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Dilated cardiomyopathy (DCM) is a common cardiac diagnosis in children that may result as a
consequence of diverse genetic and environmental insults. The differential diagnosis remains quite

broad and as a result the approach to diagnosis and management may, at times, be quite difficult. A

cardiomyopathy,
Genetic,
Echocardiography

rigorous work-up can exclude alternative causes of left ventricular (LV) dilation and dysfunction,
identify etiologies that may respond to specific treatments, and guide family screening. Assessment
of myocardial detection of pre-clinical DCM could significantly reduce morbidity and mortality by

allowing early instigation of cardio protective therapy. This review article discusses genetic and
acquired causes of DCM, diagnostic modalities and therapeutic implications in the hope of informing
physicians of a clinical entity that afflicts a substantial number of children worldwide.

Definition:

Dilated cardiomyopathy (DCM) is a myocardial
disorder characterized by a dilated left ventricle (V)
and systolic dysfunction that commonly results in
congestive heart failure (CHF). 1 2 It is the most
common form of cardiomyopathy and cause of
cardiac transplantation in adults and children. In
some cases, right ventricular dysfunction is also
noted and may add to the severity of disease.?

Epidemiology:

Pediatric cardiomyopathy has an annual incidence
of 1.1 to 1.5 per 100,000 in children <18 years old.*
Dilated cardiomyopathy (DCM) and hypertrophic
cardiomyopathy (HCM) are the most common
phenotypes with an annual incidence of 0.57 and
0.47 per 100, 000 children.!'* Restrictive
cardiomyopathy (RCM) has an incidence of 0.03 to
0.04 per 100,000 children and accounts for only 4.5%
of pediatric cardiomyopathies with about 30% of
patients having a mixed phenotype.®

Classification of Pediatric
Cardiomyopathies:

In 1949, Evans® reported on families with
unexplained cardiomegaly, and in 1957, Brigden”

(Cardiovasc. j. 2019; 12(1): 64-74)

first used the term cardiomyopathy (non-coronary
cardiomyopathies) to describe patients with
idiopathic myocardial disease, several of whom had
familial disease. Twenty three years later, a task
force of the World Health Organization (WHO),
chaired by John Goodwin (Figure 1), presented the
first classification of the cardiomyopathies which
was based on the predominant structural and
hemodynamic phenotype that is dilated
cardiomyopathy (DCM), hypertrophic
cardiomyopathy, and restrictive cardiomyopathy
(Fig 2). The 1995 WHO classifications were based
on a combination of morphological (dilated and

Fig.-1: John F. Goodwin (1918-2001).
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hypertrophic), physiological (restrictive), and
etiologic (causes extrinsic to the myocardium, such
as infection, were excluded) characteristics.®

The American College of Cardiology/American Heart
Association classification (Figure 3) and European
Society of Cardiology Classification of
Cardiomyopathies (Figure 4) are shown below.10
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DCM-dilated cardiomyopathy, HCM-hypertrophic
cardiomyopathy, ARVC-Arrhythmogenic right
ventricular cardiomyopathy, LVNC-Left ventricular
non-compaction cardiomyopathy, LQTS-Long Q-T
syndrome, SQTS-Short Q-T syndrome, CVPT-
Catecholaminergic polymorphic ventricular
tachycardia, SUNDS- Sudden unexpected nocturnal
death syndrome.

)

Fig.-2: Dilated cardiomyopathy. A. Schematic of dilated left ventricle, in the absence of valve disease. The
blue area represents a normal left ventricle. The red area represents a dilated ventricle. B. Four-chamber
view of a heart specimen with dilated ventricular cavities (first case of cardiac transplantation in Italy).
C. Histology of the myocardium: myocytolysis with abnormal nuclei and no inflammatory infiltrates.

Haematoxylin—-Eosin stain.
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Fig.-3: American Heart Association Classification of Cardiomyopathies.
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Fig.-4: European Society of Cardiology Classification of Cardiomyopathies.

Causes of DCM:

The most common causes of DCM are myocarditis
and neuromuscular disease. Specific viral
association with neuromuscular disorders (Duchene
or Becker muscular dystrophy) was known in very
few cases. Because the accuracy and availability of
genetic testing has increased, the importance of
genetic mutations in the development of pediatric
cardiomyopathies has become apparent. The study
of pediatric cardiomyopathies offers important
insights into the pathogenesis of myocardial
dysfunction in the absence of confounding
comorbidities common in adults, such as
atherosclerosis, hypertension, renal dysfunction, and
diabetes mellitus. Pediatric cardiomyopathies can
result from coronary artery abnormalities,
tachyarrhythmia, exposure to infection or toxins,

or secondary to other underlying disorders. 1°

DCM Genetics:

