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Abstract
Myocarditis in children and adolescents is an inflammatory 

myocardial disease with a heterogeneous presentation 
ranging from oligosymptomatic, with no impaired ejection 
fraction to catastrophic clinical presentation with cardiogenic 
shock (fulminant myocarditis) or sudden death. Thus, this 
condition remains a major challenge from the diagnostic and 
therapeutic points of view. Despite the different etiologies 
listed, the most frequent form may be related to viral 
diseases, and new forms of myocarditis, such allergic ones 
(eosinophilic and use of medications, particularly cancer 
immunotherapy), have been currently described. Increasing 
the rate of suspicion is crucial. Measurement of serum levels 
of troponin and N-terminal B-type natriuretic peptide, as well 
as the use of advanced methods of cardiac imaging, such as 
strain echocardiogram, positron emission tomography, and 
cardiac magnetic resonance, are integral part of multimodal 
assessment in suspected patients. Although endomyocardial 
biopsy remains is still the gold standard for disease diagnosis, 
currently it tends to be performed in specific situations, such 
as fulminant clinical presentation and chronic or recurrent 
myocarditis. The  management of this condition includes 
general supportive care, treatment of heart failure, control 
of arrhythmias when present, assessment of mechanical 
support and cardiac transplantation. Treatments based 
on immunosuppression and immunotherapy are still 
controversial. In this article, we propose a broad review of 
diagnostic and treatment methods, as well as the different 
etiologies in the pediatric population. 

Introduction
Myocarditis represents a heterogeneous group of 

myocardial inflammatory diseases in terms of etiology, 
inflammatory response, clinical course, and response to 
treatment. Additionally, it shows high morbidity and mortality 
rates in the pediatric population1 and is considered the most 
common cause of heart failure (HF) in previously healthy 
children.1,2 Furthermore, its clinical presentation has a spectrum 
of signs and symptoms ranging from oligosymptomatic cases 
to cardiogenic shock and sudden death, which represents a 
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diagnostic challenge in pediatrics.3 Dilated cardiomyopathy 
(DCM), a severe complication of myocarditis, is a common 
cause of heart transplantation in childhood.1,2,4

This article aims to present the advances in the field of 
diagnosis and treatment, in order to propose an algorithm to 
aid pediatricians, family physicians, and pediatric cardiologists 
in approaching patients with myocarditis. 

Definition
Myocarditis is characterized by myocardial inflammation 

associated with a process of myocyte degeneration and 
necrosis, may be focal or diffuse, and may cause cardiac 
dysfunction and/or arrhythmias.1 In 1995, myocarditis 
was classified as an inflammatory cardiomyopathy by 
the World Health Organization, and its diagnosis is 
established based on histopathological, immunological 
and immunohistochemical criteria. Moreover, infectious 
causes, toxic agents, autoimmune and autoinflammatory 
conditions, allergic reactions, or idiopathic causes may be 
involved,5 thus characterizing the heterogeneous nature 
of the disease.

Epidemiology
The incidence and prevalence of myocarditis are difficult 

to determine, due to its varied clinical presentation.1,6,7 
A population-based registry study conducted by Arola et al.8 
in Finland observed an incidence of myocarditis of 1.95:100 
000 people/year (considering children and adolescents from 
0 to 15 year old).

Despite its rarity, myocarditis is significant,3 since most 
patients require admission at intensive care unit, as well 
and ventilatory and circulatory supports.6 This condition 
is responsible for 0.5 cases for each 10 000 consultations 
in pediatric emergency;1 however, the actual frequency is 
probably higher than that reported, due to undiagnosed or 
asymptomatic cases.8

In international studies not including Latin American 
countries, the age distribution of disease diagnosis is bimodal, 
with a peak in the first year of life and another at 16 years of 
age. In adolescents, the disease is more frequent in the male 
sex (81%) than in the female.8,9 Also according to the work 
performed by Arola et al.,8 the incidence of myocarditis among 
male adolescents may be as high as 18.1:100 000 people/
year. This increased incidence among male adolescents may 
be justified by the presence of testosterone.

Although outcome is favorable in nearly 50% of patients, 
morbidity and mortality rates remain significant. Sequelae 
and chronic evolution occur in approximately 30% of the 
cases, with 80% of cases of chronic cardiomyopathy leading 
to cardiac transplantation or death.5 An autopsy study with 
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pediatric patients observed that 2% of deaths were caused 
by myocarditis.10 In a recent autopsy pediatric study, 1.8% 
of patients had histological evidence compatible with 
myocarditis; of these, 57% had sudden death and 54% were 
younger than 1 year of age.11

Myocarditis accounts for 30% to 35% of children with 
a phenotype of DCM in registers from Australia and North 
America and for 22% of new-onset left ventricular dysfunction 
in the United Kingdom.12-14

