PICU). Table 1 sum-
marizes the demographic and clinical characteristics of the 
study population.

Among the hospitalized patients with COVID-19, 108 
(26.2%) had neutropenia, 83 (20.1%) had lymphopenia, 40 
(9.7%) had thrombocytopenia, and 145 (35.7%) had elevated 
CRP levels. Table 2 summarizes the laboratory characteris-
tics of the study population.

Troponin I levels were elevated in 7 (1.7%) patients 
and were in the normal range in 405 patients (98.3%). The 
median age of patients with elevated troponin was 4 (min. 
2–max. 144) months, and the median age of patients with 
normal troponin I levels was 84 (min. 1-max. 214) months. 
The median age of the patients with elevated troponin I lev-
els was statistically lower than patients with normal troponin 
I levels (P < 0.035). When considering gender, no statisti-
cal difference among the groups was noted (P = 1.000). 
Three (42.9%) patients were mild, 2 (28.6%) were moder-
ate, 1 (14.3%) was severe, and 1 (14.3%) was critical in the 
elevated troponin I levels group. In the normal troponin I 
levels group, 47 (11.6%) patients were asymptomatic, 306 
(75.6%) were mild, 38 (9.4%) were moderate, 11 (2.7%) 
were severe, and 3 (0.7%) were critical. The rate of patients 
with an underlying disease was not different between the 
groups (P = 1.000). The length of hospital stay was found to 
be statistically longer (13 days, 4–56 days) in patients with 
elevated troponin I levels than patients with normal troponin 
I levels (4 days, 1–55 days) (P < 0.001).

All the patients with elevated troponin I levels had tachy-
cardia. Out of 7 patients with elevated troponin levels, 3 
(42.9%) of them were admitted to PICU, 2 (28.6%) required 
oxygen support, and 1 (14.3%) required mechanical ventila-
tor support. Of the patients with normal troponin I levels, 94 
(23.2%) had tachycardia, 10 (2.5%) of them were admitted 
to PICU, 12 (3%) required oxygen support, and 2 (0.5%) 
required mechanical ventilator support. Tachycardia, PICU 
admission, oxygen support, and mechanical ventilation 
requirement were statistically more common in the patients 
with elevated troponin I levels (P values were 0.020, < 0.001, 
0.050, and < 0.001, respectively). Table 3 summarizes the 
demographic, clinical, and laboratory characteristics of the 
patient groups.

Among the patients, 79 (19.5%) patients had neutropenia, 
108 (26.7%) had lymphopenia, 40 (9.9%) had thrombocyto-
penia, and 144 (35.6%) had elevated CRP levels in normal 
troponin I levels. However, in patients with elevated troponin 
I levels, 4 (57.1%) patients had neutropenia, 1 (14.3%) had 
elevated CRP levels, and no patients had lymphopenia or 
thrombocytopenia. The proportion of neutropenia as signifi-
cantly higher in the patients with elevated troponin I levels 
(P = 0.033). The proportion of lymphopenia, thrombocyto-
penia, and high CRP level rates was not statistically different 
between the groups (P values were 0.197, 1.000, and 0.429, 
respectively). Table 3 summarizes the patient groups' demo-
graphic, clinical, and laboratory characteristics.

Table 1  Demographic and clinical characteristics of the patients

PICU pediatric intensive care unit, ECHO echocardiography, ECMO 
extracorporeal membrane oxygenation

COVID-19 
patients 
(n = 412)

Age, months, median (range) 72 (1–214)
Age distribution, n, (%)
 < 1 year 93 (22.6)
 1–< 6 years 115 (27.9)
 6–< 10 years 45 (10.9)
 10–< 15 years 113 (27.4)
 ≥ 15 years 46 (11.2)

