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 Abstract 

Objective: To determine the prevalence of myocarditis in the pediatric patients with 
heart failure and to estimate the correlation between myocarditis and the demographic 
and clinical variables. Study Design: Descriptive cross-sectional study. Place and 
Duration of the Study: This study was conducted in the Department of Pediatric 
Medicine, Peoples University of Medical & Health Sciences for Women (PUMHS-W), 
Nawabshah, over a period of three months following approval of the synopsis. 
Methodology: Non-probability consecutive sampling was used to enroll 95 pediatric 
patients who presented with heart failure and were aged between 1-15 years. The age, 
gender, the length of time of symptoms, weight, living status, the level of education of 
parents, the clinical signs and the signs were documented. Myocarditis was confirmed 
according to the clinical presentation, electrocardiographic changes, high cardiac levels 
of troponin and echocardiographic findings of left ventricle dysfunction. The analysis of 
data was done through the use of SPSS version 25.0. Descriptive statistics were done 
and post-stratification chi-square or fisher exact test was used. A p-value ≤ 0.05 was 
deemed to be significant. Results: The patients were diagnosed with myocarditis in 69 
(72.6%). There was a strong correlation between myocarditis and the male gender, 
older age, the rural population, uneducated parents and being overweight (p < 0.001). 
Most cases of myocarditis were characterized by tachycardia, tachypnea, T-wave 
inversion, elevated levels of troponin and left ventricular ejection fraction ≤35% were 
the norm. Conclusion: Myocarditis is a frequent cause of pediatric heart failure, 
especially in males, older children and in rural and socioeconomically disadvantaged 
children. Early diagnosis by simple clinical examination and investigations that are 
easily accessible can help in better outcomes. 
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INTRODUCTION 
Heart failure in children is a major public health 
concern and represents a frequent cause of 
hospitalization, morbidity and mortality worldwide. In 
contrast to adult heart failure, which is in most cases 
chronic and progressive, the pediatric heart failure 
usually has acute onset and is connected with a variety 
of etiologies such as congenital heart disease, 
cardiomyopathies, infection, metabolic disorders and 
systemic diseases. The prevalence of cardiac heart failure 

among children is again higher in low-income and the 
middle-income nations, as there is limited access to 
specialized care and early diagnosis of heart failure leads 
to worse outcomes [1,2]. 
Myocarditis is one of the most significant and reversible 
conditions of pediatric heart failure. Myocarditis can be 
described as inflammatory pathology of the myocardium 
that is accompanied by inflammatory cell infiltration 
and myocyte necrosis and dysfunction. The most 
commonly implicated cause is the viral infections, 
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specifically the enteroviruses, adenovirus, parvovirus 
B19 or influenza although immune-mediated, 
hypersensitivity and toxic etiologies have also been 
documented [3,4]. This inflammatory condition can 
lead to damaged contractility of myocardial cells, 
dilation of the ventricles, arrhythmia and the 
development of acute or chronic heart failure. 
The clinical manifestation of myocarditis in children is 
both extremely diverse and largely unspecific, with mild 
signs of a cold and cardiac death. Infants and younger 
children often report with a feeding difficulty, excessive 
sweating, tachypnea and lethargy but older children 
might report chest pain, palpitations and exercise 
intolerance [5]. Such a broad range of presentation can 
frequently be poorly recognized, misdiagnosed or 
underdiagnosed especially in resource-constrained 
environments. 
The estimation of the actual incidence of myocarditis 
among the pediatric population is difficult because it 
has a fluctuating course and no standard of the criteria 
of diagnosis. It is postulated by hospital-based research 
that myocarditis is the cause of about 0.02%-0.05% of 
all pediatric hospital admissions but this percentage is 
probably underestimated [6]. Myocarditis has been 
reported to be the background cause in 30-45% of 
children with acute heart failure in various studies 
across regions and internationally. Male dominance has 
been reported especially beyond the age of seven, which 
may be associated with the immunological sex 
disparities [7]. 
Following innovations in supportive care, myocarditis 
remains linked to a high level of morbidity and 
mortality. The death rates are influenced by the severity 
of the disease and the clinical presentation, with less 
than 5% and more than 30% being the mortality of 
mild and severe cases of fulminant myocarditis, 
respectively [8]. Dilated cardiomyopathy, chronic heart 
failure and life-threatening arrhythmias can be long-
term complications of the survivor and it is essential to 
diagnose the illness as soon as possible and provide 
proper treatment. 
Diagnosis of myocarditis in children is complicated, 
especially in the conditions where the advanced 
diagnostic modalities are not easily accessible. They 
include endomyocardial biopsy which is invasive and 
not used in normal clinical practice despite being the 
gold standard. Cardiac magnetic resonance imaging has 
become a useful noninvasive diagnostic technique but it 
is not available in most developing nations [9]. The 
diagnosis of myocarditis is often based on a set of 
clinical characteristics, electrocardiographic changes and 