The majority of genetic DCM is inherited in an
autosomal dominant pattern with variable
expressivity and penetrance, although specific forms
of autosomal recessive, X-linked recessive, and
mitochondrial inheritance can occur.!:12 De novo
mutations also contribute to genetic cardiomyopathy
and are defined when neither of the biological parents
carries the offspring’s mutation which is exceedingly
rare. 1314 Genetic mutations in the dystrophin gene
have been demonstrated in Duchene muscular
dystrophy and other X-linked forms of DCM,
creating a link between the acquired and genetic
forms of DCM.15:16
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Inflammatory Causes of DCM:

Evidence of viral myocarditis is common in children
with DCM. From registry data, between 35% and
48% of children with DCM who undergo
endomyocardial biopsy have evidence of
myocarditis.1”-1® Parvovirus B19, influenza,
Epstein— Barr, HIV, coxsackie virus, herpes, and
adenovirus have all been identified.1920

Toxic Causes of DCM:

Pediatric DCM can occur after exposure to toxins,
such as anthracycline exposure during
chemotherapy. The mechanism of anthracycline-
induced injury is incompletely understood, but
oxidative stress and reactive oxygen species
activation may play a key role in cell damage.?!
Radiation exposure and genetic polymorphisms have
been associated with a higher frequency of
anthracycline toxicity.22

Neurohormonal Activation in DCM:

The role of neurohormonal activation in the
pathophysiology of chronic heart failure in adults is
well described. The neurohormonal derangements
in pediatric DCM are described in small series and
include elevations in circulating norepinephrine,2?
and activation of the renin-angiotensin system,
decreased aldosterone, and sympathetic nervous
system activation with carvedilol treatment. There
1s some evidence that the cardiac molecular response
to stress in pediatric DCM is distinct from adult
DCM.24

Signs and symptoms of DCM:
Dilated cardiomyopathy can appear along a
spectrum of no symptoms, subtle symptoms or, in
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more severe cases, congestive heart failure (CHF),
which occurs when the heart is unable to pump
blood well enough to meet the body’s needs for oxygen
and nutrients. When only subtle symptoms exist,
infants and young children are sometimes diagnosed
with a viral upper respiratory tract infection or
recurrent “pneumonia” without realizing that a
heart problem is the basis for these symptoms. Older
children and adolescents are less likely to be
diagnosed with viral syndromes and more likely to
present with decreased exercise capacity or easy
fatigability.2?

With CHF, babies and young children will usually
have more noticeable clinical changes such as
irritability, failure to thrive, increased sweating
especially with physical activities, pale color, faster
breathing and/or wheezing. In older children,
congestive heart failure can manifest as difficulty
in breathing and/or coughing, pale color, decreased
urine output and swelling of body, excessive
sweating, and fatigue with minimal activities. Some
patients with DCM caused by viral myocarditis can
have a rapid increase in the number and severity of
CHF symptoms such that within 24-48 hours the
child can become very ill requiring emergency
hospitalization, and occasionally, advanced life
support. Symptoms due to heart rhythm problems
(or arrhythmias, which means irregular, fast or slow
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heart rates) can also be either the first symptom or
a symptom that appears after other symptoms that
led to a diagnosis of DCM. 26:27

Clinical Diagnosis of DCM:

DCM has been defined by the presence of (1)
fractional shortening <25% (>2 SD) or ejection
fraction <45% (>2 SD), and LV end-diastolic
diameter >117% (>2 SD of the predicted value of
112% corrected for age and body surface area),
excluding any known cause of myocardial disease.27
In the context of a familial DCM, these criteria are
used to diagnose the proband in a family.28 Familial
DCM is defined by the presence of (1) €”2 affected
relatives with DCM meeting the above criteria, or
(2) a relative of a DCM patient with unexplained
sudden death before the age of 35 years.26
Interestingly, myocarditis and peripartum
cardiomyopathy can occur in a familial setting and
are believed to have a genetic component.28

Diagnosis of DCM:

Chest X-ray

The chest X-ray typically shows cardiac enlargement
and features of pulmonary venous congestion. Rib
notching in an older child with suspected
cardiomyopathy is more likely to be associated with
Takayasu’s arteritis rather than with coarctation.2?

.

Fig 5: The chest X-ray on the left shows pulmonary edema with characteristic ‘bats-wing’ opacities in
both lung fields. The X-ray on the right was obtained 4 hours later after diuresis. Note the absence of

significant cardiac enlargement.
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Electrocardiography

The electrocardiography (ECG) may yield several
useful clues. The presence of an anomalous coronary
artery from the pulmonary artery may be suspected
if prominent Q waves are seen in V4-6 and aVL.
Often this is associated with ST segment elevation
and T wave inversion. A careful evaluation of
rhythm and P wave morphology is a must in every
patient with suspected cardiomyopathy. Any
longstanding tachyarrhythmia can be associated
with ventricular dysfunction
(tachycardiomyopathy). Typical examples include
ectopic atrial tachycardia (EAT) and permanent
junctional reentrant. 29

