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Cardiomyopathies in children
Young Mi Hong, MD
Department of Pediatrics, Ewha Womans University School of Medicine, Seoul, Korea 

Cardiomyopathy (CMP) is a heterogeneous disease caused by a functional abnormality of the cardiac 
muscle. CMP is of 2 major types, dilated and hypertrophic, and is further classified as either primary or 
secondary. Secondary CMP is caused by extrinsic factors, including infection, ischemia, hypertension, 
and metabolic disorders. Primary CMP is diagnosed when the extrinsic factors of secondary CMP 
are absent. Furthermore, the World Health Organization, American Heart Association, and European 
Cardiology Association have different systems for clinically classifying primary CMP. Primary CMP 
is rare and associated with a family history of the disease, implying that genetic factors might affect 
its incidence. In addition, the incidence of CMP varies widely according to patient ethnicity. Genetic 
testing plays an important role in the care of patients with CMP and their families because it confirms 
diagnosis, determines the appropriate care for the patient, and possibly affects patient prognosis. The 
diagnosis and genetic identification of CMP in patients’ families allow the possibility to identify novel 
genes that may lead to new treatments. This review focuses on the epidemiology, pathophysiology, 
diagnosis, and treatment of CMP, with the aim of providing pediatricians with insights that may be 
helpful in the early identification and management of idiopathic CMP in children.
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Introduction

An understanding of cardiomyopathy (CMP) is very important, as it is a common 
cause of heart failure in children and the most common indication for heart transplant
ation in children older than 1 year1).

Primary CMP is rare24). In Asia, reports on the incidence of primary CMP in pediatric 
age groups are extremely rare; hence, further research is needed in this area. Among 
Asian countries, Korea is uniquely comprised of a relatively homogeneous ethnic 
group; therefore, a study of the incidence of CMP in Korean children would be especially 
interesting4).

Dilated CMP (DCMP) is the most common form of CMP worldwide and has many 
causes. In 30% to 48% of patients, DCMP is genetically inherited. Moreover, inflamma
tory disorders such as myocarditis, or toxic agents such as medications and alcohol 
can result in DCMP5). Of all the DCMP cases, 20% to 48% have a family history of the 
disease6).

The etiology of hypertrophic CMP (HCMP) in the pediatric population is heterogeneous, 
including inborn metabolism errors, neuromuscular disorders, and malformation syn
dromes. However, most cases of apparently idiopathic HCMP in childhood are caused 
by mutations of cardiac sarcomere protein genes.

In the pediatric population, risk stratification is necessary because most cases of 
HCMP have a family history of the disease. Evaluation of firstdegree relatives and any 
atrisk family members should be a routine component of clinical management7).
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Recent technological developments in genetic studies on 
CMP have elucidated the potential advantage of genetic testing 
in the diagnosis and in understanding the pathogenetic basis 
of inherited CMP7).

Classification of CMP

The World Health Organization (WHO) defines CMP as “a 
disease of the myocardium associated with cardiac dysfunction” 
and classifies it as dilated, hypertrophic, restrictive, arrhythmo
genic right ventricular, or unclassified (Table 1)8).

Some consider this definition by the WHO as inadequate 
to emphasize the complexity of the disease9). Therefore, the 
American Heart Association (AHA) issued a consensus state
ment that revised the WHO’s classification of CMP based on 

genetics, heart structural changes, cellular events, and multiorgan 
involvement10).

Most classify CMP as either primary or secondary. CMP can 
be considered as primary when the disorder is solely or pre
dominantly confined to the heart muscle and has a genetic, 
nongenetic, or acquired etiology. Meanwhile, secondary CMP 
is diagnosed when the disorder involves myocardial damage 
because of a systemic or multiorgan disease11).

The European Society of Cardiology has adopted an alternative 
classification which is similar to the WHO definition in some 
ways but is more clinically orientated12).

Each of the CMP forms is determined by the nature of muscle 
damage. Moreover, CMP may be classified as more than 1 type or 
may change from 1 type to another over time in some pa tients. 
Although the WHO has not formally categorized left ventricular 
noncompaction cardiomyopathy, it is increasingly being iden
tified8).

Incidence

Reports on the incidence of CMP in children are rare. The 
incidence of CMP in different countries has been inconsistent 
owing to the varying research methods used in studies with 
different age groups and study durations (Table 2).