Gender, male,  n, (%) 210 (51)
Underlying diseases,  n, (%)
 Previously healthy 323 (78.4)
 Endocrine disorder 31 (34.9)
 Hematologic-oncologic malignancy 15 (16.9)
 Neurologic disease 10 (11.2)
 Chronic pulmonary disease 10 (11.2)
 Rheumatologic disease 5 (5.6)
 Primary immune deficiency 4 (4.5)
 Gastrointestinal disease 3 (3.4)
 Others 11 (12.3)

Clinical classifications of illness severity, n, (%)
 Asymptomatic 47 (11.4)
 Mild 309 (75)
 Moderate 40 (9.7)
 Severe 12 (2.9)
 Critical 4 (1)

The total length of hospital stay, days, median (range) 4 (1–56)
Tachycardia,  n, (%) 101 (24.5)
ECHO,  n, (%) 65 (15.8)
Oxygen support,  n, (%) 14 (3.4)
PICU admission,  n, (%) 13 (3.2)
Mechanical ventilator,  n, (%) 3 (0.7)
ECMO,  n, (%) 1 (0.2)
Mortality,  n, (%) 0 (0)
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The ECG and ECHO were performed on all patients with 
elevated troponin I levels, and 6 (85.8%) were diagnosed 
with myocarditis. Table 4 summarizes the demographic and 
clinical characteristics of the patients diagnosed with myo-
carditis. The ECG and ECHO have been performed in 58 

(14.3%) patients with normal troponin I levels. Two (3.5%) 
patients had negative T waves (in 1 patient, negative T waves 
in V4-V5 and the other patient in V1–V6) in ECG, and all 
of the ECHO were normal. Regarding the ECG and ECHO 
findings, no myocarditis involvement of COVID-19 infection 
was observed in the patient group with normal troponin I. 
Figure 2 shows the flow chart of troponin I levels of children 
hospitalized with COVID-19, and Fig. 3 shows the troponin 
I levels of children diagnosed with myocarditis.

Discussion

In this study, we evaluated 412 pediatric patients with 
COVID-19 and their troponin I levels. Troponin I levels 
were elevated in 7 (1.7%) patients, and six (85.8%) of them, 
the ECG and ECHO were compatible with myocarditis. In 
405 (98.3%) patients, troponin I levels were normal, ECG 
and ECHO were performed 58 (14.3%) of them. All ECHOs 
were normal in patients with normal troponin I levels, and 
only 2 (3.5%) patients had abnormal ECGs. Our study sug-
gests that elevated troponin I levels in children with COVID-
19 are usually associated with myocarditis and should be 
evaluated by a pediatric cardiologist for further evaluation. 
In other words, in the patients with normal troponin I values 

Table 2  Laboratory characteristics of the patients

WBC white blood cell, ANC absolute neutrophil count, ALC absolute 
lymphocyte count, Hb hemoglobin PLT platelet count, CRP C-reac-
tive protein

Laboratory findings COVID-19 patients (n = 412)

WBC median (range)/109/L 6.4 (1.5–47.4)
ANC median (range)/109/L 2.8 (0.1–14.8)
ALC median (range)/109/L 2.0 (0.3–14.6)
Hb median (range), g/dL 12.2 (7.3–17.9)
PLT median (range)/109/L 259 (14–634)
CRP median (range), mg/dL 0.2 (0.02–22.4)
Troponin I median (range), ng/mL 0.001 (0.001–2.929)
Lymphopenia  n, (%) 108 (26.2)
Neutropenia,  n, (%) 83 (20.1)
Thrombocytopenia,  n, (%) 40 (9.7)
Elevated troponin I levels,  n, (%) 7 (1.7)
Elevated CRP levels,  n, (%) 145 (35.2)

Table 3  The demographic, 
clinical, and laboratory 
characteristics of the patient 
groups

PICU pediatric intensive care unit, ECHO transthoracic echocardiography, ECG electrocardiography, CRP 
C-reactive protein

Normal troponin 
I levels (n = 405, 
98.3%)

Elevated troponin I 
levels (n = 7, 1.7%)

