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Abstract

Cardiomyopathy is segregated into primary and secondary categories, leading to different phenotypes,
including dilated, hypertrophic, and restrictive patterns. Dilated cardiomyopathy (DCM) is a mixed bag of
heart diseases with the unique features of cardiac dilatation and subnormal to poor myocardial contractility.
Dilated cardiomyopathy in the pediatric age group is generally characterized by unobstructed, dilated, and
contracting left ventricular chamber defects and is associated with heart failure. Other causes include
genetic juvenile-onset cardiomyopathy, drug-induced cardiomyopathy, stress-induced cardiomyopathy,
hemochromatosis, endocrine causes (thyroid disorder and pheochromocytoma), autoimmune diseases, and
nutritional deficiencies (selenium and thiamine). It is characterized by thinning of the left ventricle, a
dilated left ventricle or biventricular dilatation, left ventricular systolic dysfunction, left ventricular diastolic
dysfunction, global hypokinesia, and cardiomegaly (seen on a chest X-ray). Decreased cardiac output leads to
fatigue, cachexia, narrow pulse pressure, dicrotic pulse/hypokinetic pulse, dyspnea, cool extremities,
decreased blood supply to the brain (cognitive dysfunction), and reduced blood supply to the kidney (renal
failure). Left ventricular diastolic dysfunction can result in dyspnea, orthopnea, and paroxysmal nocturnal
dyspnea. Cardiomyopathy can also occur with or without left ventricular dysfunction, as in left ventricular
non-compaction cardiomyopathy (LVNC), which is a rare heart disease occurring due to two (likely)
pathogenic nonsense mutations: DSG2-p.S363X and TBX20-p.D278X. The study of familial forms of LVNC is
helpful for risk prediction and genetic counseling of relatives. Right ventricular chamber failure can be
identified on the electrocardiogram as sinus tachycardia and non-specific ST/T changes. The complications
include arrhythmia (atrial fibrillation) and thromboembolism (left ventricular mural thrombosis). It is of
utmost importance in the field of heart transplantation as the definitive treatment of the disease. Heart
transplantation is now an acceptable treatment option for patients with dilated cardiomyopathy. This short
review highlights different methods for the detection and diagnosis of dilated cardiomyopathy and the
treatment modalities available for the same.
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Introduction And Background

Cardiomyopathies are diseases of the heart that affect the systole, diastole, or both phases of the cardiac
cycle. Cardiomyopathy can be divided into primary (primary is also divided into genetic, mixed, or acquired
types) and secondary categories, which has ultimately led to varied phenotypes that include dilated,
hypertrophic, and restrictive patterns. Based on specific morphological and functional phenotypes,
cardiomyopathies can be clinically classified into dilated cardiomyopathy, hypertrophic cardiomyopathy,
restrictive cardiomyopathy, and arrhythmogenic right ventricular dysplasia, as shown in Table 1.
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Types of dilated cardiomyopathies
Dilated cardiomyopathy
Hypertrophic cardiomyopathy
Restrictive cardiomyopathy

Arrhythmogenic right ventricular dysplasia

TABLE 1: Types of cardiomyopathies

Cardiomyopathies can be classified into four different groups according to different morphological and functional criteria [1].

Most patients have been found to have "pure” forms of the above, which completely adhere to the diagnostic
criteria. However, some patients have an overlap of symptoms with mixed conditions of cardiomyopathies
[1]. In hypertrophic cardiomyopathy (HCM), there is excessive ventricular chamber hypertrophy with smaller
than usual cavity sizes of the ventricles. The contraction ability of the ventricle is seen to be enhanced, but
the filling of the ventricles is impaired secondary to abnormalities in relaxation. Dilated cardiomyopathy
(DCM) denotes a reduced contraction function of the ventricle along with dilatation of the ventricle.
Endocardial fibroelastosis (a condition usually seen in infancy) and cardiomyopathy secondary to
doxorubicin (seen explicitly in children receiving chemotherapy for malignant conditions) have clinical signs
and symptoms related to that dilated heart disease. RCM is characterized by the decreased filling function of
the ventricles during the diastolic phase (usually seen in infiltrative conditions). The contraction function of
the ventricular chambers may be expected, but a marked dilatation of both atria is noticed.