According to a study based on the AHA classification, the 
incidence of CMP between 1998 and 2006 in Korean children 
was 0.28 per 100,000 children younger than 15 years4). The 
point prevalence of primary CMP in Korean children was 2.11 
per 100,000 children on December 31, 2006. DCMP, HCMP, 
restrictive cardiomyopathy (RCMP), and others accounted for 
66.4%, 23.5%, 6.5%, and 3.6%, respectively4).

According to the United States (US) Pediatric Cardiomyopathy 
Registry, the annual incidence of CMP was 1.13 per 100,000 
children younger than 18 years13), with DCMP as the most 
common (58%), followed by HCMP (30%). There were relatively 
few cases of RCMP (5%) and arrhythmogenic right ventricular 
cardiomyopathy (ARVC) (5%).

The incidence of CMP in children was 1.24 per 100,000 
children younger than 10 years in Australia14) and 0.65 per 
100,000 children aged 20 years or younger in Finland3).

Table 1. Classification of cardiomyopathy

World Health Organization8)            

  DCMP, HCMP, RCMP, ARVC, unclassified CMP

American Heart Association11)               

  Primary CMP  

    Genetic 

HCMP, ARVC/D, LVNC, glycogen storage disease, conduction defect,        
mitochondrial myopathy, ion channel disorder

    Mixed

      DCMP, restrictive (nonhypertophied or nondilated)    

    Acquired

      Inflammatory (myocarditis), stress-provoked, peripartum, tachycardia-
      induced, infants of insulin dependent diabetic mothers

  Secondary CMP 

European Society of Cardiology12)          

HCMP, DCMP, ARVC, RCMP, unclassified CMP

Familial/genetic

Unidentified gene defect, disease sub-type12)

Nonfamilial/nongenetic

Idiopathic, disease sub-type12)

CMP, cardiomyopathy; DCMP, dilated cardiomyopathy; HCMP, hypertrophic 
cardiomyopathy; RCMP, restrictive cardiomyopathy; ARVC/D, arrhythmogenic 
right ventricular cardiomyopathy/dysplasia; LVNC, left ventricular noncompaction 
cardiomyopathy.

Table 2. Annual incidence of cardiomyopathy (CMP) in children

Author Country Age (yr) Annual incidence (/100,000) Investigation year

Oh et al.4) South Korea <15 0.28 1998-2006

Lipshultz et al.13) United States ≤18 1.13 1996-1999

Nugent et al.14) Australia <10 1.24 1987-1996

Arola et al.3) Finland <20 0.65 1980-1991

The classification of the CMP cases and the patient exclusion criteria varied between studies.
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The incidence of DCMP in Korean children was 0.18 per 
100,000 children4), whereas that in American children was 0.57 
per 100,000 children younger than 18 years15). These findings 
suggest that the incidence of primary CMP is significantly 
lower in Korean children than in other ethnic groups.

The incidence of HCMP in Korean children was 0.07 per 
100,000 children. Epidemiological studies in Finland, Australia, 
and the US revealed that the incidence of new cases of HCMP 
was between 0.24 and 0.47 per 100,000 children3,14,15).

The differences in the incidence of HCMP between these studies 
may reflect the diversity in racial composition and dy namic fluxes 
in the study population, the inclusion of secondary cases of 
HCMP, the influence of family cascade screening, the age group 
under study, and the inclusion of cases identified at the time of 
autopsy. For example, a Korean study on HCMP that included 
only patients younger than 15 years as subjects might have 
excluded a larger proportion of HCMP patients because HCMP 
usually presents during the late adolescent years.

Further studies with a more consistent approach in data collec
tion and an international agreement on a unified classification 
system of CMP are needed.

Causes

1. Familial or genetic causes
Most CMP patients have a family history of the disease; 

hence, CMP is probably genetically transmitted. The genetic 
components are possibly mutations in the DNA spiral, the protein 
structure of many genes5,7).

Current research is being conducted to identify the specific 
genes that cause CMP and to better understand how these genetic 
abnormalities contribute to the disease. However, CMP is a 
complex disease, with multiple diverse genes producing extre
mely variable outcomes7).

Many children with HCMP (50% to 60%) or DCMP (30% 
to 48%) have a family history of the disease16). Recent genetic 
research has indicated that HCMP involves defects in the 
sarcomere genes and that it can be inherited in an autosomal 
dominant manner. However, DCMP involves defects in the cy
toskeleton genes and can be inherited in an autosomal dominant, 
autosomal recessive, or Xlinked manner15).