Myocarditis in children is associated with higher rates of HF, 
hospitalization, length of stay at intensive care unit, and use of 
inotropic support at the time of diagnosis compared to children 
with idiopathic DCM. A recent study of hospitalized patients 
in the United States showed that almost a half of patients 
required inotropic support, 37.5% required mechanical 
ventilation, and 7.4% required extracorporeal membrane 
oxygenation (ECMO) support.15,16

Mortality at the acute phase ranges from 7 to 15% of the 
cases, and myocarditis is an important cause of DCM and 
cardiac transplantation in children without congenital heart 
disease, which account for 80% of the cases.6

Pathophysiology
Although the pathogenesis of myocarditis will depend 

on its etiology, much of our understanding on the disease is 
based on experimental models of guinea pigs infected with 
coxsackievirus.17 In viral myocarditis, the existence of three 
phases has been proposed. Initially, there is a period of viral 
replication, leading to acute myocyte injury and consequently 
evolving to DCM, which is associated with changes in the 
extracellular matrix of the myocardial tissue.1

Etiology
A wide spectrum of infectious and immunomediated 

causes, as well as hypersensitivity to medications, drugs, 
and toxins, are involved in the etiology of myocarditis.1,18-20 
Most  cases in the pediatric population are caused by viral 
infections, mainly with adenovirus, cytomegalovirus, Epstein-
Barr virus, and enterovirus, the main of which being coxsackie 
virus type B. However, with the emergence of new diagnostic 
modalities, other pathogens were also detected, including 
polymerase chain reaction (PCR) and endomyocardial biopsy 
(EMB), parvovirus B19, human herpes virus 6, in several 
patients with myocarditis confirmed by biopsy in European 
studies.18 Arboviruses, such as Chikungunya, dengue, and Zika 
virus, may also be involved.21 Recently, cases of myocarditis 
due to H1N1 infection were documented.1 

Thus, infectious exposures, especially to viruses, are 
responsible for most cases of pediatric myocarditis in Canada 
and in the United States;19 whereas the most common cause 
of this condition worldwide is Trypanosoma cruzi. It is worth 
emphasizing that, in Latin America, chagasic myocarditis may 
affect children and adolescents in endemic areas and, due 
to migration, patients from these areas may be diagnosed in 
North America, Europe, and Asia.5,19

Currently, in view of the pandemic caused by the 
coronavirus disease 2019 (COVID-1), cases of myocarditis 

related to the severe acute respiratory syndrome virus  2 
(SARS-CoV-2) have been described.22,23 In pediatrics, 
myocarditis has shown to be related to cases of multi-systemic 
inflammatory syndrome and associated with clinical signs of 
Kawasaki disease.22 In this cases, troponin elevation is one of 
main markers of myocardial involvement.23,24 Dolhnikof et 
al.25 showed the presence of particles of SARS-CoV-2 in the 
myocardial tissue through an electronic microscopic study 
and detection of viral RNA with reverse transcriptase PCR 
(RT‑PCR). Multisystem inflammatory syndrome in children 
occurs some weeks after SARS-CoV-2 infection; therefore, 
patients may present with signs of acute HF and negative 
RT‑PCR for SARS-CoV-2, associated with a significant elevation 
of troponin levels and inflammatory markers.26

Autoimmune myocarditis may be an isolated condition, 
such as in giant cell eosinophilic myocarditis and, or be part 
of a systemic disease, such as systemic lupus eritematosus, 
Sjögren syndrome, vasculitis, and polymyositis.27 In scenarios 
of autoimmune myocarditis, there is lymphocytic infiltrate, 
suggesting important participation of T cells.27 Simpson 
et al.28 showed evidence of autoimmune mechanism 
in children with clinical picture of myocarditis through 
the presence of significant elevation of human cardiac 
anti‑myosin antibodies.28

In addition to chemotherapy and radiation therapy used 
in the treatment of childhood cancer, new therapies with 
immunotherapy – checkpoint inhibitors – characterize 
potential risks for cardiac toxicity and are related to cases 
of myocarditis.29-31 These patients should receive special 
attention, because they may initially present with normal 
echocardiogram, and more complex diagnostic methods are 
needed to confirm myocardial inflammation.31 The Table 1 
shows the different causes of myocarditis.

Clinical presentation
The diagnosis of pediatric myocarditis remains a 

challenge, due to its varied clinical presentation, which 
ranges from asymptomatic patients with only subtle 
findings on electrocardiogram (ECG) to fulminant HF and 
sudden death (MAY 2011). Thus, initial clinical suspicion 
is necessary for the diagnosis to be confirmed, especially in 
oligosymptomatic cases. 

