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Abstract

In childhood and adolescence, cardiomyopathies have
their own characteristics and are an important cause of heart
failure, arrhythmias, sudden death, and indication for heart
transplantation. Diagnosis is a challenge in daily practice due
to its varied clinical presentation, heterogeneous etiologies, and
limited knowledge of tools related to clinical and molecular
genetics. However, it is essential to recognize the different
phenotypes and prioritize the search for the etiology. Recent
advances in precision medicine have made molecular diagnosis
accessible, which makes it possible to individualize therapeutic
approaches, stratify the prognosis, and identify individuals in
the family who are at risk of developing the disease.

The objective of this review is to emphasize the particularities
of cardiomyopathies in pediatrics and how the individualized
approach impacts the therapy and prognosis of the patient.
Through a systematized approach, the five-stage protocol used
in our service is presented. These stages bring together clinical
evaluation for determining the morphofunctional phenotype,
identification of etiology, classification, establishment of
prognosis, and the search for personalized therapies.

Introduction

Cardiomyopathies are a heterogeneous group of structural,
mechanical, and electrical alterations of the myocardium and
the main cause of heart transplantation in the first year of life."?
While uncommon in pediatrics, they may be overlooked,
considering the rising number of cases of heart failure (HF) in
the pediatric population.'*”

Advances in molecular genetics and cardiac imaging
techniques have promoted changes in the knowledge and
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classification of cardiomyopathies in recent decades.®"
However, there is still a significant gap in knowledge of
the main etiologies, clinical presentation, and therapeutic
approach in children and adolescents.’*"”

Brazil is currently advancing initiatives to address
cardiomyopathies, including the Brazilian National
Cardiovascular Genomics Network - RENOMICA, which
investigates hereditary cardiovascular diseases and assesses
the cost-effectiveness of genetic diagnosis within the Brazilian
Unified Health System (SUS).18 Our team is establishing the
Registry of Cardiomyopathies and Myocarditis in Children
and Adolescents in Metropolitan Region Il of the State of
Rio de Janeiro (CHARISMA Registry), which will focus on the
genotype/phenotype relationship.

This work aims to describe, through a literature review,
the updated approach to pediatric cardiomyopathies in light
of the major advances in precision medicine. It also presents
the 5-step clinical reasoning model employed in our service,
which incorporates a personalized approach to pediatric
cardiomyopathies.

Methods

The research was conducted in the indexed databases
PUBMED, LILACS and SCIELO using the terms: Cardiomiopatias/
Cardiomyopathy; Crianga/Children; Insuficiéncia cardiaca/
Heart Failure; Pediatria/Pediatrics; Genética/Genetics; e
Medicina de Precisao/Precision Medicine. Articles published in
English and Portuguese between 1997 and 2022 were selected.

Epidemiology

The impact of HF in childhood has increased. The
main causes of pediatric HF are congenital heart disease,
cardiomyopathies and arrhythmias.3,4,19,20 In a study by Salim
et al.,*" cardiomyopathy accounted for 32% of deaths from
cardiovascular origin in children under one year of age in Brazil,
standing out as the main cause of death in this subgroup between
2000 and 2015. In the state of Rio de Janeiro, cardiomyopathies
had the highest annual proportional mortality rates.?

Studies conducted in North America, Europe (Finland),
and Australia show an estimated incidence of 1:100,000
people per year under the age of 20 years diagnosed with
cardiomyopathy.''#152 These studies revealed a predominance
in males and children of black and Aboriginal origin.>'*? Dilated
cardiomyopathy (DCM) and hypertrophic cardiomyopathy
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Systematic approach in five stages for cardiomyopathies starting in childhood and adolescence. The upper part of the figure shows the flowchart of clinical
reasoning, while the lower part provides details of each stage. MCP: cardiomyopathy, ECG: electrocardiogram, ECHO: echocardiogram, CMR: cardiac magnetic
resonance, CT Angio: computed tomography angiography. *Main examples include Pompe disease, Fabry disease, and mucopolysaccharidoses. t Available for
adults with hypertrophic obstructive cardiomyopathy.  Some genetic variants are more associated with the risk of arrhythmias and sudden death. § Promising
studies are underway for Duchenne muscular dystrophy and Danon disease.

(HCM) represent the majority of phenotypes (approximately
50% each), with restrictive cardiomyopathy (RCM) and non-
compaction cardiomyopathy (NCCM) accounting for 5%.
However, this incidence may vary according to the age group

investigated. The incidence of HCM is three times higher among
infants under one year of age. The Australian Registry showed
a higher incidence of NCCM of approximately 10% when
compared to other registries."*

Arq Bras Cardiol. 2024; 121(9):e20230154
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Despite the results of the studies described, the real
incidence of cardiomyopathies in the pediatric population
is yet unknown. Moreover, there is a large knowledge gap
regarding the epidemiological characteristics in Brazil and Latin
America, where there is a lack of studies on the subject.'”*
Huertas-Quinones et al. have recently demonstrated that
the clinical characteristics of pediatric cardiomyopathies in a
reference center in Colombia agree with global trends, with
DCM being the most frequent, followed by HCM."”

Classification

Current classifications are based mainly on the morphofunctional
phenotype and emphasize the importance of the genetic basis
of cardiomyopathies. The 2006 American Heart Association
(AHA) classification, the 2008 European Society of Cardiology
(ESC) classification, and the 2013 World Heart Federation (WHF)
classification (MOGE(S)) are currently available." 91226

The MOGE(S) classification, as endorsed by the WHF
in 2013, was designed to integrate diverse aspects of
cardiomyopathy patients, as it considers the morphofunctional
phenotype, affected organ, genetic or familial origin, etiology,
HF stage (AHA A-D), and functional class (New York Heart

Table 1 - Functional classification for children with heart failure

No limitation to physical activity; absence of symptoms
during common physical activities.

Routine physical activities cause fatigue, palpitations or
dyspnea. Comfortable at rest.

i Minor routine physical activities cause fatigue, palpitations
or dyspnea. Comfortable at rest.
Inability to perform any physical activity without
\% discomfort, HF symptoms at rest. Worsening of
discomfort signs when any physical activity is performed.

Association I-1V)."*"3 The utility of functional classes is limited
in children and is typically not applied. However, for children
under six years of age with clinical signs of HF, the modified
Ross classification’?28 is recommended, as shown in Table 1.

A five-step approach to pediatric patients with cardiomyopathy

The approach to pediatric cardiomyopathies consists of
personalized medicine, with standardized protocols that assist
physicians in the etiological investigation of these conditions.?’
As the clinical picture is heterogeneous, patients may be
asymptomatic or present with signs and symptoms of HF,
arrhythmias, chest pain, syncope or sudden death. Therefore,
a high level of suspicion is required for a proper diagnosis to
be made.'27:30

Initially, a clinical evaluation is performed to confirm the
phenotype and determine whether the cardiomyopathy is an
isolated or syndromic condition. Generally, specific “red flags”
can be seen, which can lead to an appropriate diagnosis (Table
2).2931 Next, the etiology is sought to define a therapeutic and
prognostic plan. Using the MOGE(S) classification is crucial for
a comprehensive cardiological diagnosis of cardiomyopathies,
considering the specificities of pediatrics, particularly regarding

| No limitations or symptoms.