In the last 20 years, dramatic advances have occurred in the 
understanding of the genetic basis of HCMP. In fact, more than 
450 mutations in 20 sarcomeric and myofilamentrelated pro
teins have been identified as causes of HCMP1719).

2. Acquired causes
The most common cause of acquired CMP is myocarditis5). 

Other causes of acquired CMP include (1) cardiovascular con
ditions (e.g., Kawasaki disease, hypertension, congenital heart 
defect, cardiac transplantation, or surgery), (2) inflammatory 
or infectious diseases, (3) immunological diseases (e.g., human 
immunodeficiency virus), (4) toxin reactions (e.g., drug, alcohol, 
or radiation exposure), (5) obesity or dietary deficiencies, (6) 
connective tissue and autoimmune diseases, and (7) endocrine 
diseases. Persistent heart rhythm problems or problems of the 
coronary arteries, either congenital or acquired, can also lead 
to weakening of the heart5,7).

Of the many causes of CMP, only few are directly treatable; 
therefore, most therapies are aimed at treating the secondary 
effects on the heart.

According to the US Pediatric Cardiomyopathy Registry13), 
CMP can be categorized based on the following specific genetic 
causes of the disease: (1) myocarditis and other viral infections 
(27%), (2) familial inherited CMPs (24%), (3) neuromuscular 
disorders associated with CMP (22%), (4) metabolic disorders 
(16%), and (5) malformation syndromes associated with CMP 
(10%).

3. Neuromuscular diseases
Neuromuscular diseases associated with CMP include those 

that affect the nerves or skeletal muscles. These include muscular 
dystrophies (e.g., Duchenne and Becker muscular dystrophy), 
congenital myopathies, metabolic myopathies, and ataxias (e.g., 
Friedreich ataxia). Almost all of the neuromuscular diseases 
associated with CMP have a genetic basis5,7).

4. Metabolic disorders
Inborn errors of metabolism result in numerous infiltrative 

storage diseases, abnormal energy production, biochemical 
deficiencies, and disorders related to toxic substances accumu
lating in the heart. This category also includes mitochondrial 
abnormalities (e.g., respiratory chain diseases or mitochondrial 
myopathies), Pompe disease, Barth syndrome, and fatty acid 
oxidation defects (carnitine deficiency)5,7).

5. Malformation syndrome
Minor and major physical abnormalities with distinctive 

facial features are common in malformation syndrome cases. 
Malformation syndrome is caused by genetic mutations through 
autosomal dominant, autosomal recessive, or Xlinked recessive 
inheritance. It can also be caused by a chromosomal defect 
where a specific chromosome is deleted or duplicated. The 
Noonan syndrome is the most common malformation syndrome 
associated with pediatric CMP5,7).

6. Idiopathic CMP
In patients without any remarkable family history, the specific 
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cause of heart muscle damage is yet to be known. Research is 
being conducted to classify the remaining “unknown cases” 
and determine whether any common genetic abnormalities are 
involved.

Signs and Symptoms

The symptoms of CMP may differ in every child. Symptoms 
can be absent, mild, or severe. Heart murmurs are not always 
present in children with CMP. Only approximately onethird to 
onehalf of HCMP patients experience heart murmurs, which 
are usually because of ventricular obstruction or leaking in 
1 of the heart valves. Because CMP is not easily detected on 
physical examination, it is often diagnosed in its later stages19).

1. Dilated cardiomyopathy
Infants and children with DCMP generally present with 

signs of congestive heart failure. Tachypnea, labored breathing, 
poor appetite, and slow weight gain are common symptoms in 
infants. In older children, there may be signs of poor exercise 
tolerance and gastrointestinal distress. In more severe cases, pa
tients may experience syncope, arrhythmias, or sudden cardiac 
death5).

Another sign of DCMP is greater dilation and a more spherical 
appearance of the left ventricle than usual, with raised wall 
stress and depressed systolic function. In addition, mitral regur
gitation and ventricular arrhythmias can also develop. In the 
most severe cases, affected individuals present with symptoms 
and signs of heart failure5).

2. Hypertrophic cardiomyopathy
HCMP has a wide range of clinical presentations, from few 

or even no symptoms to serious complications, including heart 
failure and sudden death.

HCMP is considered to be the most common structural 
cause of sudden cardiac death in individuals younger than 35 
years, including competitive athletes. Patients with HCMP can 
experience various symptoms, including chest pain, symptoms 
related to pulmonary congestion, dyspnea, impaired conscious
ness such as syncopal and presyncopal episodes, and palpita
tions20).