Imaging: Echocardiography

To diagnose DCM, LV measurements can be
determined using multiple imaging modalities. M-
mode and 2-dimensional echocardiography are
frequently used to determine LV internal dimensions
in systole and diastole (Fig 7). It was originally
thought that LV dilatation occurs in response to
reduced function. However, in genetic DCM, where
genetic markers make it feasible to monitor LV
dimensions for many years, increased LV
dimensions typically precede detectable reduction
in function. This state of LV enlargement is
recognized as a prodrome to DCM.30
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Imaging: Cardiac Magnetic Resonance

LV chamber dimensions and function, including
strain measurements, are also accurately
determined by cardiac magnetic resonance (CMR)
imaging. Contrast agents, mainly gadolinium, are
used to evaluate fibrosis and therefore provide
additional information on myocardial tissue quality.
In DCM, the degree of fibrosis, marked by delayed
gadolinium enhancement, is a predictor of all cause
mortality and need for future hospitalization.?!

Endomyocardial Biopsy

Endomyocardial biopsy (EMB) has been used to
confirm diagnosis in some forms of DCM although
with improved cardiac imaging, EMB is less
frequently used. In some settings, for example, iron
overload, amyloid, and other infiltrative processes,
myocardial biopsy may still be highly useful. The
complication rates with EMB include perforation
and tamponade at 0.5% cases. EMB has been used
to evaluate myocarditis and in the setting of
unexplained HF.32:33

Noninvasive Arrhythmia Monitoring

DCM is associated with an increased risk for cardiac
arrhythmias and sudden cardiac death (SCD), and
specific genetic DCM subtypes are especially prone
to arrhythmias. 3% Because of increased risk for
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Fig.-6: This electrocardiogram is from a 2-year-old child with severe left ventricular dysfunction, who
was suspected of having dilated cardiomyopathy. The clue to the presence of tachycardia-related
cardiomyopathy is the presence of inverted P waves in leads I1, III, and aVF (arrows). This is an example
of permanent junctional re-entrant tachycardia. The ventricular dysfunction completely improved after

successful radiofrequency ablation.
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Fig.-7: Echocardiogram obtained from apical 4-
chamber view revealing a dilated left ventricle in a
child with idiopathic dilated cardiomyopathy.

SCD, there is need for arrhythmia surveillance to
more appropriately deploy device management,
including pacemakers and implantable cardioverter
defibrillators (ICDs). Symptomatic and even life-
threatening bradycardia and tachycardia may occur
in genetic DCM. Personal history of syncope or near
syncope should be ascertained, and patient
education to increase awareness of symptoms is
needed. Holter monitoring, for its ease, remains a
mainstay using 24- to 48-hour sampling.3>

Metabolic and Genetic Work-up

The large number of possible metabolic conditions
that could result in cardiomyopathy intimidates
most pediatric cardiologists. These conditions are
thought to be very rare, and the tests required to
identify them with a high level of specificity are
thought to be limited and expensive. But a lot of
useful information can be obtained from basic
biochemical tests that could serve as good screening
tests. Blood tests for glucose, lactate, calcium, blood
urea nitro-gen, creatinine, and electrolytes are useful
screening tests. A baseline blood gas analysis should
be obtained to determine the acid—base status, and
the urine should be tested for ketones. Serum
ammonia levels could serve as a screening test for
certain forms of metabolic myopathies Serum
carnitine levels and urinary carnitine excretion
should be performed if facilities exist.?12 Urine for
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organic acids and amino acids is useful if Barth
syndrome is suspected clinically.36

Muscle and Cardiac Enzyme Assays
Creatine phosphokinase (CPK) levels are typically
elevated in dystrophin defect-related DCM. The
diagnosis of dystrophin defect-related DCM is
important for patients and families, especially for
carrier detection. Molecular analysis for dystrophin
mutations and G 4.5 mutations is diagnostic, but
the test is not universally available.?”-%8 In suspected
cases of myocarditis, troponin I and CKMB
estimation are useful.

Viral Studies

Viral culture from blood, urine, or stool has a very
poor diagnostic yield. Similarly, serial antibody titers
are also quite nonspecific.® A positive viral culture
from the myocardium is the diagnostic standard,
but this too has very low sensitivity. Polymerase
chain reaction (PCR) used in conjunction with
standard endomyocardial biopsy appears to enhance
the likelihood of detecting viral genome in the
myocardium of patients with clinical evidence of
myocarditis. Detection of the viral genome often does
not alter the treatment plan. It is therefore difficult
to justify doing this test routinely for children with
DCM.3?