Slight tachypnea or sweating during breastfeeding.
Il Dyspnea on exertion in older children, without
compromising weight gain.

Significant tachypnea or sweating during breastfeeding.
1] Prolongation of the breastfeeding time. Growth delay due
to HFE.

Symptoms at rest include tachypnea, retractions,
groaning, and sweating.

*New York Heart Association. Source: Azeka et al., 2014°” Monda et al., 2021.%

Table 2 - Red Flags in the physical examination and cardiomyopathies

Coarse facial features, corneal opacification, growth and development delay,

intellectual deficit, hepatosplenomegaly.
Hypotonia, muscle weakness, developmental delay.

Short stature, developmental delay, ocular hypertelorism, webbed neck,
eyelid ptosis.

Progressive ataxia, absence of reflexes.

Elevated creatine phosphokinase and transaminases, developmental delay
and retinopathy.

Neuropathic pain in the extremities, angiokeratomas, microalbuminuria,
gastrointestinal symptoms, cornea verticillata, hypohidrosis.

DCM .

HeM Mucopolysaccharidoses

HCM Pompe disease

HCM Noonan syndrome and other RASopathies

HCM, more rarely DCM Friedreich ataxia

HCM Danon disease

HCM Fabry disease

DCM: dilated cardiomyopathy; HCM: hypertrophic cardiomyopathy.

Arq Bras Cardiol. 2024; 121(9):e20230154
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the functional class.!”?”? Ultimately, prognosis is evaluated,
and personalized therapy is implemented, tailoring drug and
non-drug interventions based on the underlying etiology.®

Below are shown the stages of evaluation of pediatric
patients with suspected cardiomyopathy employed in our
service (Central lllustration).

Step 1

Personal history is crucial, as it highlights the age of
diagnosis or symptoms onset. Neonates and infants present
more frequently inborn errors of metabolism (IEM) and genetic
syndromes as etiology when compared to schoolchildren and
adolescents.’2731:32

During physical examination of infants and preschoolers with
DCM, the classic signs of HF are commonly observed.”** History
of syncope, heart murmur, and chest pain may also be present
in all phenotypes.”#3* It is estimated that 40% of symptomatic
children develop HF of such severity that they require heart
transplantation or die within five years."20*> In children with
HCM, sudden death (SD) is the main cause of death.3*

A global assessment of the child is essential, focusing on
the motor and cognitive development milestones, as well as
any dysmorphisms, anthropometric changes, signs of muscle
weakness or involvement of other organs and systems.>”
It is estimated that approximately 10% of children with
cardiomyopathy have a genetic syndrome diagnosis, and 15%
of the known causes are attributed to IEM, which differentiates
them from the adult population.32%

Previous pathological history analysis must include

recent infections (respiratory and gastrointestinal), history
of oncological treatment, inflammatory conditions or

autoimmune disease and endocrine diseases, thereby ruling
out non-genetic causes for cardiomyopathy.'27!

A detailed family history analysis, including at least three
generations to build the genogram, is recommended. Therefore,
it is possible to determine the inheritance pattern and provide
genetic counseling, identifying individuals at risk of developing
the disease. Additionally, information such as age of onset,
potential outcomes, and variation of phenotypes within the
same family can be provided."”*3137 |t is worth noting that a
child diagnosed with genetic cardiomyopathy may lack a positive
family history, either due to a de novo mutation or inheritance
from an asymptomatic parent carrying the genetic alteration.*"*

The inheritance pattern is usually autosomal dominant;
however, autosomal recessive patterns, X-linked or
mitochondrial disease (matrilineal pattern) also occur and
are more frequent in children than adults."? Mutations in
sarcomere genes are prevalent in children diagnosed with
isolated HCM, but can also be present in those with DCM,
NCCM, and RCM. Mutations may also affect genes related
to the cytoskeleton, nuclear membrane, and desmosomes.
Furthermore, the same pathogenic variant can lead to various
phenotypes, and different types of cardiomyopathies can
manifest within the same family.">37:3

After performing anamnesis and physical examination,
the morphofunctional phenotype is determined using
complementary cardiac imaging exams and laboratory tests."”
Figure 1 shows the main phenotypes in pediatric populations
and their characteristics.

Due to the complexity of cardiomyopathy, a
multidisciplinary evaluation is often required, with physicians
specializing in cardiology, pediatrics, metabolism, radiology,
neurology, and genetics.?>!
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Figure 1 - Main phenotypes and characteristics of pediatric cardiomyopathies. LV: left ventricle; CMP: cardiomyopathy; RV: right ventricle.
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1. Electrocardiogram (ECG): a readily available and
cost-effective diagnostic tool that aids in identifying
cardiomyopathies by detecting changes such as low QRS
voltage, cardiac chamber enlargement, alterations in
atrioventricular conduction, ventricular repolarization, as
well as the presence of atrial and ventricular arrhythmias.
In some patients, ECG changes may represent the
sole phenotypic manifestation of myocardial disease.
Conditions like Wolff-Parkinson-White syndrome and
ventricular pre-excitation are associated with storage
diseases such as mutations in PRKAG2 and LAMP2 (Danon
disease) and Pompe disease. Progressive alterations in
atrioventricular conduction and atrioventricular block
are frequently observed in laminopathies, mitochondrial
diseases, and storage or infiltrative disorders, as well as in
inflammatory conditions like giant cell myocarditis and
sarcoidosis.'2%3137:39

2. Echocardiogram: provides anatomical information,
ruling out or confirming congenital disease, determining
the dimensions of the heart chambers and their walls,
which should be expressed in z-scores. Additionally, it
assesses systolic and diastolic functions. The use of Strain
(longitudinal, circumferential, and radial) is sensitive
to systolic dysfunction and provides early diagnosis
of chemotherapy-induced cardiomyopathy, as well as
hereditary cardiomyopathies, especially in the HCM and
NCCM phenotypes, as demonstrated in a systematic
review by Dorobantu et al.'7827394% Furthermore,
observation of myocardial characteristics helps in the
diagnosis of NCCM.*' The presence of LV concentric
hypertrophy greater than 3 cm is generally related to
storage diseases such as Pompe disease in infants and
Danon disease in adolescents.""

3. 24-hour Holter and Exercise Test: detect the presence of
atrial and ventricular arrhythmias, aid in risk stratification
for SD, and are essential for this group of patients."2°

4. Cardiac magnetic resonance imaging (CMRI): aids
in determining the morphological phenotype and
studies systolic and diastolic function. The presence
of myocardial edema, hyperemia, and non-ischemic
fibrosis correlates with myocarditis, while fibrofatty
tissue replacement is indicative of arrhythmogenic
cardiomyopathy. Fibrosis (delayed enhancement) also
helps in diagnosing neuromuscular diseases and in
patients undergoing anthracycline therapy.'”#273!