DCM, a myocardial disorder, is recognized as a left ventricle that is dilated and is a frequently occurring type
of cardiomyopathy. It is one of the critical diseases treated by cardiac transplantation in both the pediatric
and adult age groups. It is of utmost importance in the field of heart transplantation as the definitive
treatment of the disease. The utilization of heart transplantation has led to improved survival after the
diagnosis of pediatric DCM. Most of the deaths occur within one year of presentation, which suggests that
most of the patients are not diagnosed until they have an end-stage disease that is not effectively palliated
with the medical therapies used to treat them [2]. If not diagnosed early in life, this disease will become a
global burden all over the world. As shown in a study conducted by Tsirka AE [2], the actual survival of the
children from the time of diagnosis was 90% at one year (82 of 91) and 83% (76 of 91) at five years, which
highlights the importance of early diagnosis of DCM so that appropriate support and treatment could be
provided. At times, right ventricular malfunction is also seen in addition to the usually observed left
ventricular dilatation and malfunction.

This review article highlights the various methods for the detection and treatment of dilated
cardiomyopathy in children.

Review
Epidemiology

DCM is usually due to left ventricular (LV) dilatation. The patient might additionally have right ventricular
dilatation, but it is of no great importance in diagnosing the condition as it can be present in several
conditions, including pulmonary valve stenosis. pulmonary arterial hypertension (PAH) or an atrial septal
defect (ASD). The prevalence of the disease (DCM) is seen in all age groups, races, and ethnicities. In
children, the incidence is around 0.57 per 100,000 population and is usually seen more frequently in boys
than girls, with incidences of 0.66 per 100,000 population and 0.47 per 100,000 population, respectively [3].
Arola et al. reported an incidence of DCM of 0.34 cases per one lakh children per year and a prevalence of 2.6
points per one lakh children in Finland, among a racially uniform group of people [4]. In about 66% of the
cases, the cause is idiopathic. At times, the disease is an accidental finding and is severely underdiagnosed
[4-12]. A considerable number of cases happen to be present in children younger than one year of age: 3.8
points per 1 lakh cases every year [13,14].

Etiology

Cardiomyopathy can be primary or secondary, depending on the etiology. Primary cardiomyopathies can
have a genetic cause, or they can also be acquired. Secondary cardiomyopathies are secondary to systemic or
multiorgan disease causing myocardial damage. At times, it is diagnosed as an incidental finding during the
evaluation of some other associated cardiac disease, usually by two-dimensional echocardiography.
Cardiomyopathies are a frequent cause of inpatient admission in hospitals and are the most typical cause of
the need for heart transplantation procedures in patients of all age groups [15-17]. DCM in the pediatric age
group is generally recognized by unobstructed, dilated, and contracting left ventricle defects and is
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associated with heart failure [18-20]. The usual causes of DCM include inflammation of the myocardium and
neuromuscular disease. Duchen or Becker muscular dystrophies, in which a definite viral association
concerning these neuromuscular disorders was also found in very few cases. The evidence of viral
myocarditis is common in children with DCM parvovirus B19, influenza, Ebstein-Barr virus, human
immunodeficiency virus, coxsackie, herpes, and adenoviruses, which have all been found. Pediatric DCM is
also observed to manifest after exposure to certain toxins, such as anthracyclines, during chemotherapy [20].
The causes are usually indeterminate. There are fewer studies on the pathophysiology of this condition in
the pediatric age group because of the comparatively small patient population and the unique challenges in
separating other types of heart diseases associated with dilation of the ventricle chambers, namely
endocardial fibroelastosis or myocarditis [20-23]. A significant chunk of the cases of genetic DCM was
observed to be inherited in autosomal dominant patterns with variable expressivity and penetrance. There
were also certain specific forms inherited in autosomal recessive, x-linked recessive variants, and
mitochondrial inheritance types, which can account for 20%-48% of cases. It is associated with conditions
like mitral regurgitation and ventricular arrhythmias like atrioventricular nodal blocks, supraventricular
tachycardias, and atrial fibrillation. Despite a deep search for the etiologies of DCM using recent advances,
most of the cases have been designated as idiopathic without the presence of an etiology. With the available
categorization systems, cardiomyopathies in children can also be divided into (a) morphology types (DCM,
HCM, and restrictive cardiomyopathy (RCM)); (b) etiological types (primary or secondary); and (c)
pathological types (ischemic or nonischemic). Different aetiological factors have been highlighted in Figure
1 below.

