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Abstract

Background: A case of sudden unexpected death of an
11-year-old child with tonsillitis illustrates acute myocarditis
and the difficulty in diagnosing it.

Aims: Consider myocarditis among acute pediatric con-
ditions, suggesting this disease should be included in the
differential diagnosis for children who are toxemic critically
ill, particularly when they have respiratory symptoms.

Methods: A critical review of studies published from
1987 to 2018 was conducted. Relevant studies addressed
children with deterioration of a condition initially con-
sidered benign and discussed clinical aspects suggesting
various pathologies such that the presence of myocarditis
was “masked.” Papers on myocarditis and sudden death in
children were selected by searching electronic databases
(Pubmed, Scielo, Semantic Scholar, Google Scholar, Springer
Link, Science Direct, NCBI, Research Gate, and others). Arti-
cles on immunology, pathology, pneumology and radiology
were also included that addressed medical reasoning and
might assist in early diagnosis.

Results: Many cases of myocarditis remain undiagnosed
due to nonspecific symptoms. Therefore, the true preva-
lence is unknown. The literature reports a high prevalence
of histologically proven myocarditis on post-mortem exami-
nation in pediatric cases of sudden death based on the pres-
ence of a lymphocytic infiltrate necrosis of myocytes.

Conclusion: Early diagnosis and treatment of myocarditis
might save children who would otherwise die or develop
chronic dilated cardiomyopathy. Information presented
in this review may assist in better recognition of this life-
threatening disease.
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Introduction

The high incidence of pediatric emergencies presenting with
respiratory symptoms and the wide variety of childhood ill-
nesses, including gastroenteritis and fevers without an obvious
source, might mask a possible diagnosis of acute myocarditis.
Since children with this condition may also be asymptomatic or
exhibit a variety of nonspecific symptoms, the true incidence
of the myocarditis in childhood remains unknown. Despite its
frequently benign nature and self-limited course, acute myo-
carditis may cause rapid clinical deterioration and even lead to
sudden unexpected death. The mortality may be as high 75%
in children under 1 year of age with disease due to Coxsackie B
virus, while it is less than 25% among older children with acute
myocarditis [1]. Due to many variables associated with the con-
dition and its often nonspecific characteristics, the diagnosis of
acute myocarditis poses a challenge to pediatricians. In fact,
while many of the vast variety of pediatric diseases can be de-
finitively diagnosed clinically, myocarditis can sometimes only
be confirmed by a post-mortem examination.

The true number of children affected by viral myocarditis,
the most common etiology of the disease, is certainly higher
than the numbers reported in studies. Most affected children
survive the disease in its relatively benign form and, in general,
children with myocarditis present with any of the broad range
of pediatric complaints, such as gastroenteritis or respiratory ill-
ness.

However, some children indeed die from this condition. In
this review, we include an illustrative case of an 11-year-old boy
being treated for tonsillitis who died within a short period of
time. Myocarditis was diagnosed only on post-mortem exami-
nation. This demonstrates that the disease may be responsible
for some cases for Sudden Unexpected Death in Childhood
(SUDC). Unless autopsy is performed to ascertain the exact
cause of death, the true incidence of myocarditis in this respect
is unknown. So while autopsy should be considered a diagnostic
method in SUDC, it is seldom performed currently [2].

The fact that common and seemingly nonlethal pathogens
may cause myocarditis suggests there might be some underlying
immunodeficiency favoring infection of the myocardium. This
possibility requires further research, including post-mortem ex-
aminations of cases of SUDC to understand why children with a
seemingly benign, nonlife-threatening infection die. Immuno-
deficiency syndromes might involve innate immunity, such as
phagocyte dysfunction or complement system abnormalities,
which can be associated with overwhelming infections. Or there
could be defects of adaptive immunity, such as deficient immu-
noglobulin production or abnormal T cell function, which are
associated with recurrent infections of the mucous membranes
[3,4]. The immune response is the main barrier to disseminated
infections with a high mortality rate [5,6]. If innate immunity
mechanisms do not completely effect the defense acts, it will
be necessary to add adaptive immunity for a quickly efficient
response in infectious and no infectious diseases. In cases of
severe failure defense (immunodeficiency), this could favor life-
threatening diseases as fulminant myocarditis. The latter may
appear suddenly following a nonspecific viral infection, with
rapid progression to severe heart failure, cardiogenic shock, and
potentially fatal arrhythmias [7].

