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Myocarditis, defined clinically and pathologically as myocardial inflammation, is thought to be the
most common cause of dilated cardiomyopathy in childhood, accounting for 46% of known causes
of dilated cardiomyopathy[l1]. The clinical presentation can vary from asymptomatic
electrocardiographic abnormalities, through fulminant acute heart failure, to sudden cardiac death.
Furthermore, myocardial inflammation can be a trigger for acute decompensation in individuals with
genetic cardiomyopathy and can also develop into a chronic inflammatory process. However, the
diagnosis of myocarditis can be problematic, as the gold standard criteria, the Dallas criteria[2], are
dependent on the availability of myocardial tissue, most commonly from endomyocardial biopsy
(EMB). In children, EMB are not routinely performed in many centres due to concerns around
perceived risk. Furthermore, cardiac magnetic resonance imaging, which is increasingly recognised
as a useful tool for establishing the diagnosis of myocarditis and monitoring treatment efficacy,
cannot be routinely performed without general anaesthesia in young children and may not be routinely
available in all healthcare settings. Therefore, the diagnosis of myocarditis in young children is often
a clinical one. Even when EMB is performed, there are significant limitations with the use of the
Dallas criteria, including a low reported accuracy. Importantly, there are limited data on what degree
of inflammatory infiltrate constitutes normality in young children.

The study by Degener et al.[3], published in this issue of the Journal, reports the normal inflammatory
cell count in the myocardium based on a histologic analysis on 62 patients under 4 years of age who
underwent planned open cardiac surgery for congenital heart disease (mainly Tetralogy of Fallot).
The data were collected from 2 German hospitals from 2013 to 2017. Patients included in this
analysis were mainly male (66%) with a median age of 0.5 years and more than 75% of cases were
less than 1 year old. Patients with infection or inflammatory disease before surgery or with known
cardiomyopathy were excluded. Samples, derived from the right ventricle (96.8%), were formalin-
fixed, embedded in paraffin, and histologic and immunohistochemical analyses were performed on 4
um thick tissue sections. Specimen were stained with hematoxylin and eosin for the detection of

inflammatory infiltrates, and immunohistochemical detection with anti-CD3 antibodies were used to
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identify T cells, anti-CD20 antibodies to identify B cells, anti-CD68 antibodies to identify
macrophages, and anti-HLA-DR antibodies to identify activated cells. First, the Authors documented
that patients included in this study had no myocarditis based on Dallas criteria (presence of
inflammatory infiltrates)[2]. Second, they defined the immune cell count calculated as the number of
cells per mm? (mean cell number counted in 5 randomly selected fields at the magnification of 200x).
HLA-DR expression was graded from no expression to severe expression (0 to 3 scale).

The main result of the study was that in the heart of these young patients the median number
of total inflammatory cells was 7/mm?, of which a median of 2.5/mm? were CD3"T cells (interquartile
range was from 1 to 4), 0.5/mm? were CD20"B cells (interquartile range was from 0 to 0.6) and 4/mm?
were CD68"macrophages (interquartile range from 2.5 to 6). Most of cells in these hearts had no
expression of HLA-DR (71%), while 29% had a minor focal expression (grade 1). These data suggest
that in up to 75% of infants (children below the age of 1 year) without an acute myocarditis or an
inflammatory cardiomyopathy, there will be less than 11 inflammatory cells/mm? on an EMB. This
number appears slightly lower compared to that reported in the immunohistochemical criteria by the
European Society of Cardiology Working group on myocardial and pericardial disease of 14
leukocytes/mm? with at least 7 or more CD3"T cells and 4 CD68 'macrophages/mm?[4]. Specifically,
the number of resident T cells in the myocardium of toddlers (children below 4 years) appears lower
compared with adults based on previous expert committees|5].

Is this additional piece of information relevant in the clinical practice? Most of acute
myocarditis in children are lymphocytic, while giant cell myocarditis, the histology with the poorest
prognosis, is almost absent in the first two decades of life[6]. Thus, a specific histologic
characterization may not be so strictly necessary in children. Nevertheless, a recent German registry
of 195 children presenting with HF and myocarditis showed that up to 14% of cases needed
mechanical circulatory support (MCS) and the median age of those who received MCS was 1.5
years[7]. Therefore, in this population of children below 2 years of age, the correct diagnosis is highly

important, specifically to differentiate idiopathic cardiomyopathies from acute myocarditis. In
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addition, recent data have suggested that desmosomal arrhythmogenic cardiomyopathies in children
may present clinically as an acute myocarditis[8], highlighting the importance of an accurate
diagnosis. In infants and young children, MCS requires a sternotomy, providing an opportunity for
surgical biopsy of the free wall of the right ventricle. In most cases inflammatory infiltrates are
evident, but, due to the patchy distribution of myocarditis, infiltrates may not be present in an
individual sample. Thus, the immunohistochemical cut-offs based on the count of
CD3*/CD68cells/mm? derived by the Authors can provide supportive criteria for the diagnosis of
acute myocarditis. A correct diagnosis can steer the treatment, specifically patients with acute
myocarditis could benefit from immunomodulating therapy such as corticosteroids and/or
immunoglobulins[9]. It must be noted that acute myocarditis in children can be triggered by systemic
viral syndromes, in particular parvovirus B19 (PVB19), and enterovirus[10], that may also be present
in the myocardium. A potential limitation of the current study is the lack of information about the
viral presence in infants/toddlers without myocardial inflammation. PVB19 genome search in this
population without myocardial inflammation could shed light on the topic, as it would help define if
PVB19 is a bystander, or a trigger of disproportional immune response against the heart, or an active
player in pediatric myocarditis.

The Authors should be congratulated on their work, which should be a source of inspiration
for similar methodological studies in adults to define cut-offs for setting histologic reference

standards to differentiate normal myocardium from myocarditis of inflammatory cardiomyopathies.
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