‘ VIRUS INFECTION | AUTOIMMUNE GENETIC
PROCESS ACTIVATION MUTATIONS

| |

PERSISTENCE OF VIRUS
IN MYOCARDIUM kz:\’nopgA?;l:;I:Ilg STRUCTURAL PROTEIN
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FIGURE 1: Etiological factors causing dilated cardiomyopathy

Myocardial dysfunction can be caused by the persistence of a virus in the myocardium after a viral infection, an
autoimmune process leading to lymphocytic myocarditis, or genetic mutations leading to structural protein
abnormalities (which can further cause electrical abnormalities), leading to myocardial dysfunction that ultimately
causes dilated cardiomyopathy [20,23].

On pathologic examination

Grossly dilating all four chambers of the heart can be identified as a flabby, hypocontracting heart. On
histopathology, a) hypertrophied muscle fibers can be identified, and b) ninja star nuclei (irregular and
hyperchromatic), are seen due to a titin gene mutation. c) box-car nuclei are seen in hypertensive and
atherosclerotic disease; d) Tokotsubo cardiomyopathy; and e) arrhythmogenic cardiomyopathy. Tokotsubo
cardiomyopathy, a type of DCM found in situations of extreme emotional stress (broken heart syndrome), is
characterized by selective left ventricle ballooning in which the neck of the left ventricle becomes narrow
with a round bottom, resembling the Japanese octopus trap (Takotsubo). This cardiomyopathy is more
commonly found (mostly) in elderly females than in males. Troponin-one is elevated, and ST-segment
elevation can be identified on the electrocardiograph (ECG). Arrhythmogenic cardiomyopathy, an autosomal
dominant disorder, is generally characterized by right ventricular dysfunction caused by mutations of
plakoglobin or desmin. Naxos syndrome is arrhythmogenic cardiomyopathy characterized by hyperkeratosis
of the palms and soles.

Clinical features

Patients can present with symptoms of overt heart failure, including sweating, breathlessness, orthopnea,
and decreased exercise tolerance, to name a few. Young children usually show a reduced appetite and
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cachexia. Sinus tachycardia, jugular venous pressure distension, pallor, and hepatomegaly are some of the
clinical signs that can be seen. The late signs include peripheral edema and abdominal distension. At times,
a murmur of mitral regurgitation can be heard. Despite this, clinical signs and symptoms observed in most
children with heart disease include discomfort, weakness, breathlessness after activity, and pain in the
chest. Other commonly found signs and symptoms common to most children with cardiomyopathies include
arrhythmias (which can be an increased or decreased heart rate), inflammation of the innermost layer of the
heart wall known as endocarditis, and congestive heart failure or abrupt death due to cardiac failure. The
hallmarks of the disease include a dilated left ventricle, biventricular dilatation, left ventricular (LV) systolic
dysfunction or thinning of the LV, LV diastolic dysfunction, global hypokinesia, and cardiomegaly. Decreased
cardiac output leads to fatigue, cachexia, narrow pulse pressure, dicrotic pulse/hypokinetic pulse, dyspnea,
cool extremities, reduced blood supply to the brain (cognitive dysfunction), and decreased blood supply to
the kidney (renal failure). LV diastolic dysfunction leads to dyspnea and orthopnea. Right ventricular failure
can be identified on the ECG as sinus tachycardia and non-specific ST/T changes. The complications of
which include arrhythmias (atrial fibrillation) and thromboembolism (LV mural thrombosis), which can
eventually lead to sudden cardiac failure and death. Cardiomyopathy can therefore be considered a
differential diagnosis for sudden cardiac failure and death in children in the pediatric age group.

Diagnosis

The diagnosis of the condition is made through a multifold approach that includes asking about the family
history to take into consideration the genetic predisposition and environmental factors, the clinical history,
the physical examination findings, blood investigations, and various modalities of radiography and
echocardiography (ECG).

The genetic basis of dilated cardiomyopathy highlights the importance of screening at-risk family members.
The basic evaluation of a family in which DCM is present should include a detailed family history with a
minimum of three generations and an initial clinical screening of first-degree relatives [16,23]. A study
conducted by Michels VV on the relatives of 59 index patients with DCM, in which a total of 315 patients
were examined, found that at least one in five of the patients in this study had DCM, which implies the
importance of family screening [24].