An urgent need is the identification of new markers that
might be highly specific and sensitive for the early diagnosis of
myocarditis. Immunohistochemical detection of inflammatory

cells (T and B lymphocytes, macrophages or HLA- Human Leuco-
cyte Antigen) in cardiac tissue increase the sensitivity for the di-
agnosis of myocarditis when histological diagnosis is in conclu-
sive by Dallas criteria. This is the context within which the Lake
Louise criteria were formulated in 2009, improving diagnostic
efficiency through the use of contrast-enhanced Cardiovascular
Magnetic Resonance imaging (CMR) [8].

Echocardiography is a relevant diagnostic tool to help with
clinical decision-making, especially for the emergency care of
children with myocarditis and severe cardiac dysfunction (Fig-
ure 1). As an example, FAST (Focused Assessment with Sonog-
raphy in Trauma) has proved helpful in critical situations, e.g.,
cardiac tamponade, with the help of US-guided regional anes-
thesia [9,10]. Therefore, using focused US examination or func-
tional echocardiography in pediatric emergency departments
might improve diagnosis and treatment of critically ill patients
(Figure 2). For this purpose, US training programs for pediatric
emergency providers need to be implemented (Video 1) [9,10].

In the pediatric emergency care setting, thinking of acute
myocarditis in the differential diagnosis is crucial. Early thera-
peutic action, if appropriate, includes administration of intra-
venous immunoglobulin (IVIG) at the onset of symptoms, as is
routinely done in many centers [11]. This may reduce the mor-
tality rate [12] as well as progression of the disease to its chronic
form of Dilated Cardiomyopathy (DCM). Myocarditis is the most
frequent cause of DCM in childhood. The first European reg-
istry of cardiomyopathy (January 2018), which included 3,208
adult patients in 18 countries, reported that hypertrophic car-
diomyopathy and DCM were the most frequent subtypes of car-
diomyopathy. Study for pediatric patients clinically suspected or
biopsy-proven myocarditis is still ongoing (until December 2018
and ended in 2019). Echocardiography and Electrocardiography
were performed in 95,1%, almost of all patients. Magnetic reso-
nance imaging in 71,6%, genetic testing in 35,7% and endomyo-
cardial biopsy in 10,7% of the patients [13].

In the present study, we introduce a new expression “Her-
metical heart” to denote a unified understanding of the plu-
rality of conditions affecting the cardiovascular system in acute
myocardial diseases. The heart is acutely and but often silently
affected in myocarditis, which is why clinicians must be alert to
the possibility of this disease, especially in the emergency care
setting.

Note: Hermetic (adj.)-1630s “dealing with occult science
or alchemy,” from Latin hermeticus, from Greek Hermes, god
of science and art (among other things), who was identified by
Neoplatonists, mystics, and alchemists with the Egyptian god
Thoth as Hermes Trismegistos, “Thrice-Great Hermes,” who
supposedly invented the process of making a glass tube airtight
(a process in alchemy) using a secret seal. Hence, “completely
sealed” (c.1600, implied in hermetically)-Online Etymology Dic-
tionary.