a set of cardiac biomarkers (troponin), as well as 
echocardiography signs of ventricular dysfunction [10]. 
Common electrocardiographic abnormalities in 
pediatric myocarditis are sinus tachycardia, ST-segment 
and T-wave defects and arrhythmias, whereas 
echocardiography can evidence decreased left 
ventricular ejection fraction, ventricular dilation and 
systolic dysfunction [11]. Cardiac troponin levels are 
useful in identifying myocardial injury, disease severity 
and prognosis due to their high concentration.  
Limited data is available on the occurrence and clinical 
presentation of myocarditis in patients of pediatric heart 
failure in Pakistan. The majority of existing literature is 
based in the developed nations and epidemiological 
patterns in the region may vary because of the 
differences in the prevalence of the infectious diseases, 
access to healthcare and socioeconomic conditions. The 
absence of local data constrains a possibility of clinicians 
to adequately evaluate the disease burden, predict the 
outcomes and develop a set of standard management 
procedures that suit the local population [12]. The 
frequency of myocarditis in children with heart failure is 
vital information to understand in order to enhance the 
vigilance in diagnosing, improve the use of resources 
and ultimately the morbidity and mortality. The aim of 
the current study is to identify the prevalence of 
myocarditis in children presenting with heart failure in 
a tertiary care hospital. 
MATERIAL AND METHODS 
This will be a descriptive cross-sectional research study 
done to establish the prevalence of myocarditis in 
children who present with heart failure. The research 
will be conducted within the Department of Pediatric 
Medicine at Peoples University of medical and health 
sciences Women (PUMHS-W), Nawabshah, this is a 
tertiary care teaching hospital serving a huge population 
of pediatrics. 
The study period shall be three months after the official 
approval of the synopsis by Research and Evaluation 
Unit. 
The study will include a sample size of 95 pediatric 
patients. Based on published literature, the sample size 
has been obtained by taking a 95% confidence level, 
margin of error at 10% and an expected myocarditis 
frequency among the patients with pediatric heart 
failure of 43.33%. 
The sampling method will be non-probability 
consecutive, where all the eligible patients that will be 
available during the study period would be enrolled 
until the necessary sample size is obtained. 
The study will include pediatric patients (male and 
female) aged 1-15 years of age with the heart failure 
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presentation as per the operational definition and the 
duration of the symptoms does not exceed 24 hours. 
The patients will be not included in the study in case of 
chronic kidney disease (serum creatinine above 1.5 
mg/dl), cardiothoracic surgery history, coronary artery 
bypass grafting, acute pulmonary embolism, coronary 
artery anomalies, congenital heart disease, chronic 
bacteriological sepsis and chronic primitive arrhythmias. 
Congestive heart failure will be diagnosed with two or 
more symptoms with one of them being excessive 
sweating at room temperature and bluish on fingers, 
nose or tongue and labored breathing and 2 or more 
clinical manifestations of the disease such as tachycardia 
(heart rate exceeding 2 standard deviations of age), 
tachypnea based on age-related cutoffs, pedal edema and 
hepatomegaly. It will be diagnosed as myocarditis, based 
on sinus tachycardia, T-wave inversion on the 
electrocardiogram, cardiac troponin T or I of >0.1 
ng/ml and left ventricular ejection fraction of 35 or less 
on echocardiogram. 
Pediatric patients who visit the Emergency Department 
of Pediatric Medicine at PUMHS-W, Nawabshah, who 
meet the inclusion criteria will be recruited after giving 
their consent to the study, which will be obtained in 
writing and their names will be kept confidential. All 
patients will have attendants who will be informed 
about the importance of giving informed consent. There 
will be demographic data such as age, gender, time of 
symptoms, weight, education level of a parent and place 
of living. After the first stabilization, a consultant 
cardiologist with more than three years of post-