5. Cardiac tomography: indicated for patients with difficult
echocardiographic windows and contraindications for
CMRI. Itis essential in the study of the coronary arteries
and cardiac anatomy. It can reveal the presence of fatty
tissue, a hallmark of arrhythmogenic cardiomyopathy."#

6. Biomarkers: Brain natriuretic peptide (BNP) and the
amino-terminal fragment of its precursor (NT-proBNP)
are produced in response to volume overload,
pressure and tension in the ventricular wall. Its
measurement helps in the prognosis of children with
cardiomyopathies and HF; higher levels indicate a
greater risk of worse outcomes in children with DCM. It
also helps in the differential diagnosis between restrictive

Arq Bras Cardiol. 2024; 121(9):e20230154

cardiomyopathy (higher levels) and constrictive
pericarditis. In patients undergoing treatment with
cardiotoxic chemotherapy, its elevation indicates early
myocardial injury and dysfunction."”?73%42 Troponin
levels increase in children with cardiomyopathies;
however, this elevation is not typically correlated with
prognosis. It happens particularly in cases of DCM
and is often associated with inflammatory conditions
like myocarditis.”?”3? In patients with arrhythmogenic
cardiomyopathy, troponin may increase in the “warm
phase,” as described by Bariani et al., where there is
a clinical presentation with chest pain and elevated
troponin in the absence of coronary alterations.** The
measurement of muscle enzymes and assessment of
liver and kidney function are essential for the analysis
of multi-organ involvement.?

7. Cardiac catheterization: indicated in specific conditions.
It determines pulmonary vascular resistance, assesses
coronary circulation, rules out coronary anomalies,
confirms the physiology of RCM and performs
endomyocardial biopsy.'?2733

Step 2

Step 2 consists of identifying the etiology. Although the
morphofunctional phenotype resembles that seen in adults,
the prevalence of etiologies differs between children and
adolescents. Neuromuscular, metabolic, mitochondrial
diseases and other genetic syndromes are major causes,
especially in infants and preschool children."?7:2529.42

Some conditions in childhood are clarified with metabolic
investigation and muscle enzyme measurement. Elevated
creatine phosphokinase levels may suggest mitochondrial
disease and Danon disease in patients with HCM. In contrast,
in patients with DCM, elevated muscle enzymes are associated
with dystrophinopathies, sarcoglycanopathies, laminopathies,
myotonic dystrophy, and desminopathies. Lactic acidosis
and elevated transaminases are indicative of mitochondrial
disease, while patients with Fabry disease may present with
proteinuria.*'*”

IEM account for approximately 15% of the known causes of
cardiomyopathies, and they are common etiologies of HCM and
DCM.>72532 Examples include glycogen storage diseases (Pompe
disease and Danon disease), lysosomal storage diseases such as
mucopolysaccharidoses (MPS), and Fabry disease, which are
disorders of glycosphingolipid metabolism.??

Neonatal screening protocols for [EM may not include
all necessary diagnostic tests, potentially leading to
underdiagnosis of IEM-associated cardiomyopathies due to
limited awareness.32 Pompe disease should be ruled out in
infants with HCM accompanied by hypotonia by measuring
the activity of the acid alpha-glucosidase enzyme. If Fabry
disease is suspected, the alpha-galactosidase A enzyme
should be measured. For MPS, it is important to measure
urinary glycosaminoglycans, while Danon disease is caused
by a deficiency of lysosome-associated membrane protein
2 (LAMP2).'2732 The etiological diagnosis of this group of
diseases is essential due to the possibility of specific treatment,
requiring a multidisciplinary approach.?3%44
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Noonan syndrome is the main genetic cause of HCM in
children under one year and is accompanied by a high risk
of early mortality.">?

Genetic evaluation consists of a systematic approach,
including a detailed family history analysis (STEP 1), genetic
counseling, and specific genetic tests when indicated."*

The clinical geneticist rules out syndromic conditions
and indicates which genetic tests should be requested. It
is essential to understand the ethical and legal aspects that
vary in each country and the psychosocial impacts that may
be generated. Thus, these issues should be discussed during
counseling, where the geneticist will also indicate which
family members would be at risk of developing the disease,
guiding the cascade of clinical and genetic screening of these
relatives. The current consensus recommends that genetic
investigation be performed on children and adults diagnosed
with cardiomyopathy.?”4>-49

Genetic tests

During genetic counseling, the family is informed of the
possible results of this investigation: (1) conclusive result,
where a pathogenic or probably pathogenic variant is found
that justifies the phenotype in question; (2) negative result,
where no variant is detected that justifies the cardiomyopathy,
or (3) inconclusive result, where an identified variant is
classified as a variant of uncertain significance (VUS). In this
case, it is important to continue monitoring and reassessing
the pathogenic potential of the variant in the future."#2°%°7 [t is
essential that the interpretation of these findings be performed
by a professional with training in cardiogenetics.

The likelihood of a positive genetic test result depends
not only on the type of cardiomyopathy being evaluated but
also on specific clinical features that may suggest associated
diseases, such as muscular dystrophies. Thus, the positivity rate
of genetic testing can range from 60% to 70% for HCM, 30%
to 40% for DCM, and 50% to 60% for arrhythmogenic right
ventricular cardiomyopathy in adult patients.>* In pediatric
cardiomyopathies, the determination of genetic etiology
occurs in approximately 32% to 39% of cases.®>

Most cardiomyopathies involve monogenic alterations, and
next-generation genetic sequencing (NGS) is recommended.
Specific panels are available for certain phenotypes. These
tests are indicated for individuals who present a well-defined
and isolated phenotype of cardiomyopathy. However, in cases
of multisystem involvement, dysmorphisms or suspected
syndromic cardiomyopathy, complete exome analysis is
recommended. The Sanger technique is used for investigating
already identified variants in family genetic screening cases.**°0>¢

Rarely, chromosomal alterations may be associated with
cardiomyopathies, such as Pallister-Killian syndrome, a 12p
tetrasomy that may occur with HCM, and RCM with an
anomaly of chromosome 6. In these cases, the preferred
diagnostic test is the peripheral blood karyotype.>>*

The high cost of genetic tests and the need for professionals
trained in cardiogenetics to indicate and adequately interpret
the results limit their use. Moreover, with the widespread
use of the exome, secondary or incidental findings can be

detected that are not related to the cardiovascular disease being
investigated, such as pathogenic variants in genes related to the
development of cancer. Itis crucial to inform patients about the
potential outcomes of genetic testing beforehand, and patients
must consent to receive or decline such results.”'