Clinical case

The clinical case reported here, which has been published
elsewhere [14], is an illustration of the problem of unrecog-
nized acute myocarditis. An 11-year-old boy had been seen by
his primary care physician complaining of a sore throat. He was
given antibiotics for a clinical diagnosis of tonsillitis, although
no specific tests were done. The following day, he collapsed at
home. He was taken to the emergency room but did not re-
spond to cardiopulmonary resuscitation and was pronounced

Annals of Pediatrics



MedDocs Publishers

dead. There was no family history of heart disease or sudden
death. At autopsy, gross findings included purulent exudate on
the tonsils and an enlarged heart. On microscopy, there was no
fibrosis or myocardial hypertrophy, corroborating that this was
an acute cardiac condition characterized by a predominantly
lymphocytic infiltrate and areas of necrosis. Laboratory analysis
included bacterial culture of swabs; blood cultures; C-Reactive
Protein (CRP); meningococcal and pneumococcal screening;
toxicology testing for alcohol and drugs; and serology for Myco-
plasma pneumoniae, cytomegalovirus, Epstein-Barr virus, par-
vovirus, rubella, chlamydia and Toxoplasma gondii. All of those
tests were negative, as were Gram stain and culture of the ce-
rebrospinal fluid. Adenovirus DNA was detected in the blood,
myocardium, and tonsils but not in the lung. The post-mortem
diagnosis was adenovirus myocarditis.

Aim

Myocarditis should be considered in the differential diag-
nosis for children with acute illnesses that appear to progress.
Unexplained heart failure often sets in silently. Initially, myocar-
dial dysfunction is attended primarily by respiratory symptoms
rather than symptoms suggestive of cardiac disease [15,16].
Wheezing and crackles on chest auscultation are often found
in pulmonary diseases, such as asthma and bronchiolitis or re-
spiratory infections, but they might also be clues to acute myo-
carditis with heart failure [15,16].

Materials and methods

The present study consisted of a review of published articles
on myocarditis and SUDC, including those specific to related
fields such as immunology, pathology, pulmonology, and radiol-
ogy, that were published between 1987 and 2018. The sources
considered to be included addressed the complexity inherent in
making the diagnosis of acute myocarditis in children with a rap-
idly deteriorating condition, such as sudden death, and its im-
mune and autoimmune pathophysiology. The following search
terms were used both in English and Portuguese: myocarditis,
diagnosis, children, immunology, sudden death, and childhood.
Titles and abstracts of all publications obtained from an elec-
tronic search and references of such studies were screened by
the authors. Duplicate studies were excluded. The following
databases were searched: PubMed, Scielo, Semantic Scholar,
Google Scholar, Springer Link, Science Direct, NCBI, Research
Gate, J-Stage, AHC Media, ESC, British Medical Journal, SCCALP.
org, MDedge, BMC Journals, AAP.org, AHA Journals, SUDC.org,
Heart Views, and UFRGS (Federal University of Rio Grande do
Sul). The electronic search identified a total of 528 studies on
myocarditis, of which 233 were initially selected based on ti-
tles and abstracts. We excluded 197, including 177 that did not
meet the eligibility criteria and another 20 duplicate publica-
tions, leaving 36 studies for review (Figure 3).

Clinical signs and heart failure physiology

Prodromal symptomes, including fever, muscle pain and com-
plaints associated with nonspecific respiratory infections or gas-
troenteritis, may precede cardiovascular symptoms. However,
the clinical manifestations of myocarditis can be extremely
variable, ranging from a complete lack of symptoms to fulmi-
nant disease resulting in sudden death. The probable causes of
SUDC in the absence of a previous history of heart disease are
ventricular arrhythmias and atrioventricular block secondary to
inflammation involving the cardiac conduction system (Figure
4) [17,18]. Signs of heart failure, including tachycardia, a gallop

rhythm with a third heart sound, and crackles and inspiratory
wheezing in the lungs, may be present. Muffled heart sounds
suggest systolic dysfunction or pericardial effusion, that is, myo-
pericarditis. Hypotension indicates increased severity of the dis-
ease, which may result in frank cardiogenic shock. Such patients
should be managed in the Intensive Care Unit (ICU) and may
require procedures such as extracorporeal membrane oxygen-
ation [19].