fellowship experience will perform electrocardiography, 
bedside echocardiography. Myocarditis will be detected 
or not with the help of a pre-designed proforma. 
Statistical package of social science (SPSS 26.0) will be 
used to enter and analyze the data. The test of normality 
of continuous variables will be based on the Shapiro-
Wilk test. Quantitative variables will be measured using 
a mean and standard deviation or median and 
interquartile range whereas frequencies and percentages 
will be measured in qualitative variables. Post-
stratification will be used to control the effect modifiers 
which include age, gender, weight, duration of 
symptoms, clinical manifestations, parental education 
status and residential status. P-value below 0.05 will be 
regarded as statistically significant. 
RESULTS 
This study involved 95 pediatric patients who came to 
the hospital with heart failure. The average age of the 
participants was 7.79 ± 4.33 years ranging from 1-15 
years. Among them, 29 (30.5%) patients were between 
1-5 years old, 33 (34.7%) years were between 6-10 years 
old and 33 (34.7%) years were between 11-15 years old. 
It was male dominated as there were 55 (57.9%) males 
and 40 (42.1%) females. The majority of patients lived 
in the rural regions (63.2%) and 36.8% lived in the 
cities. In terms of parental education, 55.8% mothers 
were uneducated and 52.6% were uneducated. Mean 
duration of symptoms was 14.21 ± 5.24 hours and the 
mean weight of the patients was 24.59 ± 8.85 kg (Table 
1). 

Table 1:  Demographic and Baseline Characteristics of Pediatric Heart Failure Patients (n = 95) 
Variable Category n (%) 
Age (years) Mean ± SD 7.79 ± 4.33 

Age group 
1–5 years 29 (30.5) 
6–10 years 33 (34.7) 
11–15 years 33 (34.7) 

Gender 
Male 55 (57.9) 
Female 40 (42.1) 

Residence 
Rural 60 (63.2) 
Urban 35 (36.8) 

Mother education 
Uneducated 53 (55.8) 
Educated 42 (44.2) 

Father education 
Uneducated 50 (52.6) 
Educated 45 (47.4) 

Duration of symptoms (hours) Mean ± SD 14.21 ± 5.24 
Weight (kg) Mean ± SD 24.59 ± 8.85 
Frequency of Myocarditis and Clinical Profile 
Myocarditis was detected in 69 (72.6%) pediatric heart 
failure patients and 26 (27.4%) patients were without 
myocarditis. T-wave inversions on ECG, cardiac 
troponin levels (>0.1 ng/ml) and left ventricular 

ejection fraction ≤ 35% on echocardiography all were 
found in all cases of myocarditis (72.6% of the total 
cohort). 
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Concerning clinical symptoms, all myocarditis patients 
had tachycardia and tachypnea. Pedal edema appeared 
in 54 (56.8%) and hepatomegaly was observed in 69 
(72.6%) patients. All the patients reported labored 

breathing among symptoms, 54 (56.8%) patients 
displayed bluish discoloration and 27 (28.4) patients 
featured excessive sweating (Table 2). 