Family screening

This process involves evaluating individuals from the
proband’s family, whether they exhibit clinical symptoms
or not, due to a family history of a previously defined
cardiomyopathy. Those with an autosomal dominant
inheritance pattern have a 50% chance of transmitting the
variant to their children.?”2057

Clinical screening is advised for all first-degree relatives
who are at risk of developing cardiomyopathy, even if they are
asymptomatic. Therefore, an evaluation including anamnesis,
physical examination, electrocardiogram and color Doppler
ultrasound should be performed the identify the phenotype.
The Heart Failure Society of America recommends annual
clinical screening for children up to age 5, screening every 1
to 2 years for children aged 6 to 12, and screening every 1 to 3
years for adolescents aged 13 to 19. Screening should continue
into adulthood, with regular evaluations every 3 to 5 years.*

Genetic Screening: once a pathogenic variant is identified,
it can be further investigated through cascade screening in
first-degree relatives. If the variant is detected, the individual
should continue clinical evaluations to identify the phenotype
and undergo genetic counseling. A positive genotype does
not guarantee clinical manifestation of cardiomyopathy, as
penetrance can vary, and different phenotypes can arise
from the same variant, illustrating variable expressivity. If
the variant is not identified in the studied relatives, there
is no need to maintain phenotypic screening with routine
cardiovascular exams.37507

Parents and guardians often express concerns about
potential stigma, discrimination, and psychological impact on
their children if they test positive for a family genetic variant.
However, the benefits of knowing the genotype are significant
and include identifying children who require cardiac care,
providing guidance on participation in sports activities, and
reducing anxiety when the test results are negative.***758

Step 3

At this stage, the morphofunctional phenotype and etiology
are already defined. Based on this information, the MOGE(S)
classification can be employed."?

Step 4

Next, prognosis determination is essential. This varies
and is directly related to phenotype, genotype, patient age,
presence of cardiac arrhythmias, elevation of biomarkers, and
functional class."*3

DCS has a poor prognosis, with approximately 30% of
patients dying or requiring heart transplantation within three
years of the disease due to advanced HF or arrhythmias.?343
Studies indicate that age at diagnosis (under 1 year and over

Arq Bras Cardiol. 2024; 121(9):e20230154
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12 years), changes in LV systolic and diastolic functions,
and LV end-diastolic diameter are predictors of disease
progression, adverse events, heart transplantation, and death.
Increased NT-proBNP/BNP levels are also associated with
worse outcomes.?>#24459¢1 Survival without the need for heart
transplantation can range from 60% to 75% within 5 years after
diagnosis.”*3* One third of patients can recover ventricular
function, occurring more frequently in patients with biopsy-
proven myocarditis, with smaller LV end-diastolic dimension
and thicker septal wall. DCM is the primary indication for heart
transplantation in children, with a favorable survival rate of
94% in the first year post-transplantation. 273962

HCM has a poorer prognosis in children during the first
year of life, particularly when caused by inborn errors of
metabolism and malformation syndromes."?7% The presence
of malnutrition and HF at diagnosis worsens the prognosis,
as evidenced by data from the North American Pediatric
Cardiomyopathy Registry.®*

Survival rates among patients with HCM may vary
depending on the underlying etiology. The lowest rates are
associated with inborn errors of metabolism (42% at 5 years),
followed by malformation syndromes (74%). When the
diagnosis is made after one year of age, and the cause is not
determined, survival reaches 94% at five years.?7

The main cause of death in children with HCM is SD,
which is more common than in adults.64 The main risk factors
associated with SD are unexplained syncope, maximum LV
wall thickness, LA diameter, LV outflow tract gradient, and non-
sustained ventricular tachycardia. A family history of SD does not
appear to be associated with an increased risk in childhood.*>¢

Data from the ShaRe (The Sarcomeric Human
Cardiomyopathy Registry) study revealed that the presence
of sarcomeric variants in children with HCM increases the
risk of developing ventricular arrhythmias and necessitating
advanced HF treatment. It is associated with a 67%
high risk of cardiac outcomes, with a two-fold increased
risk of developing HE.®” Variants in the MYBPC3 and
MYH?7 genes are related to malignant arrhythmias.®* Risk
calculators for the pediatric population are being validated
for use in children under 16 years of age (HCM Risk-Kids
https://hcmriskkids.org/).2¢¢¢

Patients with the restrictive cardiomyopathy (RCM)
phenotype are characterized by the worst prognosis among
all cardiomyopathies. The 5-year survival rate is 68%, and the
occurrence of HF and reduced shortening fraction complicate
the prognosis. They are generally referred to heart transplant
programs early."7

In NCCM, prognosis is more closely associated with clinical
presentation than with phenotype. Asymptomatic patients with
isolated phenotypes of NCCM have better outcomes. 274168

Step 5

In this final stage, we should explore available treatments
for pediatric cardiomyopathies, considering the application
of precision medicine.

Individualized patient and family treatment becomes
feasible following confirmation of the phenotype. For patients
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diagnosed with HCM and arrhythmogenic cardiomyopathy,
competitive physical activities are restricted, and consideration
for implantable cardioverter defibrillator (ICD) placement
as primary prevention against sudden death is warranted.
Identifying the patient’s genotype and its correlation with the
natural history and progression of the disease enables crucial
therapeutic decisions, such as prioritizing heart transplantation
or initiating enzyme replacement therapy (ERT)."67:29:32.20

Several IEMs are now treatable with therapeutic strategies
targeting their pathophysiology, thus offering the potential for
cardiomyopathy reversal in certain cases.>”?3*2 In systemic
carnitine deficiency, for example, replacing high doses of
carnitine improves DCM.*

The development of specific therapies has progressed
due to advances in clinical research. ERT performed
in Pompe disease improves myocardial hypertrophy;
the earlier specific treatment is initiated, the better the
results.>”2>32 Other lysosomal storage diseases associated with
cardiomyopathy, including Gaucher disease, Fabry disease,
and mucopolysaccharidosis 1, Il, IV, and VI, are treated with
ERT or bone marrow transplantation with good results. ERT has
also been successfully used for the PRKAG2 mutation.”3238:69

Early initiation of ICD therapy may be advantageous
when mutations in high-risk genes such as DES, SCN5A,
FINC, and LMNA are identified. This is crucial as SD could
potentially manifest as the initial symptom before the onset
of cardiomyopathy. =

The decision to implant an ICD is still a challenge among
pediatric patients. There is a risk calculator available (HCM
Risk-Kids https://hcmriskkids.org/) that can help in the
individualized assessment of these patients.?¢

Myosin modulators are a new class of pharmaceutical agents
under development aimed at treating patients with a variety of
cardiomyopathies. A strategy to decrease the myosin ATPase
rate has recently proven to be effective for the treatment of
obstructive HCM in adult patients, the drug mavacamten.”®”"

Gene therapy aims to treat the etiology at the molecular level.
Bains et al.”? recently published a review on its application in
monogenic cardiovascular diseases, including cardiomyopathies.
Gene editing, silencing and replacement are also possible.