Children with myocarditis usually exhibit progressive dysp-
nea. Impaired ventricular contractility leads to increased dia-
stolic ventricular pressure and diastolic ventricular volume, in
turn increasing left atrial and pulmonary venous pressure, re-
sulting in pulmonary congestion. When the heart’s compen-
satory mechanisms are exhausted, the elevated pulmonary
venous pressure and left ventricular diastolic and systolic dys-
function lead to inadequate cardiac output, ultimately progress-
ing to cardiogenic shock. Fever and anemia, which increase the
heart rate, might be sources of additional stress to the heart
[1]. Diastolic ventricular filling is impaired both by tachycardia
and by the reduction of the end-systolic volume because of the
impaired contractility. Patients appear pale due to poor periph-
eral perfusion, and they might also complain of abdominal pain
because of mesenteric ischemia. Chest pain might develop be-
cause of impaired coronary perfusion or associated pericarditis
or pleurisy. More rarely, an enlarged liver and fluid retention
may occur when the right ventricle is affected.

Fulminant myocarditis is characterized by a short viral pro-
dromal period and rapid deterioration of myocardial function,
resulting in cardiogenic shock. Among children who survive the
fulminant disease but progress to the chronic phase with DCM,
approximately 40% will undergo heart transplantation or die
within 5 years of diagnosis [12].

Diagnosis and treatment of acute myocarditis

Diagnosis of acute myocarditis is based on clinical manifesta-
tions together with findings on noninvasive tests. These may in-
clude chest radiographs, which may show cardiomegaly or signs
of pulmonary venous congestion; echocardiography, which is
essential both for diagnosis and follow up; electrocardiogra-
phy; magnetic resonance imaging using the Lake Louise criteria;
measurement of enzymes indicating myocardial injury such as
troponin and CKMB; and CRP levels. This full set of tests is rec-
ommended to increase the odds of a correct diagnosis. Myocar-
dial scintigraphy is also currently being used. This evaluates the
presence of the myocardium swelling and necrosis. In cases of
positive myocardial scintigraphy, biopsy could be indicated.

Invasive tests, such as intracardiac or endomyocardial biop-
sy, held to be the gold standard for the diagnosis of myocarditis
at many specialized centers around the world, are still a source
of debate among specialists [20,21]. Some consider that these
procedures lack adequate sensitivity because of a particular bi-
opsy sample may lack adequate histologic evidence. In addition,
there is a high risk of complications resulting from perforation.
Post-mortem diagnosis is made based on the Dallas criteria,
with cardiac tissue histology demonstrating a lymphocytic infil-
trate and myocyte necrosis [21].

Since viral infections are the leading cause of myocarditis, as-
sessment for viral DNA is performed. Approximately 51 adenovi-
rus serotypes and more than 60 different types of enteroviruses,
including Coxsackie A (23 serotypes) and B (6 serotypes) virus-
es, have already been identified, with Coxsackie B considered
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the most common cause of myocarditis [1]. Adenoviruses and
enteroviruses have also been associated with myocarditis. The
number of cases reports of myocarditis in childhood increased
in the 2009 Influenza A (HIN1) pandemic . More recently, the
prevalence of myocarditis linked to Parvovirus 19 (PB19) and to
Human Herpesvirus-6 (HHV6) have been increased.

Isolation of viruses from myocardial tissue on post-mortem
examination poses a considerable challenge. New molecular
techniques with high sensitivity and specificity, such as immu-
nochemical methods for viral detection, may yield an etiologic
diagnosis. Several studies have shown how difficult is to isolate
the etiologic agent from patients who have died from myocardi-
tis. The exact agent is not identified in approximately 50% of
cases, even though the infection is virus-mediated.

The Lake Louise criteria [8], formulated in 2009, describe
findings on contrast-enhanced CMR that increase the sensitiv-
ity and specificity for the diagnosis of myocarditis. These find-
ings indicate focal or global myocardial edema, hyperemia and
capillary leak, and fibrosis or necrosis seen as late gadolinium
enhancement.

According to the literature, administration of immunosup-
pressant agents, such as azathioprine and cyclosporine, com-
bined with steroids for treatment of acute myocarditis among
children is controversial. Beta-blockers, diuretics and inotropes
are used if heart failure occurs. High-dose IVIG might yield bet-
ter results in early stage of this disease. It is for this reason that
early diagnosis is urged in the hope that such treatment will
reduce mortality and stop progression to chronic cardiomyopa-
thy.