Studies such as those by Rodrigues-Gonzales et al.6 and 
Durani et al.4 showed that, in most patients (59 to 83%), 
the diagnosis of myocarditis was not made on the initial 
assessment; thus, more than one medical assessment were 
required before the diagnosis of myocarditis or DCM was 
made.18 In the studies, children often received an initial 
diagnosis of respiratory disease (bronchiolitis,  asthma, or 
pneumonia) or gastrointestinal infection.1

Clinical presentation also varies according to patient’s age. 
Neonates and infants may present with unspecific symptoms 
suggestive of infection, including fever, hypoactivity, and 
suction difficulty, or may severe signs, such apneia, cyanosis, 
and cardiogenic shock.2,7

In older children and in adolescents, clinical manifestations 
may also be different. Most children present with unspecific 
respiratory or gastrointestinal complaints; only a minority of 
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them report chest pain. The most frequently reported signs 
of myocarditis are unspecific symptoms, such as shortness of 
breath (69%), vomiting (48%), or feeding difficulties (40%). 
Sudden death may occur in some cases of myocarditis.2 
Every patient with new-onset HF or arrhythmia should have 
myocarditis considered as a possible diagnosis. 

The presentation of myocarditis may be categorized 
into clinical syndromes such as: chest pain, HF with 
phenotype of DCM or fulminant myocarditis, arrhythmias, 
and sudden death.

Chest pain: intense chest pain, similar to that of 
acute myocardial infarction, associated with typical 
electrocardiographic changes and increase in biomarkers 
such as troponin and brain natriuretic peptide (BNP).1 It is 
usually associated with pericardial impairment, but cardiac 
function is normal.32 In these patients, it is necessary to 
ensure that coronaries do not have congenital or acquired 
anatomical abnormalities through imaging tests such as 
echocardiogram and coronary computed tomography 
angiography. 
Sudden death: despite being a rare event, sudden death 

in the pediatric population is commonly associated with 
myocarditis16 and may be the initial presentation of the disease. 
In these cases, diagnosis is made histologically, in which an 
infiltrative inflammatory process becomes an arrhythmogenic 
focus generating fatal arrhythmia, or through cardiac imaging 
after an event of aborted sudden death. Myocarditis accounts 
for approximately 9% of sudden deaths in young athletes in 
the United States with confirmed cardiovascular event was 
documented.28 

1. Arrhythmias
Symptoms such as palpitations and syncope occur in 

pediatric patients with myocarditis even in the absence of HF 
or of overt reduction of left ventricular a function. 

Resting sinus tachycardia is also an important subtle 
characteristic and, despite not being a consistent finding, 
it may be the only finding in mild forms.

The presence of ventricular arrhythmias in structurally normal 
hearts and ventricular tachyarrhythmias in athletes has been 
associated with myocarditis.30,31 Myocarditis should also be 
considered in children with acquired complete heart block. Lyme 
carditits and Chagas disease have been associated with complete 
heart block. Although most children may recover atrioventricular 
conduction, some patients may require permanent. Although most 
children may recover atrioventricular conduction, some patients 
may require permanent pacemaker implantation.32-34 

2. HF with phenotype of DCM
The most classical presentation of myocarditis is the onset 

of symptoms of HF in a phenotype of DCM some weeks 
after a history compatible with viral disease. Respiratory and 
gastrointestinal symptoms, as well as myalgia, are characteristic 
of this phase, and fever may be present or not.19,35

Signs of congestive HF are observed in most patients18 varying 
in severity of symptoms according to the degree of myocardial 
inflammation.1 Tachydyspnea, tachycardia, changes in cardiac 
and respiratory auscultation, and hepatomegaly are usually 
observed, followed by signs of low cardiac output. 

3. Fulminant acute myocarditis 
Is a different subset of acute myocarditis characterized by HF 

with severe hemodynamic involvement requiring mechanical 
or inotropic circulatory support and meeting at least two of the 
following criteria: fever, onset with symptoms different from 
those of HF within 1 or 2 days, and history of viral disease in 
the 2 weeks before hospitalization. Fulminant myocarditis is 
associated with symptoms of major left ventricular dysfunction 
and unexpected HF from 2 to 3 weeks after the onset of viral 
infection.14,36 Fulminant myocarditis accounts for 10 to 38% of all 

Table 1 – Etiology of myocarditis in childhood and adolescence

Etiology Examples

Infectious 

Viruses
Adenovirus, echovirus, enterovirus (coxsackie), herpes (cytomegalovirus, Epstein-Barr virus, 
human herpes virus type 6, hepatitis C, HIV, H1N1, parvovirus B19, arboviruses (dengue, 
Chikungunya, and Zika), SARS-CoV-2

Bacteria
Clamidia, Corynebacterium diphtheriae, Klebsiella, Salmonella, Legionella, Mycobacterium 
tuberculosis, micoplasma, Staphylococcus, Streptococcus A, Streptococcus pneumonia, 
Tryponema pallidum, Haemophilus influenzae