Screening Family Members

With the growing interest for this problem and the
evolution of molecular genetic techniques,
prospective, controlled studies have been performed
by using a systematic screening of the families of
DCM patients regardless of family history. With
this approach, the occurrence of a genetic
transmission can be detected in 20-30% of patients
with DCM. Screening of family members either by
clinical means or by echocardiography is not always
performed. Careful screening of first-degree relatives
of all children with DCM may identify genes that
are specific for our population. 40-41

Treatment of Dilated Cardiomyopathy in
children:

Treatment of DCM in children involves supportive
management of the congestive heart failure and
etiology-specific treatment. Once end-stage heart
failure sets in, options are limited and cardiac
transplantation can be considered if resources
permit. 29
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Management of extreme heart failure and
cardiogenic shock

A proportion of patients with myocarditis present
with cardiogenic shock and are often brought in an
extremely sick state. Cardiogenic shock is an
emergency. The clinician must initiate therapy
before shock irreversibly damages vital organs.
Major objectives in the management are rapid
recognition of shock state and resuscitation,
protection, support, and maintenance of vital organ
function, etiology-specific management,
identification, and correction of aggravating factors
and monitoring of cardiovascular and hemodynamic
response.*2

Supportive Treatment Digoxin and
Diuretics

The use of digoxin in symptomatic childhood DCM
has not been disputed. This is generally safe even
in the presence of myocarditis. Frusemide (0.5-3
mg/Kg/day in 1-3 divided doses) is included as initial
diuretic therapy in almost all symptomatic patients
with DCM because of its efficacy in alleviating
symptoms that result from systemic and pulmonary
venous congestion.2943

Intravenous Inotropes and Vasodilators
Intravenous inotropic support is used to improve
cardiac function and output during episodes of
decompensation. The mainstays of therapy have
been dobutamine and dopamine. 2%:43

Angiotensin-converting Enzyme Inhibitors
The rationale for the use of angiotensin-converting
enzyme (ACE) inhibitors in children with DCM is
reduction of systemic vascular resistance (SVR),
thereby improving LV performance. A reduction of
SVR and increase in cardiac output after
administration of captopril has been shown in
children with DCM. However, unlike in adults,
carefully conducted randomized controlled trials
evaluating long-term survival are not available for
children with ventricular dysfunction. Both captopril
and enalapril are used. The latter has the advantage
of requiring twice-daily dosing. The dose of captopril
varies from 1-4 mg/Kg/day and the dose of enalapril
varies from 0.5-2 mg/Kg/day. Impressive
hemodynamic benefits have been demonstrated with
doses as low as 0.5 mg/Kg of captopril. 2943

Beta-blockers and Carvedilol
The use of a-blockers for DCM 1is counterintuitive
because it could further reduce the already
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diminished ventricular function. However, a-
blockers have been shown to have several beneficial
effects on the failing myocardium. They increase
the a-receptor density of the myocardial cells and
may protect against tachyarrhythmias. Selective
a-blockers such as metoprolol have been used in
children in small studies with documentation of
their feasibility, safety, and efficacy.** Carvedilol is
a new a-blocker with vasodilatory effects as well.
Impressive symptom benefits have been
demonstrated with carvedilol in the adult
population. The dosing, efficacy, and side effects of
carvedilol for the management of heart failure in
children were recently evaluated in a multicenter
study. The average initial dose was 0.08 mg/Kg, up
titrated over a mean of 11.3 weeks to an average
maintenance dose of 0.46 mg/Kg. 4°

The authors concluded that carvedilol does not
significantly improve clinical heart failure outcomes
in children and adolescents with symptomatic
systolic heart failure. Careful dose titration over
several weeks is often done to avoid adverse effects.
Typically, initiation of treatment requires
hospitalization. Side effects, mainly dizziness,
hypotension, and headache, occurred in 54% of
patients but were well tolerated. The authors
concluded that carvedilol as an adjunct to standard
therapy for pediatric heart failure improves
symptoms and LV function. Careful dose titration
over several weeks is often done to avoid adverse
effects. Typically, initiation of treatment requires
hospitalization.*6

Anticoagulation and Aspirin

The rationale for administration of anticoagulation
is to prevent the development of new LV clots or
progression of existing LV clots. Children with DCM
are prone to develop clots in their ventricles because
of stasis of blood in a dilated ventricle. These clots
can embolize and result in strokes. Oral
anticoagulants are effective, but requirements for
frequent blood sampling for prothrombin time/
international normalized ratio (INR) estimation and
limitations in the availability of reliable facilities
for accurate determination of INR have prevented
their universal use. Practices vary from use of
aspirin in all, oral anticoagulants like warfarin for
only those with demonstrable LV clot, and oral
anticoagulants for LV ejection fractions below
arbitrary cutoffs. Warfarin interferes with hepatic
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synthesis of vitamin K—dependent coagulation
factors. It prevents thrombus formation within
cardiac chambers and the venous circulation. A
common practice is to administer modest doses of
anticoagulation to keep INR levels in the 1.5-2
range.2?