The chest X-ray usually shows hypertrophy of the heart chambers and signs of pulmonary venous
congestion. More commonly, notching at the ribs can be seen in Takaya's arteritis than in coarctation in an
elder child suspected of heart disease. The electrocardiogram most commonly shows atrial fibrillation or
sinus tachycardia, arrhythmias (usually ventricular), hypertrophy of the left atrium, and sometimes
intraventricular conduction defects and low current. In cases of dilated or congestive cardiomyopathy, the
left bundle-branch block (LBBB) is also seen with a deviation toward the right axis, which is not a common
finding together. Electrocardiography can be used to see the presence of sinus tachycardia, conduction
blocks, and left ventricular enlargement changes.

Echocardiographic evaluation of the presence of dysfunction in the ventricles is considered the best method
for the assessment and diagnosis of various types of heart diseases in pediatric age groups and adolescents.
Even though two-dimensional morphological echo and ejection fraction are the critical elements for
phenotype characterization, in echo, morphologically, we can identify biventricular dilatation as an increase
in left ventricular end-diastolic dimension (LVDD) and left ventricular end-systolic size (LSVD), enlargement
of the atrium in relation to the ventricular enlargement, decreased LV contractility, and an apical thrombus.
It also shows a reduced ejection fraction along with dilatation of the left ventricle with regular or thin walls.

Cardiac magnetic resonance imaging (MRI) can be done to understand the extent of the dilatation of the
ventricular chambers, the morphology, the fibrosis, the pumping capacity of the heart, and where irregular
heartbeats originate, which is essential in determining the type and severity of cardiomyopathy and to rule
out arrhythmogenic right ventricular cardiomyopathy (ARVC). On cardiac MRI, the left ventricular
dimensions and functions, including strain measurements, can be appropriately measured. Gadolinium,
which is used as a contrast agent, is helpful in evaluating fibrosis and is used to provide information about
the quality of the myocardial tissue. In dilated cardiomyopathy, the amount of fibrosis and delay in the
enhancement of gadolinium contrast are predictors of mortality and also predict the necessity of future
hospitalization.

A few blood investigations can be used as biomarkers for diagnosing genomic mutations, which is helpful in
the management and also as a prognostic indicator. They include ventricular natriuretic peptide and N-
terminal pro-brain natriuretic peptide (NT-BNP). The levels of BNP have markedly increased [25].
Endomyocardial biopsy may be of use in a select number of patients, for example, those with suspected
cardiac hemochromatosis and other infiltrative or malignant diseases-but in general, it should be confined
to carefully conducted clinical trials [26]. On histological and microscopic examination, biopsies of the
endomyocardial specimens, along with the complementary role of electron microscopy, will provide the
physician with valuable information for a confirmatory diagnosis of pediatric cardiomyopathies. As stated by
G. Takemura et al., "a case of cardiac sarcoidosis patient" [27], the biopsy specimens are too small for
detection of the specific sarcoid lesions, which are usually randomly distributed and scattered throughout. In
this case, we could not specify sarcoidosis by light microscopic examination of the first biopsy specimens
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because only nonspecific inflammatory findings were observed. However, the electron microscopic analysis
clearly revealed the presence of some epithelioid cells. This suggests that, when small tissue specimens are
used, such as endomyocardial biopsy specimens, electron microscopy may sometimes be superior to light
microscopy for the detection of epithelioid cells. Transmission electron microscopy (TEM) has been utilized
to document ultrastructural changes in the heart in cases of pathological remodeling, such as hypertrophy,
hypertension, cardiomyopathy, and ultimately progression to heart failure (HF). TEM is a powerful tool for
not only visualizing the cardiac ultrastructure at a higher degree of resolution and magnification in
comparison to traditional microscopy and imaging techniques but also for shedding significant light on the
contribution of mitochondrial-derived signaling processes to dysregulation of the myocardium during
health and disease [28].

The assessment of cardiac anomalies in systolic function (excitability and ability to contract), diastolic
function (relaxation and compliance), and myocardial growth (hypertrophy and atrophy) is the hallmark of
the differential diagnosis of pediatric cardiomyopathies. Anomalous origin of the left coronary artery from
the pulmonary trunk (ALCAPA) must be ruled out as it is a rare cause of left ventricular dysfunction in
infants. Its recognition is important because of the superior results of surgery as opposed to medical
management. Its recognition can be done using cross-sectional echocardiography followed by confirmatory
contrast cine arteriography, which remains the definitive investigation in these patients [29].