Since 1990, the routine protocols at two children’s hospitals
in Boston and Los Angeles in the United States include high-
dose IVIG for suspected cases of acute myocarditis [22,23], an
approach subsequently adopted at pediatric hospitals world-
wide. Several studies found a more satisfactory response to
this treatment among children (better outcomes in myocardi-
tis secondary to Kawasaki disease) compared with adults. One
study reported effective responses in acute viral myocarditis to
combinations of high-dose IVIG and steroids, such as methyl-
prednisolone [23].

Post-mortem studies

Some post-mortem studies are discussed, along with an an-
temortem study of critically ill children admitted to an ICU in
Cairo, Egypt.

1. In 8 cases of sudden infant death associated with histolog-
ically diagnosed myocarditis or pericarditis, viral genomes iden-
tified at autopsy included adenoviruses, cytomegalovirus, and
enteroviruses found in myocardium, liver and muscle samples.
This study points to the possible participation of these patho-
gens in the sudden death of infants under 1-year-old [24].

2. Among 1516 autopsies of children aged 0-18 years who
died from various causes over 10 years at a specialized center
in the United Kingdom [25], 1.8% (28 cases) had histologically
proven myocarditis. An observation to this study, in which, was
not a choice of SUDC cases primarily as a sample and therefore
the use of Dallas criteria to ensure a histological myocardial di-
agnosis.

In this study, among 28 cases of myocarditis, 17 presented
as sudden death, of them 10 had no apparent prodrome or life-
threatening symptoms. Of the 11 deaths that were not sudden,

6 children had respiratory complaints, 3 had gastrointestinal
symptoms, 1 abdominal pain, and 1 fever in association with a
nonspecific viral illness. In this group, 7 children were admitted
to the hospital with worsening of respiratory symptoms, being 3
treated initially as pneumonia before hospitalization.

Prodromal symptoms, including fever, respiratory, and gas-
trointestinal symptoms, occurred in approximately 80% of these
28 children with histologically proven myocarditis.

3.In 32 cases of child deaths at a pediatric hospital in Austra-
lia in which myocarditis was histologically proven, 16 had myo-
carditis as the only single significant finding, while the other
16 had myocarditis in association with other conditions, such
as bronchopneumonia. This study demonstrated the variety in
the presentation of myocarditis in childhood and adolescence,
indicating that myocarditis may or may not be associated with
other potential causes of death [26].

4. In a Cairo pediatric ICU [27], 63 critically ill children admit-
ted with respiratory failure were studied, excluding children with
congenital or acquired heart disease or previous heart failure.
Respiratory diseases were diagnosed in 41 cases (65%) upon ad-
mission. Myocarditis was suspected in 16 children on the basis
of abnormal cardiac enzymes, echocardiogram and electrocar-
diogram, of whom 10 had an admission diagnosis of respiratory
infection 2 of encephalitis, and 4 of other conditions. These 16
were given IVIG for 48 hours. The mortality rate was 50%, that
is, 8 children with suspected myocarditis survived.

Myocarditis and pulmonary radiological patterns

Radiology studies are relevant for the present review, as
they indicate wide variability in the interpretation of chest ra-
diographs [28].

Increased lung opacification suggests a heterogeneous
group of pulmonary diseases known as Diffuse Interstitial Lung
Disease (DILD). One of the causes of diffuse lung opacification
is pulmonary edema, which is classified as hydrostatic (due to
elevation of the pulmonary venous pressure and its occurrence
during heart failure) or nonhydrostatic (due to increased cap-
illary permeability, usually caused by Diffuse Alveolar Damage
(DAD) and its occurrence with sepsis) [29].