Table 2:  Frequency and Clinical Profile of Myocarditis Among Pediatric Heart Failure Patients (n = 95) 
Variable Category n (%) 

Myocarditis 
Present 69 (72.6) 
Absent 26 (27.4) 

ECG finding T-wave inversion present 69 (72.6) 
Cardiac biomarker Troponin T/I >0.1 ng/ml 69 (72.6) 
Echocardiography LVEF ≤35% 69 (72.6) 

Clinical signs 

Tachycardia 69 (72.6) 
Tachypnea 69 (72.6) 
Pedal edema 54 (56.8) 
Hepatomegaly 69 (72.6) 

Symptoms 
Excessive sweating 27 (28.4) 
Bluish discoloration 54 (56.8) 
Labored breathing 95 (100.0) 

Note: Values are presented as frequency and percentage. 
Association of Myocarditis with Demographic and 
Clinical Variables 
Myocarditis was found to have statistically significant 
relationship with gender, whereby myocarditis was more 
common in males (71.0%) in comparison to females 
(29.0%) (p < 0.001). Age also linked significantly with 
myocarditis where the frequency was highest in the 11-
15 years group (43.5%), then 6-10 years (34.8%) and 1-5 
years (21.7%) (p < 0.001). 
The residence was also significantly related to 
myocarditis with 76.8% of myocarditis patients at rural 
location and 23.2% at urban location (p < 0.001). 

Education of parents showed notable connections. 
Myocarditis was relatively higher in patients whose 
mothers (71.0%) and fathers (65.2%) were not educated 
as opposed to those with educated parents (p < 0.001 in 
both). 
Myocarditis was also strongly related to weight. Most of 
the patients with myocarditis (60.9%) were overweight 
(more than 25 kg) but none of the patients without 
myocarditis fell in this weight (p < 0.001). The patients 
who did not have myocarditis were more likely to report 
lower weight groups (Table 3). 

Table 3: Association of Myocarditis with Demographic and Clinical Variables (Post-Stratification Analysis) 

Variable Category 
Myocarditis Present 
n (%) 

Myocarditis Absent 
n (%) 

p-value 

Gender 
Male 49 (71.0) 6 (23.1) <0.001 
Female 20 (29.0) 20 (76.9)  

Age group (years) 
1–5 15 (21.7) 14 (53.8) <0.001 
6–10 24 (34.8) 9 (34.6)  
11–15 30 (43.5) 0 (0.0)  

Residence 
Rural 53 (76.8) 7 (26.9) <0.001 
Urban 16 (23.2) 19 (73.1)  

Mother education 
Uneducated 49 (71.0) 4 (15.4) <0.001 
Educated 20 (29.0) 22 (84.6)  

Father education 
Uneducated 45 (65.2) 5 (19.2) <0.001 
Educated 24 (34.8) 21 (80.8)  

Weight group (kg) 
≤15 6 (8.7) 15 (57.7) <0.001 
16–25 21 (30.4) 11 (42.3)  
>25 42 (60.9) 0 (0.0)  

DISCUSSION 
This study evaluated the frequency of myocarditis 
among pediatric patients presenting with heart failure 
and identified associated demographic and clinical 