Fungi Actinomyces, Aspergillus, Candida, Cryptococcus

Protozoa Toxoplasma gondii, Trypanosoma cruzi

Autoimmune
Celiac disease, Churg-Strauss syndrome, dermatomyositis, giant cell myocarditis, hypereosinophilic syndrome, 
Kawasaki disease, systemic lupus eritematosus, lymphofollicular myocarditis, rheumatoid arthritis, sarcoidosis, 
ulcerative colitis, scleroderma

Hypersensitivity reactions
Penicillin, ampicillin, cephaloesporin, tetracyclines, sulfonamides, benzodiazepines, clozapine, thiazide and loop 
diuretics, methyldopa, tetanus toxin, varicella vaccine, antidepressants

Anphetamines, anthracyclines, catecholamine, cocaine, cyclophosphamide, phenytoin, transtuzumab, toxic 
amitriptyline, amphotericin B, cannabis, carbon monoxide, electric shock, ethanol, Hymenoptera, isoniazid, 
lidocaine, methyldopa, spider and scorpion venoms

HIV: human immunodeficiency virus; SARS-CoV-2: severe acute respiratory syndrome coronavirus 2.
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cases of myocarditis,37 and has been described in children with 
mortality rates ranging from 48.4% in Japan to 9% in France. 
Despite the severe presentation, results are significantly better 
that those of adults with acute myocarditis. In children presenting 
with cardiogenic shock, ventricular arrhythmia, or atrioventricular 
block stabilization with mechanical circulatory support (MCS) 
will be required, such as extracorporeal membrane oxygenation 
(ECMO). In patients who do not respond after a period of 1 to 2 
weeks, an endomyocardial biopsy (EMB) should be considered in 
order to rule out giant cell myocarditis that responds to treatment 
with immunosuppression, despite having a poor prognosis.38 

Diagnosis
The diagnosis of myocarditis is especially challenging due 

to its varied clinical presentation, which encompasses from 
asymptomatic patients with only subtle findings on ECG to 
fulminant HF and sudden death. Diagnosis remains mostly 
based on high degree of clinical suspicion, supported by 
biomarkers, such as cardiac troponin and BNP, and advanced 
techniques of cardiac imaging, such as tissue Doppler 
echocardiography and cardiac magnetic resonance, with 
EMB being considered the gold standard of diagnosis. Clinical 
characteristics of myocarditis are usually similar to that of HF, 
and this condition is the most common cause of new-onset 
HF in healthy children. Patients with mild symptoms are at 
risk of worsening and, thus, early diagnosis is important in the 
establishment of appropriate monitoring and support care.5,39 

After clinical suspicion, based on medical history taking and 
physical examination, investigation begins with supplementary 
tests. Table 2 and Figure 1 summarize the main diagnostic tools 
and possible findings. 

ECG
In children with myocarditis, ECG is altered in at least 

93% of patients,20 although normal results do not exclude the 
diagnosis of this condition. Changes are unspecific and range 

from sinus tachycardia to ventricular arrhythmias, and there 
may be low QRS complex voltage, atrioventricular block, 
changes in ST segment and QT interval.15,19,20

Biomarkers
The levels of inflammatory activity markers, such as 

hemosedimentation velocity and reactive C protein, are often 
elevated, and leukocytosis may be present, although normal 
results do not rule out the diagnosis of myocarditis.11,19 

Abnormal troponin levels may support the diagnosis of 
myocarditis. Troponin T may have greater sensitivity to detect 
micronecrosis in myocarditis, due to the proportionally higher 
and longer increase in its serum levels compared with creatine 
kinase.11,35 It is believed that EMB should be performed 
when troponin levels are elevated, because there is a greater 
likelihood of showing myocardial inflammatory infiltrate.15 

Soongswang et al.40 found that troponin T has good 
sensitivity (71%) and specificity (86%) to diagnose acute 
myocarditis in children and that troponin T levels were higher 
in patients with myocarditis compared to those with DCM.40 
However, it is important to highlight that, in clinical practice, 
values of troponin T and I are measured by different methods; 
therefore, it is essential to know the cutoff values for the test 
kits used in the institution where the patient was treated. 

High levels of natriuretic peptide (BNP and N-terminal 
B-type natriuretic peptide [NT-pro-BNP]) may be present in 
myocarditis and are useful to determine cardiac etiology in 
children with respiratory symptoms.19 Rodriguez-Gonzalez 
et al.6 showed that NT-proBNP levels > 5,000 pg/mL are 
associated with worse prognosis in children with myocarditis.