In the later stages of HCMP, symptoms similar to DCMP may 
present, such as coughing, abdominal pain, weakness, breathing 
difficulties, and fluid accumulation in the lungs and body.

According to a Korean registry4), the symptoms of DCMP 
at the time of diagnosis include dyspnea, coughing, feeding 
difficulty, dyspnea on exertion (DOE), poor weight gain, and 
syncope; those of HCMP include dyspnea, coughing, feeding 
difficulty, DOE, poor weight gain, and syncope; and those of 

RCMP include dyspnea, coughing, feeding difficulty, DOE, and 
poor weight gain.

Asymptomatic patients with DCMP showed initial signs 
of cardiomegaly, tachypnea, heart murmur, arrhythmia, and 
cyanosis; those with HCMP presented with cardiomegaly, ta
chypnea, heart murmur, arrhythmia, and cyanosis; and those 
with RCMP presented with cardiomegaly, tachypnea, heart 
murmur, arrhythmia, and cyanosis4).

Diagnosis

1. Noninvasive procedures

1) Chest radiography
Chest radiographs often reveal cardiomegaly and increased 

pulmonary vascular markings that are consistent with pul
monary edema5).

2) Electrocardiography
An electrocardiogram (ECG) can reveal sinus tachycardia, 

STT wave changes, Q waves, conduction disease, bundle
branch block, left ventricular hypertrophy (LVH), and ectopy, 
including supraventricular tachycardia, atrial fibrillation, and 
ventricular arrhythmias in DCMP patients2022). Abnormal ECG 
findings are present in 75% to 95% of patients with HCMP20,21).

3) Echocardiography
Echocardiography is the most informative noninvasive test 

for diagnosing and classifying CMP, and determining the 
degree of dysfunction in the heart muscle.

The diagnosis of DCMP is based on the presence of left 
ventricular enlargement and reduced systolic dysfunction 
with an ejection fraction <50% or, more stringently, <45%. 
Echocardiographic findings include left ventricular dilation 
and systolic dysfunction, with or without mitral regurgitation. 
In addition, pericardial effusion, especially in myocarditis and 
heart rhythm irregularities, can be observed5).

Echocardiography in HCMP remains the gold standard for the 
diagnosis of HCMP in children. Left ventricular (LV) wall thickness 
>2 standard deviations above the body surface areacorrected 
mean (z score) is sufficient to make a diagnosis. Hypertrophy 
is defined as >15 mm in adults and >2 zscores in children. 
Traditionally, the pattern of hypertrophy is asymmetric, and it 
affects more than 1 cardiac segment, preferentially affecting 
the anterior interventricular septum20, 23,24). Echocardiography 
is useful in assessing the pattern of hypertrophy, global systolic 
function, diastolic performance, presence and mechanism 
of outflow tract obstruction, atrial dimensions, and valvular 
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function7).
LV outflow tract obstruction is present at rest in 25% to 40% 

of children with HCMP25,26). Early echocardiographic findings 
of abnormal diastolic function indices, including reduced early 
diastolic septal tissue Doppler velocity, prolonged isovolumic 
relaxation times, elevated septal transmitral E/Ea ratio, and 
increased left atrial volume, may precede the onset of LVH in 
children and adolescents2729).

4) Magnetic resonance imaging (MRI)
Recently, MRI is playing an increasing number of roles 

in the management of patients with HCMP7). MRI has been 
shown to be more effective in imaging difficult to visualize LV 
segments, including the LV apex and anterolateral free wall29,30). 
MRI has been shown to more accurately predict the degree of 
LVH than other procedures30,31).

5) Genetic studies
Because CMP can be a symptom of a genetic disorder (e.g., 

mitochondrial disorder, fatty acid oxidation disorder, and 
glycogen storage diseases), certain biochemical, genetic, and 
enzyme deficiency tests should be performed before determining 
the most appropriate medical therapy5).

Genes that cause DCMP generally encode cytoskeletal and 
sarcomeric proteins, although the disturbance of calcium ho
meostasis also appears to be important. However, the causal 
roles of disrupted mitochondrial function and metabolic abnor
malities in pediatric cases should be considered5).