P value

Age, months, median (range) 84 (1–214) 4 (2–144) 0.035
Gender, male,  n, (%) 206 (50.9) 4 (57.1) 1.000
Underlying diseases,  n, (%) 88 (21.7) 1 (14.3) 1.000
Clinical classifications of illness severity,  n, (%)
 Asymptomatic 47 (11.6) 0 (0) 1.000
 Mild 306 (75.6) 3 (42.9) 0.069
 Moderate 38 (9.4) 2 (28.6) 0.141
 Severe 11 (2.7) 1 (14.3) 0.188
 Critical 3 (0.7) 1 (14.3) N/A

The length of hospital stay, days, median (range) 4 (1–55) 13 (4–56)  < 0.001
Tachycardia,  n, (%) 94 (23.2) 7 (100)  < 0.001
PICU admission,  n, (%) 10 (2.5) 3 (42.5) 0.001
Mechanical ventilator,  n, (%) 2 (0.5) 1 (14.3) 0.050
Oxygen support,  n, (%) 12 (3) 2 (28.6) 0.020
ECG and ECHO,  n, (%) 58 (14.3) 7 (100)
 Normal 58 (100) 6 (85.8)
 Myocarditis 0 (0) 1 (14.2)

Neutropenia,  n, (%) (< 1.5 ×  109/L) 79 (19.5) 4 (57.1) 0.033
Lymphopenia  n, (%) (< 1.5 ×  109/L) 108 (26.7) 0 (0) 0.197
Thrombocytopenia,  n, (%) (< 150 ×  109/L) 40 (9.9) 0 (0) 1.000
Elevated CRP levels,  n, (%) 144 (35.6) 1 (14.3) 0.429
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without any hypotension and tachycardia, pediatric cardiol-
ogy consultation is not required.

COVID-19 presents primarily with pulmonary dis-
ease; however, especially in adults, a significant portion of 
patients have cardiac involvement [2–4]. Like adults, chil-
dren can have cardiac involvements such as arrhythmia, 
myocarditis, and cardiogenic shock with MIS-C associated 
with SARS-CoV-2 infection [7, 8]. The pathogenesis of the 
cardiac damage of COVID-19 is not clear in children. The 
reported causes of cardiac damage are increased cytokines 
and immune-inflammatory response, invasion of cardiomyo-
cytes with SARS-CoV-2, lung failure, and hypoxia leading 
to oxidative stress and damage in cardiomyocytes [9, 19].

Acute myocarditis (AM) is defined as inflammation of the 
myocardium and can be a complication of acute viral infec-
tions [20]. Yoldas et al. [21] evaluated children with elevated 
troponin levels. They reported the most common pathologies 
in cardiac etiology were myopericarditis and perimyocardi-
tis and can be diagnosed by history, physical examination, 

ECG, and ECHO. Vukomanovic et al. [20] evaluated 24 
children with acute myocarditis. Seven of them were diag-
nosed with SARS-CoV-2 related acute myocarditis, and the 
others were unrelated to SARS-CoV-2. Patients with acute 
myocarditis related to SARS-CoV-2 had a higher CRP value 
and N-terminal pro B-type natriuretic peptide (NT-proBNP) 
levels; they had lower serum cardiac troponin I levels and 
platelets. In our study, 14.3% of the patients with elevated 
troponin levels also had elevated CRP levels.

In adult patients with COVID-19, increases in cardiac 
troponin levels indicate a myocardial injury and are associ-
ated with adverse outcomes such as arrhythmias and death 
[3]. Recent reports showed that the mortality rate was higher 
in patients with elevated cardiac troponin I levels in adults 
patients [22, 23]. There was no death in our study group with 
or without elevated troponin levels. The rate of PICU admis-
sion, oxygen support, and mechanical ventilation support 
requirement was higher in patients with elevated troponin 
I levels. Dweck et al. [24] reported that out of 1216 adult 

Fig. 2  Flow chart of troponin I 
levels of children hospitalized 
with COVID-19

Fig. 3  Troponin I levels of children diagnosed with myocarditis
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patients diagnosed with COVID-19, 55% of patients had an 
abnormal echocardiogram. They reported left and right ven-
tricular abnormalities were 39% and 33%, respectively, with 
evidence of new myocardial infarction in 3%, myocarditis in 
3%, and takotsubo cardiomyopathy in 2%.