‘Etiology-specific’ Treatment: L-carnitine
and Thiamine

The significance of L-carnitine lies in its primary
role of shuttling fatty acids across the mitochondrial
membrane, delivering them for 4-oxidation and the
production of energy (ATP).47 Deficiency of L-
carnitine, depending on severity, results in the
accumulation of lipid in muscle, muscle myopathy,
and weakness and can involve the myocardium.
Carnitine deficiency can be primary, resulting from
a recessively inherited defect in muscle transport of
carnitine, or secondary to decreased availability of
free carnitine with many causes. These secondary
deficiencies can result from decreased dietary intake
(as with total parenteral nutrition [TPN]), decreased
absorption (as with cystic fibrosis), increased loss
(as with dialysis or renal Fanconi syndrome and
increased use), and excretion of esterified (acyl)
carnitine (as with organic aciduria). Primary or
secondary carnitine deficiency syndrome as the only
concomitant entity accompanying DCM is rare. The
drug is expensive, and life-long administration
would require a stronger basis, preferably through
prospective randomized controlled studies.8

Thiamine deficiency was, at one time, widespread
in the developing world as a result of the exclusive
use of polished rice as a staple diet in many Asian
countries. Until recently, thiamine deficiency was
considered to be a disease of historical importance
only in the developed world. However, it is now
realized that a large number of certain populations
may be at high risk for developing this deficiency,
including CHF; therefore, the interest in thiamine
and thiamine deficiency has recently been
reemerging. A number of case reports presented
different cases with CHF secondary to idiopathic
dilated cardiomyopathy, which, despite the optimal
medical management, was progressively worsening,
but dramatically improved after Thiamine
supplementation.49:50

Immunoglobulin
The potential utility of immunoglobulin (Ig) in
myocarditis/DCM was suggested in one uncontrolled
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multicenter study.?! This evidence has not been
compelling enough for most practicing pediatric
cardiologists to routinely administer this expensive
agent. However, IgG apheresis was documented as
a safe and effective method for managing DCM
patients.?2

Immunosuppressive Treatment

While the myocarditis treatment trial conclusively
showed no benefit in the adult population, two small
studies in children have suggested significant
benefit. Because of the potential toxicity of
immunosuppressive treatment, a large controlled
trial of immunosuppression in children with DCM
is warranted. Until clear evidence is available,
immunosuppressive treatment is not generally
recommended.?354

Surgical Options for the Treatment of End-
stage Heart Disease Reduction
Cardiomyoplasty

Reduction ventriculoplasty or the Batista operation
involves partial left ventricle resection and is aimed
at improving the ejection efficiency of the heart by
reducing the ventricular volume and wall stress.?®
International pediatric experience is rather limited.
This procedure may delay the need for trans-
plantation in selected cases. Because of its limited
long-term benefit, it cannot be generally
recommended for children with DCM.56

Assist Devices and Artificial Heart

These are useful options as a ‘bridge to
transplantation procedure’. However, they are
prohibitively expensive. 29

Transplantation

Cardiac transplantation is considered the final
treatment for the symptomatic child with DCM and
severe LV dysfunction that shows no signs of
improvement. Five year survival after cardiac
transplantation varies from 50% to 70%.57 Most
children experience significant improvement in their
lifestyle limiting symptoms. Lifelong surveillance
is required to monitor occurrence of rejection and
infections from immunosuppression and long-term
complications that include cancer lymphoma) and
coronary artery disease in the transplanted donor
heart. 58

Prognosis of Dilated Cardiomyopathy in
children:

Unlike adults with DCM, a significant proportion
of children with DCM may show significant
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improvement with complete clinical and
echocardiographic resolution in a small proportion
of patients. In previous studies, mortality from
pediatric DCM at 5 years after presentation is 33%—
67%.159 found in a study done at the All India
Institute of Medical Sciences. Female sex was the
only multivariate predictor of death in a recent
report of eleven patients with acute fulminant
myocarditis, Aggressive symptomatic management
is warranted, and heart transplantation should be
considered only when maximal supportive therapy
does not lead to improvement. The highest-risk period
for children with DCM is in the first year after
diagnosis, with 26% of patients achieving the end
point of death or transplantation compared with ~1%
per year in subsequent years. Survival is worse for
subjects diagnosed at <4 weeks and >5 years of age,
those with familial cardiomyopathy.60-61

DCM: Perspective in Bangladesh:

The department of Pediatric Cardiology in CMH
Dhaka, Bangladesh has been treating critically ill
children with different spectrum of cardiac problems
since 1998. A lot of DCM cases (around 300 cases)
were managed here very successfully within this
period.

Most of the cases were of idiopathic origin but other
causes were detected as secondary to congenital heart
disease like anomalous left coronary artery from
the pulmonary artery (ALCAPA), critical aortic
stenosis (AS), coarctation of aorta (CoA) and thiamine
and carnitine deficiency. A strong correlation of DCM
was found with neonatal supraventricular
tachycardia (SVT) and these cases are not very
uncommon in neonatal ICUs. Majority of the cases
were due to myocarditis and relation with Coxsackie
virus was also identified in few cases. Several cases
were dramatically improved after introduction of
IVIG and Thiamine. Experience in this institute
instills the importance on etiology oriented
management for better outcome in DCM cases.