Gene replacement therapy has therapeutic applications
when there is a variant with function loss. Thus, the objective is
to introduce the functioning gene into the cell through a vector,
usually adenovirus. Currently, a clinical trial is testing this type
of treatment for cardiomyopathy caused by a pathogenic
variant in LAMP2, indicative of Danon disease. Mutations
in FLNC, MYBPC3, TTN, DSP. PKPs, BAG3 and LMNA are
potential examples to which this therapy could be applied.”"

Gene silencing therapy aims to reduce the expression
of a gene containing a pathogenic variant that leads to the
production of an altered protein. Specific treatments for
Duchenne muscular dystrophy and transthyretin amyloidosis
(ATTR) have produced promising results.””?

Gene editing occurs using CRISPR-Cas9 technology,
enabling targeted DNA cleavage at a precise location in the
genome, determined by the unique sequence of a guide RNA,
correcting the mutation present in the gene.”
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Advances in translational and precision medicine enable
the treatment of cardiomyopathies very closely to the genetic
etiology, correcting the cause or cellular functional alterations.
These therapies have promising applications; however, they
are still expensive, which limits their use.”>7°

Conclusion

Cardiomyopathies diagnosed during childhood and
adolescence form a highly intricate group characterized by
diverse etiologies, phenotypes, clinical presentations, and
prognoses. A systematic approach is crucial to standardize
clinical assessment, thereby ensuring identification of the
morphofunctional phenotype, thorough investigation into the
etiology using available methods, accurate patient classification
for prognosis determination, and personalized application of
current therapies tailored to each case.

This structured approach underscores the significance of
understanding etiology in shaping personalized treatment
plans, ultimately leading to improved prognostic outcomes.
Thus, we have developed a systematic five-step approach that
integrates the MOGE(S) classification, emphasizing the pivotal
role of clinical geneticists.

Exploring the impact of integrating genetic testing for
cardiomyopathies within the Brazilian Unified Health
System (SUS) has the potential to significantly advance
patient care. Therefore, ongoing clinical research in this
field remains essential.

References

1. LipshultzSE, Law YM, Asante-KorangA, Austin ED, Dipchand Al, Everitt MD, etal.
Cardiomyopathy in Children: Classification and Diagnosis: A Scientific Statement
from the American Heart Association. Circulation. 2019;140(1):€9-e68. doi:
10.1161/CIR.0000000000000682.

2. De Angelis G, Bobbo M, Paldino A, Mottolese B, Altinier A, Dal Ferro
M, et al. Cardiomyopathies in Children: Classification, Diagnosis and
Treatment. Curr Opin Organ Transplant. 2020;25(3):218-30. doi: 10.1097/
MOT.0000000000000755.

3. RathA, Weintraub R. Overview of Cardiomyopathiesin Childhood. Front Pedliatr.
2021;9:708732. doi: 10.3389/fped.2021.708732.

4. Amdani S, Marino BS, Rossano J, Lopez R, Schold JD, Tang WHW. Burden of
Pediatric Heart Failure in the United States. ) Am Coll Cardiol. 2022;79(19):1917-
28.doi: 10.1016/j.jacc.2022.03.336.

5. Wilkinson D, Landy DC, Colan SD, Towbin JA, Sleeper LA, Orav EJ, etal. The
Pediatric Cardiomyopathy Registry and Heart Failure: Key Results from the First
15 Years. Heart Fail Clin. 2010;6(4):401-13. doi: 10.1016/j.hfc.2010.05.002.

6. Vasilescu C, Ojala TH, Brilhante V, Ojanen S, Hinterding HM, Palin E, et al.
Genetic Basis of Severe Childhood-onset Cardiomyopathies. | Am Coll Cardiol.
2018;72(19):2324-38. doi: 10.1016/j.jacc.2018.08.2171.

7. Lee TM, Hsu DT, Kantor P, Towbin JA, Ware SM, Colan SD, et al. Pediatric
Cardiomyopathies. Circ Res. 2017;121(7):855-73. doi: 10.1161/
CIRCRESAHA.116.309386.

8.  Baessato F, Romeo C, Rabbat MG, Pontone G, Meierhofer C. AComprehensive
Assessment of Cardiomyopathies Through Cardiovascular Magnetic Resonance:
Focus on the Pediatric Population. Diagnostics (Basel). 2022;12(5):1022. doi:
10.3390/diagnostics12051022.

Author Contributions

Conception and design of the research and Critical revision
of the manuscript for content: Torbey AF, Couto RGT, Grippa
A, Mesquita ET; Acquisition of data: Torbey AF, Couto RGT,
Grippa A, Maia EC, Miranda SA, Santos MAC, Peres ET, Costa
OPS, Oliveira EM; Analysis and interpretation of the data:
Torbey AF, Couto RGT, Grippa A; Writing of the manuscript:
Torbey AF, Couto RGT, Grippa A, Maia EC, Miranda SA, Santos
MAC, Peres ET, Costa OPS, Oliveira EM, Mesquita ET.

Potential conflict of interest

Dr. Evandro Tinoco Mesquita - Received fees for lectures
from Pfizer e BMS. Dra. Aurea Grippa - Received fees for
lectures from Astra Zeneca.

Sources of funding
There were no external funding sources for this study.

Study association

This article is part of the thesis of doctoral submitted by
Ana Flavia Malheiros Torbey, from Programa de Ciéncias
Cardiovasculares da Universidade Federal Fluminense

Ethics approval and consent to participate

This article does not contain any studies with human
participants or animals performed by any of the authors.

9. Arbustini E, Narula N, Dec GW, Reddy KS, Greenberg B, Kushwaha S, et al.
The MOGE(S) Classification for a Phenotype-genotype Nomenclature of
Cardiomyopathy: Endorsed by the World Heart Federation. ] Am Coll Cardiol.
2013;62(22):2046-72. doi: 10.1016/j.jacc.2013.08.1644.

10. Maron BJ. The 2006 American Heart Association Classification of
Cardiomyopathies is the Gold Standard. Circ Heart Fail. 2008;1(1):72-6. doi:
10.1161/CIRCHEARTFAILURE.108.770826.

11. SalemiVMC, Mohty D, Altavila SLL, Melo MDT, Kalil R Filho, Bocchi EA. Insights
Into the Classification of Cardiomyopathies: Past, Present, and Future Directions.
Clinics. 2021;76:2808. doi: 10.6061/clinics/2021/e2808.

12. Elliott P Andersson B, Arbustini E, Bilinska Z, Cecchi F, Charron P, et al.
Classification of the Cardiomyopathies: A Position Statement from the European
Society of Cardiology Working Group on Myocardial and Pericardial Diseases.
Eur Heart ). 2008;29(2):270-6. doi: 10.1093/eurheartj/ehm342.