Chest X-RAY
Findings on chest x-ray usually include increased cardiac 

area on account of increased left ventricular (LV) diameter 
and/or pericardial effusion7,20 and may reveal pulmonary 
congestion and edema, infiltrates, or pleural effusion.7

Table 2 – Main diagnostic tools in acute myocarditis in children and adolescents

Investigation tools Possible findings

Medical history taking
Typical symptoms of cold/influenza, gastroenteritis, insect bites, family history of cardiomyopathy, 
and precordial pain. Signs of new-onset heart failure or arrhythmia in previously healthy children.

Physical examination Resting tachycardia and clinical signs of heart failure.

Biomarkers Troponin and BNP elevation.

Chest x-ray Image suggestive of increased cardiac area, pulmonary congestion, pleural effusion, and pulmonary infiltrate.

Electrocardiogram
Sinus tachycardia, ventricular hypertrophy, abnormalities in ST segment and in T wave, arrhythmias, AVB, 

QT segment prolongation, low QRS complex voltage.

Echocardiogram
Increased telesystolic and diastolic ventricular volume, wall motion abnormalities, septal or ventricular 

thickening, reduced ejection fraction, valvular regurgitation, and presence of thrombi.

Gallium scintigraphy Capture of gallium

Nuclear magnetic resonance Edema, cardiac tissue inflammation and necrosis/fibrosis.

Myocardial biopsy Presence of lymphocytic infiltrate, edema, and necrosis of cardiac muscle cells, viral PCR.

AVB: atrioventricular block; BNP: brain natriuretic peptide.
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Recent arrhythmia 
Sustained sinus tachycardia of 

undetermined cause

Recent heart failure*

altered

NO

Cardiac magnetic resonance imaging**Gallium scintigraphy**

May be used to detect 
myocarditis in DMC

BNP: natriuretic peptide type B; ECG; electrocardiogram; ECHO: echocardiography; DMC: dilated myocardiopathy; EMB: endomyocardial biopsy.*
*Attention to subjective presentations of heart failure in children: abdominal pain and vomiting, feeding difficulty, and respiratory symptoms.
** See Table 2 for possibles changes on each supplementary test.

Specific scenarios determine its indication 
Useful in the specific treatment 

Influences prognosis

Non-invasive method 
Contributes to the diagnosis of myocarditis 
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Figure 1 – Diagnostic flowchart for pediatric patients with suspected myocarditis.

Echocardiography
Echocardiographic findings typical of myocarditis are 

increased LV systolic and diastolic diameters and reduced 
LV shortening and ejection fractions, characterizing the 
phenotype of DCM.19,41 Atrioventricular valvular regurgitation 
and segmental abnormalities of ventricular wall motion, 
as well as pericardial effusion, may also be observed.7,19,41 
Changes in right ventricular function may be associated with 
greater likelihood of adverse outcomes, including cardiac 
transplantation or death.7

Fulminant myocarditis may be characterized by increased 
intraventricular septal thickness due to interstitial edema and 
LV dimensions close to normal.19,41 Patients with this condition 
have better prognosis in recovering LV function.19 Phenotypes 
of hypertrophic and restrictive cardiomyopathy have already 
been described in patients with diagnosis of myocarditis 
confirmed by histopathology.7,19 

The use of tissue Doppler and ventricular strain may also 
contribute in the diagnosis of myocarditis.32,41 However, the 
diagnostic value of ECHO is limited, because many patients with 
mild myocarditis may present with normal echocardiographic 
results.42 Echocardiography is also important to rule out other 
causes of HF, especially coronary abnormalities.7

Nuclear medicine
The presence of cardiac inflammation may be demonstrated 

scintigraphy studies.16,38 In children with DCM, gallium-67 
scintigraphy may be used to detect myocarditis, showing high 
sensitivity (87%) and specificity (81%) compared with EMB.43 

However, this technique is not frequently used in children 
with suspected myocarditis.1,38

Cardiac magnetic resonance
Cardiovascular magnetic resonance is a tool widely 

accepted to investigate patients with suspected myocarditis 
and became the non-invasive diagnostic method of choice in 
the diagnosis of myocarditis.2,44,46 In pediatrics, in addition to 
contributing to diagnosis, cardiovascular magnetic resonance is 
able to contribute in prognosis, especially in cases of fulminant 
myocarditis.47 Martinez-Villar et al.45 showed the contribution 
of resonance in the diagnosis of myocarditis in adolescents 
with infarction-like presentation.