Conclusions:

In children, DCM is a diverse disorder with outcomes
that depend largely on cause, age, and heart failure
status at presentation. Most children do not have a
known cause of DCM, which limits the potential for
disease-specific therapies. Management of children
with dilated cardiomyopathy remains difficult but
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recent advances including early introduction of ACE
inhibitors and a-blockers may improve. Early
identification of detectable causes and prompt
management accordingly can save lives of many
debilitated children. In the future implantable left
ventricular assist devices may provide interim
mechanical support, but referral for transplantation
remains the cornerstone of treatment.

Conflict of Interest - None.

References:

1. Akagi T, Benson LN, Lightfoot NE. Natural history of
dilated cardiomyopathy in children. Am Heart J 1991
May. 121(5):1502-6. [Medline].

2.  Andrews RE, Fenton MdJ, Ridout DA, Burch M. New-
onset heart failure due to heart muscle disease in
childhood: a prospective study in the United kingdom
and Ireland. Circulation 2008 Jan 1. 117(1):79-84.
[Medline].

3. Nugent AW, Daubeney PE, Chondros P, Carlin JB,
Cheung M, Wilkinson LC, et al. National Australian
Childhood Cardiomyopathy Study. The epidemiology
of childhood cardiomyopathy in Australia. N Engl J
Med 2003; 348: 1639—1646.

Richardson P, McKenna W, Bristow M, Maisch B,
Mautner B, O’Connell J, et al. Report of the 1995 World
Health Organization/International Society and
Federation of Cardiology Task Force on the Definition
and Classification of Cardiomyopathies. Circulation
1996; 93: 841-842.

5. Lipshultz SE, Sleeper LA, Towbin JA, Lowe AM, Orav
EJ, Cox GF, et al. The incidence of pediatric
cardiomyopathy in two regions of the United States. N
Engl J Med 2003; 348: 1647-1655.

6. Evans W. Familial cardiomegaly. Br Heart J 1949;
11:68-82.

7. Brigden W. Uncommon myocardial diseases: the non-
coronary cardiomyopathies. Lancet 1957; 273: 1243—
1249.

Brandenburg RO, Chazov E, Cherian G, False AO,
Grosgogeat Y, Kawai C, et al. Report of the WHO/ISFC
task force on the definition and classification of
cardiomyopathies. Br Heart J 1980; 44: 672—673.

9. 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 J 2008;
29: 270-276.

10. McKenna WJ, Barry J. Maron, Gaetano Thiene.
Cardiomyopathies: An Overview. Classification,
Epidemiology, and Global Burden of Cardiomyopathies.

Circulation 2006;117:722-730.



Dilated Cardiomyopathy in Paediatric Population

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Kindel SJ, Miller EM, Gupta R, Cripe LH, Hinton RB,
Spicer RL, et al. Pediatric cardiomyopathy: importance
of genetic and metabolic evaluation. J Card Fail 2012;
18: 396-403. doi: 10.1016/j. cardfail.2012.01.017

Bates MG, Bourke JP, Giordano C, d’Amati G, Turnbull
DM, Taylor RW. Cardiac involvement in mitochondrial
DNA disease: clinical spectrum, diagnosis, and
management. Eur Heart J 2012; 33: 3023-3033. doi:
10.1093/eurheartj/ehs275.

Puckelwartz MdJ, Kessler EJ, Kim G, Dewitt MM, Zhang
Y, Earley JU, et al. Nesprin-1 mutations in human and
murine cardiomyopathy. J Mol Coll Cardiol 2010; 48:
600-608.

Lammerding J, Schulze PC, Takahashi T, Kozlov S,
Sullivan T, Kamm RD, et al. Lamin A/C deficiency causes
defective nuclear mechanics and mechanotransduction.
J Clin Invest 2004; 113: 370-378.

Taylor MR, Slavov D, Ku L, et al; Familial
Cardiomyopathy Registry; BEST (Beta-Blocker
Evaluation of Survival Trial) DNA Bank. Prevalence of
desmin mutations in dilated cardiomyopathy.
Circulation 2007; 115: 1244-1251.

Arbustini E, Pilotto A, Repetto A, Grasso M, Negri A,
Diegoli M, et al. Autosomal dominant dilated
cardiomyopathy with atrioventricular block: a lamin A/
C defect-related disease. J Am Coll Cardiol 2002; 39:
981-990.

Gagliardi MG, Fierabracci A, Pilati M, Chinali M,
Bassano C, Saura F, et al. The impact of specific viruses
on clinical outcome in children presenting with acute
heart failure. Int J Mol Sci 2016; 17: 486.

Klugman D, Berger JT, Sable CA, He J, Khandelwal
SG, Slonim AD. Pediatric patients hospitalized with
myocarditis: a multi-institutional analysis. Pediatr
Cardiol 2010; 31: 222-228. doi: 10.1007/s00246-
009-9589-9.