Pulmonary edema and interstitial pneumonia exhibit the
same radiologic pattern characterized by increased lung opacifi-
cation, which may hinder the differentiation between myocardi-
tis with pump failure and interstitial lung disease, such as myco-
plasma pneumonia. Increased lung opacification might present
as ground-glass opacities with preserved vascular markings, or
as parenchymal consolidation, which obscures vessels. Such cri-
teria for differentiation notwithstanding, these findings are con-
sidered to be nonspecific and might represent several different
alveolar, interstitial, or mixed diseases. Pulmonary edema is the
most common cause of diffuse acute lung disorders presenting
with ground-glass opacities or consolidation patterns.

For the assessment of interstitial edema due to pulmonary
venous congestion, which is suggestive of myocarditis, chest ra-
diographs might not suffice as a single imaging modality due to
the poor definition of the pulmonary vessels and their calibers,
peribronchial thickening, and the fact that cardiomegaly might
be either present or absent.

When there is a discrepancy between the clinical history
and inconclusive radiologic findings, high-resolution tomog-
raphy, echocardiography, and electrocardiography should be
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performed. Laboratory tests, including measurement of cardiac
enzyme levels, are useful for diagnosis, even though the results
may be not be immediately available, a hindrance when the dis-
ease is rapidly progressing.

Infections are always at the top of the differential diagnosis
for acute pulmonary disease. The presence of centrilobular nod-
ules together with the “tree-in-bud” pattern (due to accumula-
tion of secretions in the bronchioles) seen on tomography is a
radiologic finding useful to confirm an infectious pulmonary dis-
ease, discarding diseases related to pulmonary venous conges-
tion. Increasing the diagnosis problem, pulmonary edema can
also be confused with findings in several noninfectious DILD.

Therefore, myocarditis should be included in the differential
diagnosis, because it can also present with rapidly progressive
respiratory symptoms since a chest radiograph, in general does
not enables differentiation among the various possible diagno-
ses [28].

For pediatricians who daily face several acute breathing sce-
narios in emergency rooms, the diagnosis of acute myocarditis
should be included in their medical rationality.

Variability and agreement of radiological diagnoses

Icaza published a study in which chest radiographs of 60 chil-
dren aged up to 5 years old with acute respiratory symptoms
with apparent lung involvement were reviewed by a pediatric
emergency physician, a pediatric pulmonologist, and a radiolo-
gist [30]. Considerable inter-rater variation was apparent and
may be inherent to the interpretation of radiologic findings.
Variability index occurs considerably in results, not only, in radi-
ology as in several medical areas when a medical board discuss
about scenarios with inconclusive diagnoses.

Such variability is compounded by the fact that radiologic in-
terpretation in the acute setting is often made by physicians with
different levels of experience and training. This is especially true
in Brazilian emergency departments, where radiologists are not
always available. According to Icaza, diagnostic errors are due
to lack of knowledge or inappropriate conclusions, which may
result from interpretive associations based on incorrect initial
hypotheses [30]. Making the wrong diagnosis clearly impacts
treatment. For decades, we have been dealing with the over
prescription of antibiotics. In the case of acute lower airway dis-
orders, the main challenge is to distinguish bacterial pneumonia
from other diseases that do not require antibiotics. Errors are
actually more frequent in apparently simple cases compared
with the most difficult ones, which demand consultation with
others to make a correct diagnosis. To overcome the subjec-
tive nature of image interpretation and thus improve inter-rater
agreement, requiring double interpretation of all images might
help. However, non subjective factors also interfere with inter-
pretation, such as overlapping structures on two-dimensional
radiographs, a child’s small size, poor technical quality, and an
inadequate inspiration. Icaza concluded that error and variabil-
ity are intrinsic parts of the diagnostic process [30].

Understanding the immune and autoimmune process in
myocarditis

Experiments conducted in mice showed that myocarditis
was due to an immune process triggered by the local action of
cytokines, whereby macrophages, mast cells, CD4 and CD8 T
cells, B lymphocytes, and killer cells were all activated, resulting
in necrosis of myocytes and interstitial edema of the affected

heart tissue, with a consequent deleterious effect on the heart’s
pumping function. This immune reaction, occurring in response
to viral infection, promotes the release of interleukin 118 and tu-
mor necrosis factor alpha (TNT alpha), which might contribute
to reduction or suppression of myocardial contractility. The re-
sult is cardiac dysfunction that occurs in acute myocarditis and
the possible development of chronic myocarditis, according to
several studies.