This technique allows for a detailed assessment of 
ventricular wall dimensions and thickness and of cardiac 
function; moreover, it provides data on myocardial tissue, 
showing the presence of edema, inflammation, and fibrosis.13 
Edema is seen through enhancement of T2-weigthed image, 
early enhancement on T-1 weighted image is related to 
hyperemia. Conversely, late gadolinium enhancement 
translates the presence of fibrosis, which is typically not 
restricted to a vascular territory, being usually mesomural and 
subepicardial.2,13,32 Figures 2 and 3 illustrate these changes. 
Cardiac resonance is also able to identify segmental changes 
in ventricular walls, more commonly in inferolateral and 
basal walls.34 

Friedrich et al. published in 2009 the Consensus on 
cardiovascular magnetic resonance for inflammatory 
cardiomyopathies, the Lake Louise criteria, which establish 
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that the presence of edema, hyperemia, and necrosis/fibrosis 
are assessed through T2-weighted images, early enhancement, 
and late gadolinium enhancement; likewise, the presence 
of 2 or more of these criteria strongly suggest the presence 
of myocarditis,42 with a sensitivity of 67% and a specificity of 
91%.13 Diagnostic accuracy may be improved with myocardial 
assessment on T1-weighted images.47 Therefore, the use of T-1 
mapping together with T2-weighted images and late gadolinium 
enhancement increases diagnostic accuracy to 96%.45,46

Others unspecific findings of myocarditis include: regional 
changes in ventricular wall motion, reduced myocardial 
function, and pericardial effusion.45

In addition to the diagnosis of myocarditis, magnetic 
resonance may provide information on disease progression 
and resolution.45

EMB
The histopathological demonstration defined by the 

Dallas criteria, proposed in 1986.14 Is still necessary for the 
definite diagnosis of myocarditis; thus, EMB is still the gold 
standard.2,16,19 EMB shows the etiology of myocarditis, because 
infectious, inflammatory, toxic, infiltrative, and autoimmune 
changes occur at the cell level, and non-invasive methods are 
not able to demonstrate them.49 Although some factors limit 
its routine use,1,6,38 the indication of EMB is justified by the 
fact that specific inflammatory diseases of the myocardium 
have an unique treatment, impacting on prognosis.16,48,49-51 
For  example, the treatment of myocarditis mediated by 
immune processes differs from that of viral myocarditis, and 
it is difficult to diagnose them by non-invasive methods.1,49

The EMB procedure may rarely be re lated to 
some complications such as cardiac tamponade and 
atrioventricular block requiring temporary pacemaker.7,13,16 
In pediatric patients, the overall risk of complications 
is relatively low, ranging from 1 to 6 %,1 and is directly 
related to patient’s clinical condition, to the experience of 
the medical team in performing the procedure, and to the 
availability of cardiac surgery if needed.38 Mortality rates 

range from 0 to 0.4%.1 Therefore, the risk/benefit of biopsy 
should be individually assessed.

The sensitivity of Dallas criteria for the diagnosis 
of myocarditis is around 55%; however, the use of 
immunohistochemistry and polymerase chain reaction (PCR) 
for viral research increases the diagnostic sensitivity of EMB,13,38 
since some studies showed the presence of virus in the 
absence of Dallas criteria.14,36,48 The collection EMB samples 
from both ventricles increases sensitivity for the diagnosis 
of myocarditis.43 The diagnosis may be improved with the 
combined use of EMB and magnetic resonance improve 
diagnosis, because magnetic resonance can guide the better 
site for the collection of EMB samples when focal lesions are 
present in the right or in the left ventricle.3,16,50 

In 2007, a joint publication by the American Heart 
Association, the American College of Cardiology Foundation, 
and the European Society of Cardiology defined as class I 
recommendation for EMB two scenarios out of 14: unexplained 
new-onset HF of less than 2 weeks’ duration associated with 
hemodynamic compromise; or unexplained new-onset 
HF of 2 weeks’ to 3 months’ duration associated with 
ventricular dilatation or arrhythmias or conduction disease.49 
However,  the European Society of Cardiology recently 
included the presence of pseudoinfarction as recommendation 
for EMB, after exclusion of coronary disease.48 In the pediatric 
population, the presence of unexplained cardiomyopathy 
receives recommendation IIa for EMB.49

According to the Dallas criteria, acute myocarditis is 
defined by lymphocytic infiltrates in association with myocyte 
necrosis, whereas borderline myocarditis is characterized by 
inflammatory infiltrate without evidence of necrosis.51 

Treatment
The therapeutic approach of myocarditis in childhood 

and adolescence is still controversial and mainly based on 
support treatment.1,12,20 However, specific treatment may be 
required, according to results from EMB, clinical presentation, 
and disease prognosis.48

Figure 3 – Presence of atypical late enhancement for coronary 
disease with heterogeneous pattern, sparing the endocardium 
located in the anterior, anteroseptal, and inferior segments. 
Compatible with non-ischemic necrosis/fibrosis (myocarditis).