Matsuura H, Ichida F, Saji T, Ogawa S, Waki K, Kaneko
M, et al. Clinical features of acute and fulminant
myocarditis in Children- 2nd Nationwide Survey by
Japanese Society of Pediatric Cardiology and Cardiac
Surgery. Circ J 2016; 80: 2362—-2368. doi: 10.1253/
circj.Cd-16-0234.

Vigneswaran TV, Brown JR, Breuer J, Burch M.
Parvovirus B19 myocarditis in children: an observational
study. Arch Dis Child 2016; 101: 177— 180.

Trachtenberg BH, Landy DC, Franco VI, Henkel JM,
Pearson EdJ, Miller TL, et al. Anthracycline-associated
cardiotoxicity in survivors of childhood cancer. Pediatr
Cardiol 2011; 32: 342-353. doi: 10.1007/s00246-
010-9878-3.

van Dalen EC, van der Pal HJ, Kok WE, Caron HN,
Kremer LC. Clinical heart failure in a cohort of children
treated with anthracyclines: a longterm follow-up study.
Eur J Cancer 2006; 42: 3191-3198. doi: 10.1016/j.
ejca.2006.08.005.

73

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

Nurun Nahar Fatema & Nure Ishrat Nazmi

Ohuchi H, Takasugi H, Ohashi H, Okada Y, Yamada O,
Ono Y, et al. Stratification of pediatric heart failure on
the basis of neurohormonal and cardiac autonomic
nervous activities in patients with congenital heart
disease. Circulation 2003; 108: 2368-2376. doi: 10.1161/
01.

Giardini A, Formigari R, Bronzetti G, Prandstraller D,
Donti A, Bonvicini M, et al. Modulation of
neurohormonal activity after treatment of children in
heart failure with carvedilol. Cardiol Young 2003; 13:
333-336.

John JB, Cron SG, Kung GC, Mott AR. Intracardiac
thrombi in pediatric patients: presentation profiles and
clinical outcomes. Pediatr Cardiol 2007 May-Jun.
28(3):213-220. [Medline].

Pahl E, Sleeper LA, Canter CE, et al. Incidence of and
risk factors for sudden cardiac death in children with
dilated cardiomyopathy a report from the pediatric
cardiomyopathy registry. J Am Coll Cardiol 2012 Feb
7. 59(6):607-615. [Medline].

Rossano JW, Shaddy RE. Heart failure in children:
etiology and treatment. J Pediatr 2014; 165: 228-233.
doi: 10.1016/j.jpeds.2014.04.055

Mestroni L, Maisch B, McKenna WJ, Schwartz K,
Charron P, Rocco C, et al. Guidelines for the study of
familial dilated cardiomyopathies. Collaborative
Research Group of the European Human and Capital
Mobility Project on Familial Dilated Cardiomyopathy.
Eur Heart J 1999; 20: 93—102.

Kumar KR. Management of dilated cardiomyopathy in
children in India. JICC 2000; 1(3):130-141.

Fatkin D. Members of the CSANZ Cardiac Genetic
Diseases Council Writing Group. Guidelines for the
diagnosis and management of familial dilated
cardiomyopathy. Heart Lung Circ 2011; 20: 691-693.

Assomull RG, Prasad SK, Lyne J, Smith G, Burman
ED, Khan M, et al. Cardiovascular magnetic resonance,
fibrosis, and prognosis in dilated cardiomyopathy. / Am
Coll Cardiol 2006; 48: 1977—1985.

Gil KE, Pawlak A, Gil RJ, Frontczak-Baniewicz M, Bil
J. The role of invasive diagnostics and its impact on the
treatment of dilated cardiomyopathy: a systematic
review. Adv Med Sci 2016; 61: 331-343.

Caforio AL, Pankuweit S, Arbustini E, et al. European
Society of Cardiology Working Group on Myocardial
and Pericardial Diseases. Current state of knowledge
on aetiology, diagnosis, management, and therapy of
myocarditis: a position statement of the European
Society of Cardiology Working Group on Myocardial
and Pericardial Diseases. Eur Heart J 2013; 34: 2636—
2648, 2648a.

Felker GM, Thompson RE, Hare JM, Hruban RH,
Clemetson DE, Howard DL, et al. Underlying causes
and long-term survival in patients with initially
unexplained cardiomyopathy. N Engl J Med 2000; 342:
1077-1084.



Cardiovascular Journal

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

Spezzacatene A, Sinagra G, Merlo M, Barbati G, Graw
SL, Brun F, et al. Familial Cardiomyopathy Registry.
Arrhythmogenic phenotype in dilated cardiomyopathy:
natural history and predictors of life-threatening
arrhythmias. J Am Heart Assoc 2015; 4: e002149. doi:
10.1161/JAHA.115.002149.

Barth PG, Wanders RJA, Vreken P. X-linked
cardioskeletal myopathy and neutropenia (Barth
syndrome)—MIM 302060. J Pediatr 1999; 135: 273—
276.

Nigro G, Comi LI, Politano L, et al. The incidence and
evolution of cardiomyopathy in Duchenne muscular
dystrophy. Int J Cardiol 1990; 26:271-2717.