Inoculation of Coxsackie B3 virus into sensitized mice induced
acute heart inflammation, the intensity of which depended on
the pathogenic properties of the virus and genetic aspects of
the host. Low viral replication levels were indicative of clinical
improvement of the induced myocarditis and no progression to
the chronic stage. Some mice developed an acute form of dis-
ease and others the chronic form, while a third group exhibited
resistance to the development of myocarditis at all.

Coxsackie B3 viral replication inside the myocytes caused im-
mediate damage, leading to cell death. The host’s immune de-
fense acts to control virus replication, but the repair response,
with collagen deposition and fibrosis, causes further myocardial
injury.

Some authors have detected an initial antigen-antibody re-
action that triggers an autoimmune response with production
of autoantibodies. It is believed that the pathogenesis of the
disease is directly related to successive immune responses.
Both recurrent viral attacks and the host’s immune and inflam-
matory responses influence the extent of the myocardial dam-
age. Virus-infected defense cells, such as lymphocytes and killer
cells, become unable to regenerate. If viral peptides remain on
the myocyte cell membrane surface, even after viral replica-
tion has ended, they may be subject to cross-reactions through
mechanisms not yet fully elucidated. According to one hypoth-
esis, necrotic cardiomyocytes release intracellular components,
which behave as antigens, triggering an autoimmune response
against the own cardiac tissue via production of low-affinity IgM
autoantibodies.

In laboratory experiments with rats, an autoimmune re-
sponse developed a few hours after the induction of acute myo-
carditis by inoculation with Coxsackie B3 virus.

Investigators still do not have a clear idea of the determi-
nants of complete recovery and cure or of progressive structur-
al damage and cardiac dysfunction. The mouse study suggests
that immune dysregulation subsequent to viral infection may
have a role in the pathogenesis of myocarditis in humans and to
its progression to chronic DCM [31].

Results and discussion

For patients who die, the surveyed literature recommends
diagnostic confirmation of acute myocarditis by post-mortem
examination according to the Dallas criteria, that is, the pres-
ence of a predominantly lymphocytic infiltrate and areas of
fibrosis or myocyte necrosis, which are pathognomonic of the
disease. However, some studies note that the specificity and
sensitivity of the Dallas criteria have not been fully established.
Nevertheless, the Dallas criteria [22] remain the more widely
accepted criteria worldwide for the post-mortem diagnosis of
myocarditis. The Lake Louise criteria [8] can help diagnose myo-
carditis antemortem if CMR is performed.

According to the research reviewed in the present study, vi-
ruses are the most common cause of myocarditis in children,

Annals of Pediatrics



MedDocs Publishers

with adenoviruses and enteroviruses at the top of the list
[11,14]. Echoviruses, parvoviruses (PB19), cytomegalovirus, hu-
man herpesviruses (HHV6), Epstein-Barr virus, influenza viruses,
human immunodeficiency virus, hepatitis C virus, rubella virus,
respiratory syncytial virus, and coinfections with more than one
virus have also been described. Other possible etiologies in-
clude bacteria, fungi, adverse drug effects and hypersensitivity
reactions, and insect and animal bites. Kawasaki disease, hyper-
eosonophilic syndrome, and inflammatory bowel conditions,
such as celiac disease, have also been mentioned as causes of
myocarditis.

In this review, it was not found articles directly related to
acute myocarditis in childhood with specific radiological disor-
ders such as pulmonary venous congestion presence on pneu-
mology articles. References of pulmonary disorders and serious
evolution of myocarditis in childhood occurred in post-mortem
studies.

Lack of autopsies influences statistical data on the cause of
death

Several studies reported a dramatic decline in performing
autopsies for patients admitted to the hospital who died due to
disease in Brazilian general and university hospitals, especially
since 2000. This situation was described in two studies, one
conducted in 2009 at Clinical Hospital of Federal University of
Minas Gerais and the other at the Fluminense Federal Universi-
ty in 2011 [32,33], which reported a reduction from 23,321 au-
topsies of adults and children in the period from 1966 to 1998
to 492 from 1999 to 2009.