Treatment

The goals of medical management are to reduce the symptoms of CHF and thereby stop the progression of
the disease. Although medical therapy remains a mainstay in treating patients, it is not the definitive
management. The primary aim is to control symptoms and prevent disease progression and complications,
and it also improves the quality of life of symptomatic DCM patients [30]. The drugs used in medical
management include angiotensin-converting enzyme (ACE) inhibitors and beta-blocker classes of drugs,
with or without diuretics [31]. The presence of heart failure indicates the use of diuretics. Vasodilators like
nitroglycerine and nesiritide can be used. The safest drug that can be used in the pediatric age group with
the fewest side effects is carvedilol, a beta-adrenergic blocker with additional vasodilating action. Ionotropic
support is indicated in the presence of hypotension in such cases.

Dopamine and dobutamine should be administered intravenously to partially reverse chronic congestive
heart failure and additionally improve heart function temporarily; these are the sympathomimetics
belonging to the ionotropic group of drugs. Still, excessive use can lead to arrhythmia and myocardial
irritability. Milrinone is the preferred agent in the pediatric population. It has been observed that in patients
with poor myocardial excitation and contraction along with symptomatic arrhythmias, amiodarone can be
used, a class III agent widening the action potential belonging to the antiarrhythmic group of drugs. There
are many nutrients benefiting patients with cardiovascular disease that might reverse myocardial
dysfunction, including L-arginine, propionyl-L-carnitine, and coenzyme Q10 [32,33]. Recombinant human
growth hormone resulted in improvement of the left ventricular ejection fraction when administered as
subcutaneous injections or conventional therapy in children with dilated cardiomyopathy. But also, growth
hormone therapy was associated with increased somatic growth [34-36]. Cardiac resynchronization
therapies are used in pediatric age groups in the presence of advanced heart failure and conduction delay
conditions. Cardiac transplantation remains the mainstay and is reserved for advanced and extreme cases.
The outcome predictors in children have been attributed to several factors, but the disease course has often
been termed unpredictable. In the absence of a heart donor or patients awaiting a transplant and with
advanced disease, ventricular-assist devices have shown improvement in the quality of life of the patients
[37]. There are also various post-transplant complications that can occur in children, including late renal
dysfunction, with a few progressing to dialysis or a renal transplant. Infections are prevalent during the
whole post-transplant period, with bacterial infections being the most common during the first month after
transplantation and causing deaths.

Prognosis

Most infants with DCM die within the first year of their lives as soon as they are diagnosed, with survival
rates at one and five years of 79% and 61%, respectively [38-45]. Most children die of heart failure in early
childhood, and the rest of the children whose ventricular function did not fully recover can fail due to
arrhythmias.

Conclusions

Dilated cardiomyopathy remains an enigma. Despite the intensive search for etiology, the underlying cause
of most cases remains unknown. Despite the extensive quest for an etiology, most cases have an unknown
reason. Multiple causes are probably present, with many of them leading to clinically identical cardiac
myopathies. Because patients' outcomes range from complete recovery to sudden death, characteristics that
predict results should be identified so that treatment solutions for a single patient can be selected
appropriately. Furthermore, recognizing patients with the worst outcomes should aid in determining the
best time for a heart transplant. Despite recent developments in medicine and surgical procedures, various
novel investigations and treatment approaches have been offered with little success. In treating the
condition, stem cell therapy has shown some promise. Although they were not so successful, palliative
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surgical techniques were also tried as a bridge to heart transplantation. The future of disease therapy
remains an intriguing topic of study, but for the time being, traditional treatment methods continue to be
prioritized. Early detection and treatment of the condition may be aided by screening echocardiography.

Additional Information
Disclosures

Conflicts of interest: In compliance with the ICMJE uniform disclosure form, all authors declare the
following: Payment/services info: All authors have declared that no financial support was received from
any organization for the submitted work. Financial relationships: All authors have declared that they have
no financial relationships at present or within the previous three years with any organizations that might
have an interest in the submitted work. Other relationships: All authors have declared that there are no
other relationships or activities that could appear to have influenced the submitted work.