factors. These results demonstrate that myocarditis is a 
significant cause of cardiac morbidity in children with 
heart failure (72.6%), which is the primary cause of 
cardiac morbidity in pediatric tertiary care units. A 
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higher proportion has been reported as compared to 
many other estimates of myocarditis being found in the 
past that have been hospital-based with a point of 30-
45% of pediatric cases of heart failure [1-3]. The 
increased frequency of the current study could be due to 
the delay in presentation, bias regarding referral to a 
tertiary center and the increased prevalence of 
infectious etiologies in resource-limited populations 
[4,5]. 
There was also a substantial correlation between 
myocarditis and male gender with 71.0% of the cases of 
myocarditis being male. This observation is in line with 
the available literature which indicates that pediatric 
myocarditis is predominantly male especially in older 
children [6,7]. The differences in the immune response 
and hormonal modulation, based on sex, have been 
suggested as one of the factors that might explain this 
gap [8]. The statistically significant correlation in this 
study (p < 0.001) supports the rationale to use increased 
clinical suspicion of myocarditis in male pediatric 
patients with heart failure. 
Age was also significantly related with myocarditis. The 
oldest group of 11-15 years had the highest frequency of 
43.5% then 6-10 years (34.8%) and the other age group 
of children were in low numbers. The current findings 
are similar to previous reports in which older children 
and adolescents exhibited greater levels of myocarditis-
associated cardiac dysfunction [9,10]. This tendency 
could be connected to a higher risk of being exposed to 
viral infections, higher level of physical activity and 
prolonged latency of symptoms in children. 
Residential status proved to be one of the important 
determinants with 76.8% of myocarditis cases, being 
rural-based. This observation highlights the 
contribution of socioeconomic and access differences to 
healthcare disparities in disease presentation and 
outcome. Diffusion of early medical services, late 
referrals and lack of awareness of cardiac symptoms 
among rural populations could be involved in the 
deterioration of disease at presentations [11]. The 
statistical association in this study is strong (p < 0.001) 
shows the necessity of the improved system of pediatric 
cardiac screening and referral in the rural areas. 
Myocarditis was strongly linked with parental education. 
Myocarditis was more prevalent among children whose 
mothers and fathers were uneducated (71.0% and 
65.2%, respectively). Education of parents is directly 
related with the health seeking behavior, recognition of 
disease and treatment compliance [12]. These results 
indicate that educational deprivation of parents might 
be a cause of late manifestation and high disease stages 
and the role of health education programs at 

community level. There were good associations between 
clinical signs and diagnostic parameters and 
myocarditis. All myocarditis cases had tachycardia and 
tachypnea and pedal edema (56.8%) and hepatomegaly 
(72.6%) were common as well. The results are 
consistent with current diagnostic criteria and clinical 
definition of pediatric myocarditis, in which congestive 
heart failure is the prevailing manifestation [13]. The 
existence of tachycardia and tachypnea in all patients of 
myocarditis is the marker of the acuteness of myocardial 
dysfunction at the arrival. 
Myocarditis cases had similar electrocardiographic, 
biochemical and echocardiographic results. All patients 
with myocarditis had T-wave inversion, increased 
troponin levels and left ventricular ejection fraction ≤ 
35% of myocardial. These results endorse the diagnostic 
potential of easily accessible studies in resource-
restrained areas, in which sophisticated imaging 
techniques like cardiac magnetic resonance imaging 
cannot be accessible [14]. The statistical correlations 
found in this paper support the importance of these 
parameters to early diagnosis of myocarditis in heart 
failure patients with children. Weight also had a 
significant relationship with myocarditis where 60.9% 
of the patients that had myocarditis weighed above 25 
kg and none of the non-myocarditis patients fell in this 
category. Independent sample t-tests revealed that 
myocarditis patients exhibited much higher mean age 
and mean weight than no myocarditis (p < 0.001 in 
both cases). These results indicate that children of older 
ages and higher weight could be more symptomatic with 
more significant myocardial involvement, which has 
been established in the literature before [15,16]. There 
was no significant difference between myocarditis and 
non-myocarditis groups with regard to the periods of 
symptoms, meaning that symptoms duration alone 
might not be a reliable differentiator of myocarditis and 
other causes of heart failure in children. 
This study was carried out in one tertiary care center, 
which can be a limitation to the generalization of the 
results. The cross-sectional design does not allow 
evaluation of long-term results. High-tech forms of 
diagnosis like cardiac magnetic resonance imaging and 
endomyocardial biopsy were not applied. 
CONCLUSION 
This study conducted found myocarditis to be a 
common cause of pediatric heart failure especially in 
males, older patients and in rural background patients 
because of low parental education. Myocarditis was 
strongly connected with clinical manifestations and 
ECG changes, increased cardiac biomarkers and 
decreased left ventricular activity. 
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