Familial HCMP is a genetically heterogeneous disorder, which 
means that a mutation in more than 1 gene can lead to the same 
condition. There are at least 13 causative genes that have been 
identified to date. They primarily encode sarcomere or sarcomere
related proteins. They include the cardiacmyosin heavy chain, 
myosinbinding protein C, cardiac troponin T, tropomyosin, 
cardiac troponin I, essential and regulatory myosin light chain, 
titin, and actinin2 genes. A single mutation in any of these genes 
will lead to HCMP20). Most recently, multiple muta tions have been 
identified in individuals who appear to develop clinically more 
severe diseases20).

6) Biomarkers
The Btype natriuretic peptide (BNP) and Nterminal probrain 

natriuretic peptide are the most widely used biomarkers. An 
increase in BNP levels is associated with reduced left ventricular 
systolic function, hypertrophy, raised filling pressures, and myo
cardial ischemia. In adults and children, BNP levels can be used 
to differentiate symptoms related to lung disease from those of 
heart failure32).

2. Invasive procedures
Invasive tests are sometimes necessary, especially in ARVC 

cases. These tests require anesthesia and are performed to de
termine the severity of CMP.

1) Radionuclide ventriculography
Recent studies have indicated that radionuclide ventriculo

graphy may be the best tool to diagnose ARVC. It is used to 
assess contraction and filling of the ventricles at rest and with 
exertion.

2) Cardiac catheterization
Angiograms may be obtained to determine heart func tion 

and check for mitral regurgitation. In addition, endomyocardial 
biopsy sampling is another method of defining the cause of the 
disease33). The histological examination of the heart muscle is 
clinically useful to distinguish between disease processes that 
need alternative treatment strategies, such as storage diseases, 
malignancies, sarcoidosis, and hemochromatosis.

Identification of the causative virus by performing polyme
rase chain reaction of its viral genome, using endomyocardial 
biopsy samples, has been useful in establishing the cause of 
acute myocarditis34).

Treatment

1. Medical therapy

1) Dilated cardiomyopathy
Patients with DCMP may be given an angiotensinconverting 

enzyme (ACE) inhibitor or anticongestive medications such as 
captopril, enalapril, and spironolactone.

ACE inhibitor therapy is recommended for nearly all children 
with asymptomatic left ventricular dysfunction35,36).

Diuretics are recommended for children with heart failure 
to achieve euvolemia and minimize congestive symptoms. The 
addition of digoxin is recommended if the child remains sympto
matic. Digoxin is specifically not recommended for children 
with asymptomatic left ventricular dysfunction35).

2) Hypertrophic cardiomyopathy
(1) Affected individuals
Sudden death occurs most commonly in patients with HCMP 

either during or immediately after exercise. Death can also 
occur at rest20).

The following treatment options are currently available 
for HCMP patients: lifestyle modifications such as avoiding 
competitive sports and use of pharmacological agents such as 
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calcium channel blockers, betablockers, and diuretics.
Dualchamber pacing, septal myotomymyectomy, and 

transcoronary alcohol septal ablation of the myocardium are 
prescribed to individuals with significant left ventricular outflow 
tract obstruction who are unresponsive to drug therapy.

However, the most important advancement in the clinical 
management of HCMP is the use of implantable cardioverter 
defibrillator (ICD) therapy to prevent sudden death20). Recent 
studies have shown that ICD therapy is the most definitive form 
of therapy for patients who have a high risk of sudden death, 
easily surpassing empirically based preventative strategies pre
viously used in HCMP, such as amiodarone and betablockers.

(2) Asymptomatic family members
It is strongly recommended that all firstdegree relatives of 

a patient be clinically screened for HCMP. Minimally, this should 
include a physical examination by a cardiologist, ECG, and 
transthoracic echocardiography20).

There is some evidence that betablockade in asymptomatic 
pediatric patients with HCMP is effective in reducing the risk 
of sudden unexpected death. These findings have influenced 
some centers to routinely use betablockers in all patients with 
HCMP, obtaining excellent results37,38). However, it is not clear 
whether the routine use of betablockade in asymptomatic pa
tients with HCMP has any definitive benefit. Calcium chan nel 
blockers are frequently used as an adjunct therapy in symp
tomatic adults with HCMP38).

Diuretics and digoxin are not usually used for HCMP patients 
with ventricular obstruction because these drugs can actually 
worsen the obstruction of blood flow out of the heart. Instead, 
betablockers and calcium channel blockers are frequently 
prescribed to patients with moderate to severe obstruction. Medi
cations such as propranolol and verapamil may be given to reduce 
the outflow obstruction by slowing the heart rate and relaxing 
the heart. Antiarrhythmic medications such as amiodarone 
and disopyramide may be required to reduce the risk of sudden 
cardiac death.