References

1. Richardson P, McKenna W, Bristow M, 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, 93:841-2. 10.1161/01.cir.93.5.841

2. Tsirka AE, Trinkaus K, Chen SC, et al.: Improved outcomes of pediatric dilated cardiomyopathy with
utilization of heart transplantation. ] Am Coll Cardiol. 2004, 44:391-7. 10.1016/j.jacc.2004.04.035

3. Towbin JA, Lowe AM, Colan SD, et al.: Incidence, causes, and outcomes of dilated cardiomyopathy in
children. JAMA. 2006, 296:1867-76. 10.1001/jama.296.15.1867

4.  Arola A, Tuominen ], Ruuskanen O, Jokinen E: Idiopathic dilated cardiomyopathy in children: prognostic
indicators and outcome. Pediatrics. 1998, 101:369-76. 10.1542/peds.101.3.369

5. Bostan OM, Cil E: Dilated cardiomyopathy in childhood: prognostic features and outcome . Acta Cardiol.
2006, 61:169-74. 10.2143/AC.61.2.2014330

6. Rusconi P, Wilkinson JD, Sleeper LA, 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,
10:10.1161/CIRCHEARTFAILURE.115.002637

7. Azevedo VM, Santos MA, Albanesi Filho FM, Castier MB, Tura BR, Amino JG: Outcome factors of idiopathic
dilated cardiomyopathy in children - a long-term follow-up review. Cardiol Young. 2007, 17:175-84.
10.1017/S1047951107000170

8. Cetta F, Michels VV: The natural history and spectrum of idiopathic dilated cardiomyopathy, including HIV
and peripartum cardiomyopathy. Curr Opin Cardiol. 1995, 10:332-8. 10.1097/00001573-199505000-00015

9. DiFilippo S, Bozio A, Normand J, et al.: Idiopathic dilated cardiomyopathies in children. Development and
prognostic factors (Article in French). Arch Mal Coeur Vaiss. 1991, 84:721-6.

10.  Rupp S, Jux C: Advances in heart failure therapy in pediatric patients with dilated cardiomyopathy . Heart
Fail Rev. 2018, 23:555-62. 10.1007/s10741-018-9692-1

11.  Maron BJ, Towbin JA, Thiene G, 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, 113:1807-16. 10.1161/CIRCULATIONAHA.106.174287

12.  Njoroge JN, Mangena JC, Aribeana C, Parikh VN: Emerging genotype-phenotype associations in dilated
cardiomyopathy. Curr Cardiol Rep. 2022, 24:1077-84. 10.1007/s11886-022-01727-z

13.  Ferencz C, Neill CA: Cardiomyopathy in infancy: observations in an epidemiologic study . Pediatr Cardiol.
1992, 13:65-71. 10.1007/BF00798206

14.  Bilgi¢ A, Ozbarlas N, Ozkutlu S, Ozer S, Ozme S: Cardiomyopathies in children. Clinical, epidemiological
and prognostic evaluation. Jpn Heart J. 1990, 31:789-97. 10.1536/ihj.31.789

15.  Jefferies JL, Towbin JA: Dilated cardiomyopathy. Lancet . 2010, 375:752-62. 10.1016/50140-6736(09)62023-7

16.  Weintraub RG, Semsarian C, Macdonald P: Dilated cardiomyopathy. Lancet. 2017, 390:400-14.
10.1016/s0140-6736(16)31713-5

17.  Fonarow GC: Pathogenesis and treatment of cardiomyopathy. Adv Intern Med. 2001, 47:1-45.

18.  Griffin ML, Hernandez A, Martin TC, Goldring D, Bolman RM, Spray TL, Strauss AW: Dilated
cardiomyopathy in infants and children. ] Am Coll Cardiol. 1988, 11:139-44. 10.1016/0735-1097(88)90179-9

19. Price JF, Jeewa A, Denfield SW: Clinical characteristics and treatment of cardiomyopathies in children . Curr
Cardiol Rev. 2016, 12:85-98. 10.2174/1573403x12666160301115543

20. Fatema NN, Nazmi NI: Dilated cardiomyopathy in paediatric population: a review . Cardiovasc J. 2019,
12:64-74. 10.3329/cardio.v12i1.43422

21.  Akagi T, Benson LN, Lightfoot NE, Chin K, Wilson G, Freedom RM: Natural history of dilated
cardiomyopathy in children. Am Heart J. 1991, 121:1502-6. 10.1016/0002-8703(91)90158-¢

22. Saxena A, Anil OM, Juneja R: Clinical and echocardiographic outcome in patients receiving carvedilol for
treatment of dilated cardiomyopathy. Indian J Pediatr. 2013, 80:549-54. 10.1007/s12098-012-0954-y