Figure 2 – Cardiac magnetic resonance showed myocardial edema at 
anterolateral mid-basal walls. (A) Effusion, thickening, and pericardial 
enhancement more evident near the right and left ventricular basal 
segments. (B) Aspect suggestive of recent or active myopericarditis.
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General measures
These measures consist of treating HF and arrhythmias and 

of preventing sudden death by reducing myocardial oxygen 
consumption, treating anemia, and adhering to water and salt 
restriction with strict control of water balance.2,12

1.	 Physical activity limitation/rest: competitive activities should 
be suspended for 6 months, as long as ventricular function 
is normal and there is no evidence of clinically relevant 
arrhythmias.12,19

2.	 Treatment of HF: stabilizing children with hemodynamic 
compromise is crucial, admission to the pediatric intensive 
care unit for hemodynamic and ventilatory supports is 
required in cases presenting with HF.1,11,12 Infusion of 
inotropics, use of afterload reducers, and use of diuretics 
help improve cardiac function.

	 The administration of diuretics should be made with 
caution, because rapid reduction in volemia may 
worsen hypotension and compromise tissue perfusion 
in a patient with an already reduced cardiac output.2,11 
The use of inotropics such as dobutamine, dopamine, 
noradrenaline, and adrenaline will be necessary 
in patients with hypotension, low cardiac output, 
and reduced cardiac function; their infusion may 
increase the risk for arrhythmias. The use of milrinone 
(phosphodiesterase inhibitor) is very useful in afterload 
reduction, improves cardiac function, and has a lower 
risk of predisposing to arrhythmias.2,11,19 

	 The use de angiotensin-converting enzyme inhibitors 
(ACEI) and beta blockers in adult patients is associated with 
good prognosis.19 However, beta blockers should not be 
administered to children in the acute phase of myocarditis, 
when there is low cardiac output. After stabilization and 
transition to the use of an oral diuretic, the use of beta 
blockers such as carvedilol is recommended, as well as 
the use of ACEI, which is associated with reduced reverse 
remodeling and improved functional class.2 Digoxin should 
be used with extreme caution in patients in the acute phase 
of disease, since its administration may trigger arrhythmias 
and increase the production of inflammatory cytokines.11

3.	 Arrhythmias: in patients with myocarditis, arrhythmias 
are usually transient and occur during the acute phase 
of disease. However, changes in cardiac rhythm may be 
associated with greater mortality and should be managed 
conventionally. Despite that, some patients will require 
peacemaker implantation for total atrioventricular block, 
and those with sustained ventricular arrhythmia will 
require amiodarone and, in selected cases, implantable 
cardioverter defibrillator.11,49

4.	 Advance life support: mechanical circulatory support (MCS) 
is required in patients with refractory cardiogenic shock. 
MCS devices are able to replace heart’s pumping function 
until myocardial function is recovered (rescue therapy) or 
until cardiac transplantation is possible (bridge therapy for 
transplantation).2,11,43

	 Pediatric patients with fulminant myocarditis benefit from 
ECMO support, because recovery of ventricular function 
may occur within some weeks.1,7,52

Specific measures
1.	 Intravenous immunoglobulin (IVIG): the use of 

immunoglobulin in pediatric patients with new-onset 
myocarditis or DCM is still controversial, since there are 
no available controlled studies showing its benefit.1,2,53-55 
The use of immunoglobulin is based on its antiviral 
and immunomodulatory potential, which reduces the 
cytokine production and inflammation.1,7 Robinson et 
al.56 conducted a Cochrane review with several databases 
and concluded that IVIG may be useful in children 
with myocarditis associated encephalitis and that more 
controlled clinical trials are needed to demonstrate 
the benefit of IVIG in pediatric myocarditis. However, 
studies with series of pediatric cases show that the use 
of immunoglobulin improves ventricular function and 
survival in this population, suggesting that immunoglobulin 
has a beneficial role in pediatric myocarditis.1,7,49,54 In a 
meta-analysis study, Huang et al.53 demonstrated that 
patients with fulminant myocarditis showed better 
survival at follow-up and that the use of IVIG showed 
to be superior compared with conventional treatment 
in reducing in-hospital mortality rates.53 However, a 
systematic review with meta-analysis conducted by Yen et 
al.55 found that immunoglobulin did not change survival 
rates, and thus should not be routinely administered for 
acute pediatric myocarditis.