It is believed that one of the reasons for this decline is the
lack of publicly available information on the vital role autopsies
play in advancing and improving medicine. As a rule, in cases of
sudden death by natural causes, it is extremely painful for fam-
ily members to make such a decision; thus, they usually refuse
consent.

As related above, the not consent by relatives in countries
where this procedure requires an authorization is common, due
to the moment of suffering that the parents of child are living. In
these cases, endomyocardial biopsy constitutes an alternative
tool for post-mortem cardiac tissue study. The procedure can be
discussed with relatives in order to enable the enlightenment
of the causa mortis in SUDC cases when autopsies were not au-
thorized. The post-mortem biopsy from the cardiac muscle can
allow the diagnosis of myocarditis, mainly in cases related to
mitochondrial and energetic metabolic diseases.

Conclusion

Among the pediatric population, sudden death is commonly
associated with myocarditis [34]. An understanding of the onset
and development of disease and of studies targeting it are cru-
cial because cardiovascular diseases are considered the most
common causes of death worldwide, even more than those
caused by cancer. According to data provided by the American
Heart Association in 2017, the number of annual deaths due
to cardiovascular diseases, without reference to particular age
ranges, might increase from 17.3 million in 2013 to 23.6 million
in 2030 [35].

A multidisciplinary conference “Understanding SUDC Medi-
cal Conference” [36] was held in New York City in May 2017.
Lecturers and investigators in cardiology, epidemiology, genet-
ics, neurology, and forensic pathology analyzed the results of

studies on sudden death in children [36,37]. This fact confirms
that this condition is a troublesome medical problem that re-
quires further investigation.

While acute myocarditis may be associated with significant
morbidity and mortality, the available data on its prevalence
are limited and inconclusive, since a definitive diagnosis of
myocarditis in childhood is usually only possible by histologic
analysis of the myocardium, obtained either by biopsy or post-
mortem [38,39]. More commonly, it is a presumptive diagnosis
[22,38].

When critically ill children, particularly those with severe
respiratory symptoms, are deteriorating clinically and not re-
sponding to treatment, physicians should consider myocarditis
as a possible diagnosis.

This review contributes to discussions on the creation of a
protocol for pediatric emergencies, including a broader range
of diagnostic tests, such as functional echocardiography (Video
1), which is crucial for diagnosis and follow-up of myocarditis, as
well as consideration of administration of IVIG if myocarditis is
suspected, focusing on save lives.
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Figures
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Figure 1: Transthoracic echocardiogram at the transverse plane
of ventricles (short ventricular axis) showing maximum and mini-
mum diameters of the Left Ventricle (LV) and calculation of the
Ejection Fraction (EF) and Shortening Fraction (SF) of the LV in a
healthy individual. The equations used for calculation by the Te-
ichholz method are EF (%) = maximum diastolic diameter of LV3-
maximum systolic diameter of LV3/maximum diastolic diameter of
LV3 X 100 (normal EF: >55%). SF = maximum diastolic diameter of
LV—maximum systolic diameter of LV/maximum diastolic diameter
of LV X 100 (normal SF: >28%).
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Figure 2: Transthoracic echocardiogram, short axis parasternal view (papillary muscle
level), showing reduced EF and LV SF of the LV in a case of myocarditis with moderate
myocardial dysfunction (EF = 44%,; SF = 19.5%). LV: left ventricle; EF: ejection fraction; SF:
shortening fraction.

Identification:
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* Google Scholar (n =72)
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Figure 3: Flowchart of records identified after an electronic search (by keywords, title and abstracts) of
studies published from 1987 to 2018; search terms included myocarditis and sudden death in children.
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Figure 4: Electrocardiogram showing ventricular tachycardia in a 2-month-old infant with fulminant myocarditis. Note the

absence of P waves and a wide QRS (red arrow DIl).
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