13. Konta L, Franklin RC, Kaski JP Nomenclature and Systems of Classification for
Cardiomyopathy in Children. Cardiol Young. 2015;25(Suppl 2):31-42. doi:
10.1017/S1047951115001201.

14. Nugent AW, Daubeney PE, Chondros P, Carlin JB, Colan SD, Cheung M, et al.
Clinical Features and Outcomes of Childhood Hypertrophic Cardiomyopathy:
Results from a National Population-based Study. Circulation. 2005;112(9):1332-
8.doi: 10.1161/CIRCULATIONAHA.104.530303.

15. Arola A, Jokinen E, Ruuskanen O, Saraste M, Pesonen E, Kuusela AL, et al.
Epidemiology of Idiopathic Cardiomyopathies in Children and Adolescents.
A Nationwide Study in Finland. Am J Epidemiol. 1997;146(5):385-93. doi:
10.1093/oxfordjournals.aje.a009291.

16. Colan SD, Lipshultz SE, Lowe AM, Sleeper LA, Messere J, Cox GF, et al.
Epidemiology and Cause-specific Outcome of Hypertrophic Cardiomyopathy

Arq Bras Cardiol. 2024; 121(9):e20230154



Torbey et al.
Miocardiopatias em Criancas e Adolescentes

Review Article

17.

18.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

in Children: Findings from the Pediatric Cardiomyopathy Registry. Circulation.
2007;115(6):773-81. doi: 10.1161/CIRCULATIONAHA.106.621185.

Huertas-Quiiones VM, Mestra CF, Pefia-Trujillo V, Gallo-Bernal S, Villaveces M,
Alarcén-Forero LC. Paediatric Cardiomyopathies: Echocardiographic Diagnosis,
Clinical Profile, and Demographic Characteristics: The Experience of a Tertiary
Referral Centre for Latin American Paediatric Cardiology. Cardiol Young.
2020;30(4):462-7.doi: 10.1017/S1047951120000281.

Rede Nacional de Gendmica Cardiovascular [Internet]. Sdo Paulo: Renomica;
2022 [cited 2022 Sep 22]. Available from: https:/Awww.renomica.org.br/.

. Shaddy RE, George AT, Jaecklin T, Lochlainn EN, Thakur L, Agrawal R, et al.

Systematic Literature Review on the Incidence and Prevalence of Heart Failure
in Children and Adolescents. Pediatr Cardiol. 2018;39(3):415-36. doi: 10.1007/
500246-017-1787-2.

Watanabe K, Shih R. Update of Pediatric Heart Failure. Pediatr Clin North Am.
2020;67(5):889-901. doi: 10.1016/j.pcl.2020.06.004.

Salim TR, Andrade TM, Klein CH, Oliveira GMM. HDI, Technological and
Human Resources in the Diagnosis and Treatment of Malformations of the
Circulatory System in Brazil. Arq Bras Cardiol. 2021;117(1):63-71. doi:
10.36660/abc.20200179.

Salim TR, Soares GP, Klein CH, Oliveira GM. Mortality from Circulatory System
Diseases and Malformations in Children in the State of Rio de Janeiro. Arq Bras
Cardiol. 2016;106(6):464-73. doi: 10.5935/abc.20160069.

Lipshultz SE, Sleeper LA, Towbin JA, Lowe AM, Orav EJ, Cox CF, et al. The
Incidence of Pediatric Cardiomyopathy in Two Regions of the United States. N
Engl) Med. 2003;348(17):1647-55. doi: 10.1056/NEJM0a021715.

Shi WY, Moreno-Betancur M, Nugent AW, Cheung M, Colan S, Turner C,
etal. Long-term Outcomes of Childhood Left Ventricular Noncompaction
Cardiomyopathy: Results from a National Population-based Study. Circulation.
2018;138(4):367-76.doi: 10.1161/CIRCULATIONAHA.117.032262.

Albakri A. Pediatric Cardiomyopathies: A Review of Literature on Clinical Status
and Meta-analysis of Diagnosis and Clinical Management Methods. Pediatr
Dimens. 2018;3(2):1-14. doi: 10.15761/PD.1000169.

Maron BJ, Towbin JA, Thiene G, Antzelevitch C, Corrado D, Arnett D, et
al. Contemporary Definitions and Classification of the Cardiomyopathies:
An American Heart Association Scientific Statement from the Council
on Clinical Cardiology, Heart Failure and Transplantation Committee;
Quality of Care and Outcomes Research and Functional Genomics and
Translational Biology Interdisciplinary Working Groups; and Council on
Epidemiology and Prevention. Circulation. 2006;113(14):1807-16. doi:
10.1161/CIRCULATIONAHA.106.174287.

Azeka E, Jatene MB, Jatene IB, Horowitz ES, Branco KC, Souza JD Neto, et al. |
Guidelines of Heart Failure and Heart Transplantation in the Fetus, in Children
and Adults with Congenital Cardiopathy, The Brazilian Society of Cardiology. Arq
Bras Cardiol. 2014;103(6 Suppl 2):1-126. doi: 10.5935/abc.2014S005.

Monda E, Lioncino M, Pacileo R, Rubino M, Cirillo A, Fusco A, et al.
Advanced Heart Failure in Special Population-pediatric Age. Heart Fail Clin.
2021;17(4):673-83. doi: 10.1016/j.hfc.2021.05.011.

Lodato V, Parlapiano G, Cali F, Silvetti MS, Adorisio R, Armando M, et al.
Cardiomyopathies in Children and Systemic Disorders when is it Useful to
Look beyond the Heart? ] Cardiovasc Dev Dis. 2022;9(2):47. doi: 10.3390/
jcdd9020047.

Choudhry S, Puri K, Denfield SW. An Update on Pediatric Cardiomyopathy.
Curr Treat Options Cardiovasc Med. 2019;21(8):36. doi: 10.1007/s11936-
019-0739-y.

Rapezzi C, Arbustini E, Caforio AL, Charron P, Gimeno-Blanes J, Helio T, et al.
Diagnostic Work-up in Cardiomyopathies: Bridging the Gap between Clinical
Phenotypes and Final Diagnosis. A Position Statement from the ESC Working
Group on Myocardial and Pericardial Diseases. Eur Heart). 2013;34(19):1448-
58. doi: 10.1093/eurheartj/ehs397.

Cox GF. Diagnostic Approaches to Pediatric Cardiomyopathy of Metabolic
Genetic Etiologies and Their Relation to Therapy. Prog Pediatr Cardiol.
2007;24(1):15-25. doi: 10.1016/j.ppedcard.2007.08.013.

Arq Bras Cardiol. 2024; 121(9):e20230154

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

Daubeney PE, Nugent AW, Chondros P, Carlin JB, Colan SD, Cheung M, et al.
Clinical Features and Outcomes of Childhood Dilated Cardiomyopathy: Results
fromaNational Population-based Study. Circulation. 2006;114(24):2671-8. doi:
10.1161/CIRCULATIONAHA.106.635128.