Towbin JA, Hejtmancik F, Brink P, et al. X-linked
cardiomyopathy (XLCM): molecular genetic evidence
of linkage to the Duchenne muscular dystrophy
(dystrophin) gene at the Xp21 locus. Circulation 1993,
87: 1854-1865.

Martin AB, Webber S, Fricker FJ, et al. Acute
myocarditis. Rapid diagnosis by PCR in children.
Circulation 1994; 90: 330-339.

Keeling PJ, Gang G, Smith G, et al. Familial dilated
cardiomyopathy in the United Kingdom. Br Heart J
1995; 73: 417-421.

Michels VV, Moll PP, Miller FA, et al. The frequency of
familial dilated cardiomyopathy in a series of patients
with idiopathic dilated cardiomyopathy. N Engl J Med
1992; 326: 77-82.

Hsu DT, Shaddy R. Advantages, disadvantages and
alternatives to using adult heart failure clinical trials to
guide pediatric heart failure therapy. Prog Pediatr
Cardiol 2016; 43:7-9.

Mestroni L, Krajinovic M, Severini GM, et al. Familial
dilated cardiomyopathy. Br Heart J 1994; 72: 35—41.

Shaddy RE. Beta-blocker therapy in young children
with congestive heart failure under consideration for
heart transplantation. Am Heart J 1998; 136: 19-21.

Bruns LA, Chrisant MK, Lamour JM, et al. Carvedilol
as therapy in pediatric heart failure: an initial
multicenter experience. J Pediatr 2001; 138: 505-511.

Gachara N, Prabhakaran S, Srinivas S, Farzana F,
Krishnan U, Shah MJ. Efficacy and safety of carvedilol
in infants with dilated cardiomyopathy: a preliminary
report. Indian Heart J 2001; 53: 74-78.

Helton E, Darragh R, Francis P, et al. Metabolic aspects
of myocardial disease and a role for L-carnitine in the
treatment of childhood cardiomyopathy. Pediatrics 2000;
105: 1260-70.

Kothari SS, Sharma M. L-carnitine in children with
idiopathic dilated cardiomyopathy. Indian Heart oJ 1998;
50: 59-61.

74

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

Volume 12, No. 1, 2019

Saif MW. Is there a role for thiamine in the management
of congestive heart failure? Southern Med
J 2003; 96: 114— 115.

Mendoza CE, Rodriguez F, Rosenberg DG. Reversal of
refractory congestive heart failure after thiamine
supplementation: report of a case and review of
literature. J Cardiovasc Pharmacol Ther 2003; 8: 313—
316.

McNamara DM,Richard H, Randall C. Starling, William
DG, Evan L, et al. Controlled Trial of Intravenous
Immune Globulin in Recent-Onset Dilated
Cardiomyopathy. Circulation 2001; 103: 2254-2259.

Pokrovsky SN, Ezhov MV, Safarova MS, Saidova MA,
Shitov VN, Afanasieva MI, et al. Ig apheresis for the
treatment of severe DCM patients. Atherosclerosis
Supplements 2013; 14(1): 213-218.

Camargo PR, Snitcowsky R, da Luz PL. Favorable
effects of immunosuppressive therapy in children with
dilated cardiomyopathy and active myocarditis. Pediatr
Cardiol 1995; 16: 61-68.

Kleinert S, Weintraub RG, Wilkinson JL, Chow CW.
Myocarditis in children with dilated cardiomyopathy:
incidence and outcome after dual therapy
immunosuppression. J Heart Lung Transplant 1997,
16: 1248-1254.

Batista RJ. Reduction ventriculoplasty. Z Kardiol 2001,
90: 35-37.

Gradinac S, Jovanovic I, Dukic M, et al. Partial left
ventriculectomy in a two-year-old girl with dilated
cardiomyopathy. J Heart Lung Transplant 1999; 18:
610.

Hosenpud JD, Novick RJ, Breen TdJ, Daily OP. The
registry of the International Society for Heart and Lung
transplantation: eleventh official report, 1994. J Heart
Lung Transplant 1994; 13: 561-570.

Schranz D, Rupp S, Miller M, Schmidt D, Bauer A,
Valeske K, et al. Pulmonary artery banding in infants
and young children with left ventricular dilated
cardiomyopathy: a novel therapeutic strategy before
heart transplantation. J Heart Lung Transplant 2013;
32: 475-481.

Lewis AB, Chabot BS. Outcome of infants and children
with dilated cardiomyopathy. Am J Cardiol 1991; 68:
365-369.

Bruch M, Siddiqui SA, Celermajar DS, et al. Dilated
cardiomyopathy in children; determinants of outcome.
Br Heart J 1994; 72:246-250.

Kumar K, Thatai D, Saxena A, et al. Pediatric dilated
cardiomyopathy (DCM): prognosis in a developing
nation is comparable to developed nations [abstract]. o/
Am Coll Cardiol 1995; 27: 187A.