2. Cardiac resynchronization therapy
Use of cardiac resynchronization therapy has expanded the 

therapeutic options for pediatric and adult patients with ad
vanced heart failure and ventricular conduction delay. Cardiac 
resynchronization therapy improves mechanical synchrony, 
which in turn increases left ventricular filling time, decreases 
mitral regurgitation, and reduces septal dyskinesis, which is 
frequently reported in adults5).

3. Device implantation
A pacemaker or defibrillator is used when drugs are not 

effec tive in alleviating obstruction or when dangerous arrhy
thmias need to be regulated. Sudden death accounts for 50% of 

all deaths in children with HCMP. Hence, defibrillators are often 
recommended for children with HCMP, RCMP, and ARVC who 
show evidence of arrhythmias5).

4. Surgical options

1) Myectomy
There is no single proven surgical technique for DCMP in 

children. A septal myectomy is sometimes recommended 
for symptomatic children with obstruction associated with 
HCMP39). The purpose of this surgery is to reduce heart failure 
symptoms related to restricted blood flow from the ventricles 
or severe mitral regurgitation. 

Another surgical technique is the use of ventricular assist 
devices. The use of ventricular assist devices has been shown 
to significantly improve the survival of adults and children 
with endstage DCMP who are awaiting heart transplantation40).

2) Heart transplantation
Heart transplantation is required in some extreme cases. 

Currently, transplants are reserved for patients in the most 
critical condition, such as those needing inotropes and, most 
commonly, mechanical ventilatory and mechanical device 
support5).

CMP is the leading indication for heart transplantation in 
children. Within the first year of diagnosis, approximately 20% 
of infants and children who have symptomatic CMP require 
transplantation. Heart transplantation can eliminate all the 
symptoms of heart failure and greatly improve the survival of 
patients.

5. Additional treatments
The outcomes of patients with DCMP and heart failure have 

greatly improved. However, it has been somewhat problematic 
to improve the outcomes of patients with nonischemic disease. 
Therefore, research in gene therapy41), stemcell therapy42), and 
targeted treatments are being conducted.

Several studies have noted beneficial effects of stemcell 
transplantation in patients who developed depressed left ven
tricular systolic dysfunction after myocardial infarction43).

Long-term prognosis

The CMP type and disease stage should be considered to 
determine the overall longterm prognosis of pediatric patients. 
The 9year survival rate was estimated to be 69.8% in DCMP, 
90.3% in HCMP, 47.2% in RCMP, and 42.0% in other CMP 
patients with ion channelopathy and mitochondrial CMP ac
cording to the Korean registry.4) Echocardiography has impor
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tant implications for prognosis. A high degree of LVH could 
indicate a worse prognosis44,45).

Screening

It is recommended that all firstdegree relatives of a patient 
be screened because CMP can be inherited and can present 
without any signs or symptoms. It is also advisable to screen 
seconddegree relatives. This is strongly recommended if there 
is a family history of sudden infant death or sudden cardiac 
arrest. 

Children with an affected family member but without symp
toms should undergo echocardiography and ECG every 1 to 3 
years before the age of 12 years and then more frequently from 
age 12 to 21 years7,20).

Those who have a family history of CMP may be advised to 
continue screening at least every 5 years throughout their adult 
life20).

The generally accepted practice is that immediate family 
members of patients with HCMP should undergo periodic scree
nings for HCMP, including echocardiography, ECG, history 
taking, and physical examination19). Whether all children need 
to be screened for HCMP before participating in competitive 
athletics is controversial. Nevertheless, the Bethesda guidelines 
recommend universal screening, including historical evaluation 
and physical examination, before participation in competitive 
athletics because of the indolent nature of the disease, hetero
geneity of clinical presentation, and potential for sudden un
expected death during peak exercise46).

Conclusion

The identification of the causes of gene mutations in CMP 
is critical because presymptomatic interventions have been 
shown to prevent morbidity and mortality. Identification of the 
mutated genes has the potential to lead to an understanding 
of the disease, including its etiology, pathophysiology, and 
potential therapy46). Genetic counseling should be regarded 
as an essential part of the genetic testing process and is re
com mended for all patients with HCMP47). Furthermore, as 
already discussed, early diagnosis, treatment, and potential 
risk stratification may result in improved patient survival. 
However, further international studies with a more consistent 
data collection approach for determining disease prevalence 
and an international agreement on a unified classi fication 
system for CMP are needed.
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