Yuan SM. Cardiomyopathy in the Pediatric Patients. Pediatr Neonatol.
2018;59(2):120-8. doi: 10.1016/j.pedneo.2017.05.003.

Rusconi P, Wilkinson JD, Sleeper LA, Lu M, Cox GF, Towbin JA, et al.
Differences in Presentation and Outcomes between Children with
Familial Dilated Cardiomyopathy and Children with Idiopathic Dilated
Cardiomyopathy: A Report from the Pediatric Cardiomyopathy Registry
Study Group. Circ Heart Fail. 2017;10(2):€002637. doi: 10.1161/
CIRCHEARTFAILURE.115.002637.

Norrish G, Qu C, Field E, Cervi E, Khraiche D, Klaassen S, et al. External Validation
of the HCM Risk-kids Model for Predicting Sudden Cardiac Death in Childhood
Hypertrophic Cardiomyopathy. Eur J Prev Cardiol. 2022;29(4):678-86. doi:
10.1093/eurjpc/zwab181.

Hershberger RE, Givertz MM, Ho CY, Judge DP, Kantor PF, McBride KL, etal.
Genetic Evaluation of Cardiomyopathy-A Heart Failure Society of America
Practice Guideline. J Card Fail. 2018;24(5):281-302. doi: 10.1016/j.
cardfail.2018.03.004.

Lee CL, Lin SP, Niu DM, Lin HY. Fabry Disease and the Effectiveness of
Enzyme Replacement Therapy (ERT) in Left Ventricular Hypertrophy (LVH)
Improvement: A Review and Meta-analysis. Int) Med Sci. 2022;19(1):126-
31.doi: 10.7150/ijms.66448.

Soares P, Rocha G, Pissarra S, Soares H, Lima FF, Costa S, et al. Neonatal
Dilated Cardiomyopathy. Rev Port Cardiol. 2017;36(3):201-14. doi:
10.1016/j.repc.2016.10.007.

Dorobantu DM, Wadey CA, Amir NH, Stuart AG, Williams CA, Pieles GE.
The Role of Speckle Tracking Echocardiography in the Evaluation of Common
Inherited Cardiomyopathies in Children and Adolescents: A Systematic Review.
Diagnostics. 2021;11(4):635. doi: 10.3390/diagnostics11040635.

Rohde S, Muslem R, Kaya E, Dalinghaus M, van Waning )1, Majoor-Krakauer D,
etal. State-of-the Art Review: Noncompaction Cardiomyopathy in Pediatric
Patients. Heart Fail Rev. 2022;27(1):15-28. doi: 10.1007/510741-021-10089-7.

Hershberger RE, Lindenfeld J, Mestroni L, Seidman CE, Taylor MR, Towbin
JA, etal. Genetic Evaluation of Cardiomyopathy--a Heart Failure Society of
America Practice Guideline. J Card Fail. 2009;15(2):83-97. doi: 10.1016/j.
cardfail.2009.01.006.

Bariani R, Rigato I, Cason M, Marinas MB, Celeghin R, Pilichou K, et al.
Genetic Background and Clinical Features in Arrhythmogenic Left Ventricular
Cardiomyopathy: A Systematic Review. ] Clin Med. 2022;11(15):4313. doi:
10.3390/jcm11154313.

Badertscher A, Bauersfeld U, Arbenz U, Baumgartner MR, Schinzel A, Balmer
C. Cardiomyopathy in Newborns and Infants: A Broad Spectrum of Aetiologies
and Poor Prognosis. Acta Paediatr. 2008;97(11):1523-8. doi: 10.1111/j.1651-
2227.2008.00957 x.

AleksovaN, Rutberg), Green M, Haddad H. Genetic Testingin Cardiomyopathies:
An Update on Indications and Benefits. Curr Opin Cardiol. 2017;32(2):189-95.
doi: 10.1097/HCO.0000000000000362.

Shah LL, Daack-Hirsch S. Family Communication About Genetic Risk of
Hereditary Cardiomyopathies and Arrhythmias: An Integrative Review. ] Genet
Couns. 2018;27(5):1022-39. doi: 10.1007/s10897-018-0225-9.

Clarke AJ, Wallgren-Pettersson C. Ethics in Genetic Counselling. ] Community
Genet. 2019;10(1):3-33. doi: 10.1007/s12687-018-0371-7.

Ware SM, Wilkinson JD, Tariq M, Schubert JA, Sridhar A, Colan SD, et al.
Genetic Causes of Cardiomyopathy in Children: First Results from the Pediatric
Cardiomyopathy Genes Study. ] Am Heart Assoc. 2021;10(9):e017731. doi:
10.1161/AHA.120.017731.

Ackerman M], Priori SG, Willems S, Berul C, Brugada R, Calkins H, etal. HRS/
EHRA Expert Consensus Statement on the State of Genetic Testing for the
Channelopathies and Cardiomyopathies this Document was Developed as
a Partnership between the Heart Rhythm Society (HRS) and the European



Torbey et al.
Miocardiopatias em Criangas e Adolescentes

Review Article

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

Heart Rhythm Association (EHRA). Heart Rhythm. 2011;8(8):1308-39. doi:
10.1016/j.hrthm.2011.05.020.

Landstrom AP, Kim JJ, Gelb BD, Helm BM, Kannankeril PJ, Semsarian C, et al.
Genetic Testing for Heritable Cardiovascular Diseases in Pediatric Patients: A
Scientific Statement from the American Heart Association. Circ Genom Precis
Med. 2021;14(5):e000086. doi: 10.1161/HCG.0000000000000086.

Arbustini E, Behr ER, Carrier L, van Duijn C, Evans P Favalli V, etal. Interpretation
and Actionability of Genetic Variants in Cardiomyopathies: A Position Statement
from the European Society of Cardiology Council on Cardiovascular Genomics.
Eur Heart). 2022;43(20):1901-16. doi: 10.1093/eurheartj/ehab895.

Cresci'S, PereiraNL, Ahmad F, BykuM, De Las Fuentes L, Lanfear DE, etal. Heart
Failure in the Era of Precision Medicine: A Scientific Statement from the American
Heart Association. Circ Genom Precis Med. 2019;12(10):458-85. doi: 10.1161/
HCG.0000000000000058.

Ware SM, Bhatnagar S, Dexheimer PJ, Wilkinson JD, Sridhar A, Fan X, et al.
The Genetic Architecture of Pediatric Cardiomyopathy. Am J Hum Genet.
2022;109(2):282-98. doi: 10.1016/j.ajhg.2021.12.006.

Teekakirikul P, Kelly MA, Rehm HL, Lakdawala NK, Funke BH. Inherited
Cardiomyopathies: Molecular Genetics and Clinical Genetic Testing in
the Postgenomic Era. J Mol Diagn. 2013;15(2):158-70. doi: 10.1016/j.
jmoldx.2012.09.002.