Cardiac involvement associated with MIS-C has been 
commonly reported, but the characteristics of cardiac 
involvement in children with SARS-CoV-2 infection have 
not been well described. Fremed et al. [25] evaluated 80 
pediatric patients and excluded MIS-C and chronic heart 
disease patients, like our study. They reported that high-
sensitivity troponin T and/or NT-proBNP were measured 
in 34% of patients, and abnormalities were present in 19%, 
all of whom had underlying comorbidities. ECG abnormali-
ties were identified in 37%, ECHO was performed on 7/80 
patients, and none demonstrated left ventricular dysfunc-
tion. Respiratory support was required in all patients with 
elevated cardiac biomarkers. In our study, troponin I levels 
were elevated in 1.7% of patients, and 85.8% of the ECG and 
ECHO were compatible with myocarditis. In contrast to this 
report, only one patient with elevated troponin had an under-
lying disease and required mechanical ventilation. Ramoglu 
et al. [10] evaluated 214 pediatric patients, and troponin T 
levels were elevated in 15 (7%) patients. Troponin T positiv-
ity was significantly higher in patients under 12 months, and 
CRP levels were elevated in 46.7% of patients with troponin 
positivity. Similar to this study, in our study, the median age 
(4 months) of the patients with elevated troponin I levels was 
under 12 months and statistically younger than patients with 
normal troponin levels. Contrary to our study, they reported 
that ECHO evaluation of all patients with troponin positivity 
was normal, and there were no ECG changes except sinus 
tachycardia in one patient with fever.

Güllü et al. [8] evaluated 320 pediatric patients, and 
five were diagnosed with MIS-C. They reported that car-
diac markers (NT-proBNP and troponin I), especially NT-
proBNP, could be used to detect early diagnosis of car-
diac involvement and/or MIS-C in pediatric patients with 
COVID-19. Cantarutti et al. [7] evaluated 294 children with 
active or previous SARS-COV-2 infection for the cardiac 
manifestation of SARS-COV-2 infection. Out of 248 patients 
without MIS-C, 2% had elevated troponin T levels, 18% had 
ECG anomalies, and 5% had ECHO anomalies. The rate of 
elevated troponin levels was similar to our study. During the 
COVID-19 pandemic, an increase in cardiologist consulta-
tion was reported in adults [13]. In children with COVID-19, 
a pediatric cardiologist consultation is frequently requested, 
and ECHO is performed due to concern for cardiac involve-
ment. However, pediatric cardiologist consultation and 
ECHO performance can be reduced by using troponin I lev-
els as a simple laboratory test.

This study had limitations, including its retrospective 
nature and lack of the advantages of randomized control 

studies. It was a single-center study, and limited numbers 
of patients were analyzed. In addition, we evaluated tro-
ponin levels at the time of admission, and they might be 
changed during the illness. In addition, we only included 
the patients who were evaluated with ECHO in the normal 
troponin I group in the final analysis. However, our study 
gives information about using troponin levels to determine 
the requirement of further cardiac evaluation by a pediatric 
cardiologist.

In conclusion, the analysis of troponin is a simple labora-
tory test and can provide important information on cardiac 
involvement. This study showed that elevated troponin levels 
with tachycardia are associated with myocarditis. We sug-
gest that elevated troponin I levels in children with COVID-
19 can be used to evaluate cardiac involvement and decide 
the need for further pediatric cardiologist evaluation. In 
other words, in the patients with normal troponin I values 
without any hypotension and tachycardia, pediatric cardiol-
ogy consultation is not required.
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