	 In the I Brazilian guideline on HF and cardiac transplantation 
in fetuses, children and adults with congenital heart 
disease, developed by the Brazilian Society of Cardiology 
(Sociedade Brasileira de Cardiologia, SBC), the use of IVIG 
is considered recommendation IIb, with level of evidence 
B, for the following conditions: idiopathic DCM (optimized 
clinical treatment, more than 1 year with symptoms of HF) 
with presence of high titers of parvovirus B19 genome 
for in the myocardial tissue confirmed by EMB and 
molecular biology; myocarditis confirmed by EMB through 
immunohistochemistry and presence of viral genome in the 
myocardial tissue on molecular biology.43

2.	 Immunosuppression: the role of immunosuppression 
is still discussed in the treatment of myocarditis, with 
the purpose of suppressing inflammatory response and 
autoimmune activity in order to improve clinical status and 
ventricular function and reduce mortality.12,16,44,57 It may be 
considered adjuvant therapy when EMB is performed, and 
the presence of viral activity is ruled out through PCR study 
and documentation of inflammatory activity.11 The Tailored 
Immunosuppression in Inflammatory Cardiomyopathy 
(TIMIC) study confirms the efficacy of immunosuppressive 
therapy in this situation.57 

	 In  g iant  ce l l  myocardi t i s  conf i rmed by EMB, 
immunosuppression received class I recommendation I, level 
of evidence B. Conversely, in inflammatory cardiomyopathy 
confirmed by EMB through immunohistochemistry with 
optimized clinical treatment and more than 6 months 
of symptoms of HF, in the absence of viral genome by 
molecular biology, immunosuppression received class 
recommendation IIb and level of evidence B.43 This therapy 
is also indicated in eosinophilic myocarditis.19 
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	 Camargo el al.58 showed that immunosuppressive therapy is 
beneficial in pediatric patients with inflammation on EMB, 
regardless of the presence of viral genome. However, their 
study did not use a control group of active patients with 
myocarditis treated conventionally.58 

	 Therapy may be based on the association of prednisone 
and azathioprine or corticosteroids associated or not with 
cyclosporine.16,19,43 

3.	 Antiviral therapy: the presence of viral genome in EMB 
samples has guided antiviral therapy. Interferon-β (IFN-β) 
and IVIG are the main therapeutic options, whose 
objective is to interrupt viral replication by eliminating 
them. It is necessary to confirm inflammatory activity 
associated with viral replication documented by EMB.16,49 
Patients with DCM and persistent viral genome show 
improved cardiac function after using subcutaneous 
IFN-β.7,49 The use of antiviral therapy is more effective in 
the earlier stages of myocarditis.19 

	 Infections with cytomegalovirus, herpes simplex, and 
human immunodeficiency virus (HIV) should receive their 
predefined therapies.12

Prognosis 
The prognosis of myocarditis is as variable as its clinical 

presentation. The patients may recover and subsequently 
evolve to DCM or death.44,59,60 Patients with normal cardiac 
function usually have good prognosis, unlike those with 
DCM.1,44 In general, nearly 50% of patients will improve after 
2 to 4 weeks of disease onset, nearly 30% will develop DCM, 
and the remaining 20% may evolve to clinical worsening, 
requirement for cardiac transplantation, or death.17 

Ejection fraction below 30% and shortening fraction 
bellow 15%, LV dilatation, and moderate to severe mitral 
regurgitation are considered predictors of poor prognosis.1 
In a study conducted by Kim et al.,60 LV dilatation was the 
main factor associated with mortality in children with acute 
myocarditis. Transplantation-free survival in children with 
acute viral myocarditis ranges from 70 to 75%.54 However, 
neonates and infants have significant mortality rates in up to 
45% of the cases.1 

Patients with fulminant myocarditis are more likely to 
recover ventricular function after surviving the acute phase 
with cardiogenic shock.1,44

New horizons
New models of pathogen identification through 

metagenomic next-generation sequencing (mNGS) have 
contributed in the approach of myocarditis in large centers. 
In most studies with mNGS, it was observed that the identified 
viruses were not included in the routine viral panels.61,62 
These studies also reinforce the need of population research 
fronts specific for epidemiology and etiology of myocardites. 
The pursuit of etiopathogenic diagnosis will contribute to 
characterize outcomes and prognosis in specific populations, 

thus enabling to include investigations with vaccines and 
appropriate antiviral therapeutics.

Conclusions
Myocarditis is characterized as a multifaceted disease 

able to promote different clinical pictures and outcomes. 
Numeral diagnostic and therapeutic technological advances 
have changed its natural history; however, epidemiological 
studies of clinical registries are essential to characterize the 
population in each country. 

The Children and Adolescents Myocarditis and 
Cardiomyopathy Registry (ChARisMa), conducted by 
Universidade Federal Fluminense (UFF) in Niterói, state of Rio 
de Janeiro, Brazil, with partner institutions and the support 
from the SBC Department of Heart Failure (Departamento de 
Insuficiência Cardíaca da Sociedade Brasileira de Cardiologia, 
DEIC-SBC), aims to map and characterize pediatric and 
adolescent population with suspected or diagnosed 
myocarditis and cardiomyopathy. The obtained population 
data will contribute in guiding and developing protocols with 
educational, diagnostic, therapeutic, and follow-up measures. 

Promoting research guidelines in diagnostic suspicion in 
childhood may contribute to better outcomes, not only in 
this population but also in the adult population with DCM of 
unknown etiology.
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