Trevisan P, Rosa RFM, Koshiyama DB, Zen TD, Paskulin GA, Zen PRG. Congenital
Heart Disease and Chromossomopathies Detected by the Karyotype. Rev Paul
Pediatr 2014;32(2):262-71. doi: 10.1590/0103-0582201432213213.

Sunkak S, Kiraz A, Argun M, Erdogan I. Restrictive Cardiomyopathy with Ring
Chromosome 6 Anomaly in a Child. Anatol ) Cardiol. 2021;25(10):745-6. doi:
10.5152/Anatol)Cardiol.2021.80820.

Christian S, Welsh A, Yetman J, Birch P, Bartels K, Burnell L, et al. Development
and Evaluation of Decision Aids to Guide Families’ Predictive Testing Choices
for Children at Risk for Arrhythmia or Cardiomyopathy. Can J Cardiol.
2021;37(10):1586-92. doi: 10.1016/j.cjca.2021.05.018.

Geelen E, van Hoyweghen I, Doevendans PA, Marcelis CL, Horstman K.
Constructing “Best Interests”: Genetic Testing of Children in Families with
Hypertrophic Cardiomyopathy. Am ] Med GenetA. 2011;155A(8):1930-8.
doi: 10.1002/ajmg.a.34107.

Molina KM, Shrader P, Colan SD, Mital S, Margossian R, Sleeper LA, et al.
Predictors of Disease Progression in Pediatric Dilated Cardiomyopathy. Circ Heart
Fail. 2013;6(6):1214-22. doi: 10.1161/CIRCHEARTFAILURE.113.000125.

Tsirka AE, Trinkaus K, Chen SC, Lipshultz SE, Towbin JA, Colan SD, et al.
Improved Outcomes of Pediatric Dilated Cardiomyopathy with Utilization of
Heart Transplantation. ] Am Coll Cardiol. 2004;44(2):391-7. doi: 10.1016/j.
jacc.2004.04.035.

Singh RK;, Canter CE, Shi L, Colan SD, Dodd DA, Everitt MD, etal. Survival without
Cardiac Transplantation Among Children with Dilated Cardiomyopathy. ] Am
Coll Cardiol. 2017;70(21):2663-73. doi: 10.1016/j.jacc.2017.09.1089.

Ciuca C, Ragni L, Hasan T, Balducci A, Angeli E, Prandstraller D, et al.
Dilated Cardiomyopathy in a Pediatric Population: Etiology and Outcome
Predictors - a Single-Center Experience. Future Cardiol. 2019;15(2):95-107.
doi: 10.2217/fca-2018-0030.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

Lipshultz SE, Orav EJ, Wilkinson JD, Towbin JA, Messere JE, Lowe AM, etal. Risk
Stratification at Diagnosis for Children with Hypertrophic Cardiomyopathy:
An Analysis of Data from the Pediatric Cardiomyopathy Registry. Lancet.
2013;382(9908):1889-97. doi: 10.1016/S0140-6736(13)61685-2.

Chan'W, Yang S, WangJ, Tong S, Lin M, Lu P, et al. Clinical Characteristics
and Survival of Children with Hypertrophic Cardiomyopathy in
China: A Multicentre Retrospective Cohort Study. EClinicalMedicine.
2022;49:101466. doi: 10.1016/j.eclinm.2022.101466.

XiaK, Sun D, WangR, Zhang Y. Factors Associated with the risk of Cardiac Death
in Children with Hypertrophic Cardiomyopathy: A Systematic Review and Meta-
analysis. Heart Lung. 2022;52:26-36. doi: 10.1016/j.hrting.2021.11.006.

Norrish G, Ding T, Field E, McLeod K, Ilina M, Stuart G, et al. A Validation Study
of the European Society of Cardiology Guidelines for Risk Stratification of
Sudden Cardiac Death in Childhood Hypertrophic Cardiomyopathy. Europace.
2019;21(10):1559-65. doi: 10.1093/europace/euz118.

Marston NA, Han L, Olivotto |, Day SM, Ashley EA, Michels M, et al.
Clinical Characteristics and Outcomes in Childhood-onset Hypertrophic
Cardiomyopathy. Eur Heart ). 2021;42(20):1988-96. doi: 10.1093/
eurheartj/ehab148.

Torbey AFM, Bustamante ACD, Souza ALG, Brandao CZ, Abdallah LR,
Souza YPDM, et al. Non-compacted Cardiomyopathy in Children and
Adolescents: From the Challenge of Echocardiographic Diagnosis to Clinical
Follow-Up. Arq Bras Cardiol: Imagem Cardiovasc 2021; 34(4): eabc 237. doi:
10.47593/2675-312X/20213404eabc237.

Ware SM. Genetics of Paediatric Cardiomyopathies. Curr Opin Pediatr.
2017;29(5):534-40. doi: 10.1097/MOP0000000000000533.

Day SM, Tardiff JC, Ostap EM. Myosin Modulators: Emerging Approaches
for the Treatment of Cardiomyopathies and Heart Failure. J Clin Invest.
2022;132(5):e148557. doi: 10.1172/JCI148557.

Helms AS, Thompson AD, Day SM. Translation of New and Emerging Therapies
for Genetic Cardiomyopathies. JACC Basic Transl Sci. 2021;7(1):70-83. doi:
10.1016/j.jacbts.2021.07.012.

Bains S, Giudicessi JR, Odening KE, Ackerman M]. State of Gene Therapy for
Monogenic Cardiovascular Diseases. Mayo Clin Proc. 2024;99(4):610-29. doi:
10.1016/j.mayocp.2023.11.003.

Dadson K, Hauck L, Billia F. Molecular Mechanisms in Cardiomyopathy. Clin Sci.
2017;131(13):1375-92. doi: 10.1042/CS20160170.

Maron MS, Rowin EJ, Maron BJ. Editorial Commentary: Hold Your Horses
(and Mice, Rats, and Cats): How Relevant Really are Animal Models of
Hypertrophic Cardiomyopathy? Trends Cardiovasc Med. 2021;31(1):32-3.
doi: 10.1016/j.tcm.2019.12.002.

Gannon MP, Link MS. Phenotypic Variation and Targeted Therapy of
Hypertrophic Cardiomyopathy Using Genetic Animal Models. Trends Cardiovasc
Med. 2021;31(1):20-31. doi: 10.1016/j.tcm.2019.11.009.

Wijnker PJM, van der Velden J. Mutation-specific Pathology and Treatment
of Hypertrophic Cardiomyopathy in Patients, Mouse Models and
Human Engineered Heart Tissue. Biochim Biophys Acta Mol Basis Dis.
2020;1866(8):165774. doi: 10.1016/j.bbadis.2020.165774.

This is an open-access article distributed under the terms of the Creative Commons Attribution License

Arq Bras Cardiol. 2024; 121(9):e20230154


https://creativecommons.org/licenses/by/4.0/