23.  Daubeney PE, Nugent AW, Chondros P, et al.: Clinical features and outcomes of childhood dilated
cardiomyopathy: results from a national population-based study. Circulation. 2006, 114:2671-8.
10.1161/CIRCULATIONAHA.106.635128

24.  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 ] Med. 1992, 326:77-82.
10.1056/NEJM199201093260201

25. Braunwald E: Biomarkers in heart failure. N Engl ] Med. 2008, 358:2148-59. 10.1056/NEJMra0800239

2022 Mallavarapu et al. Cureus 14(11): €31111. DOI 10.7759/cureus.31111 60f7


https://dx.doi.org/10.1161/01.cir.93.5.841
https://dx.doi.org/10.1161/01.cir.93.5.841
https://dx.doi.org/10.1016/j.jacc.2004.04.035
https://dx.doi.org/10.1016/j.jacc.2004.04.035
https://dx.doi.org/10.1001/jama.296.15.1867
https://dx.doi.org/10.1001/jama.296.15.1867
https://dx.doi.org/10.1542/peds.101.3.369
https://dx.doi.org/10.1542/peds.101.3.369
https://dx.doi.org/10.2143/AC.61.2.2014330
https://dx.doi.org/10.2143/AC.61.2.2014330
https://dx.doi.org/10.1161/CIRCHEARTFAILURE.115.002637
https://dx.doi.org/10.1161/CIRCHEARTFAILURE.115.002637
https://dx.doi.org/10.1017/S1047951107000170
https://dx.doi.org/10.1017/S1047951107000170
https://dx.doi.org/10.1097/00001573-199505000-00015
https://dx.doi.org/10.1097/00001573-199505000-00015
https://europepmc.org/article/med/1898208
https://dx.doi.org/10.1007/s10741-018-9692-1
https://dx.doi.org/10.1007/s10741-018-9692-1
https://dx.doi.org/10.1161/CIRCULATIONAHA.106.174287
https://dx.doi.org/10.1161/CIRCULATIONAHA.106.174287
https://dx.doi.org/10.1007/s11886-022-01727-z
https://dx.doi.org/10.1007/s11886-022-01727-z
https://dx.doi.org/10.1007/BF00798206
https://dx.doi.org/10.1007/BF00798206
https://dx.doi.org/10.1536/ihj.31.789
https://dx.doi.org/10.1536/ihj.31.789
https://dx.doi.org/10.1016/s0140-6736(09)62023-7
https://dx.doi.org/10.1016/s0140-6736(09)62023-7
https://dx.doi.org/10.1016/s0140-6736(16)31713-5
https://dx.doi.org/10.1016/s0140-6736(16)31713-5
https://pubmed.ncbi.nlm.nih.gov/11795071/
https://dx.doi.org/10.1016/0735-1097(88)90179-9
https://dx.doi.org/10.1016/0735-1097(88)90179-9
https://dx.doi.org/10.2174/1573403x12666160301115543
https://dx.doi.org/10.2174/1573403x12666160301115543
https://dx.doi.org/10.3329/cardio.v12i1.43422
https://dx.doi.org/10.3329/cardio.v12i1.43422
https://dx.doi.org/10.1016/0002-8703(91)90158-e
https://dx.doi.org/10.1016/0002-8703(91)90158-e
https://dx.doi.org/10.1007/s12098-012-0954-y
https://dx.doi.org/10.1007/s12098-012-0954-y
https://dx.doi.org/10.1161/CIRCULATIONAHA.106.635128
https://dx.doi.org/10.1161/CIRCULATIONAHA.106.635128
https://dx.doi.org/10.1056/NEJM199201093260201
https://dx.doi.org/10.1056/NEJM199201093260201
https://dx.doi.org/10.1056/NEJMra0800239
https://dx.doi.org/10.1056/NEJMra0800239

Cureus

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

45.

Hunt SA: ACC/AHA 2005 guideline update for the diagnosis and management of chronic heart failure in the
adult: a report of the American College of Cardiology/American Heart Association Task Force on practice
guidelines (Writing Committee to update the 2001 guidelines for the evaluation and management of heart
failure). ] Am Coll Cardiol. 2005, 46:e1-82. 10.1016/j.jacc.2005.08.022

Takemura G, Takatsu Y, Ono K, Miyatake T, Ono M, Izumi T, Fujiwara H: Usefulness of electron microscopy
in the diagnosis of cardiac sarcoidosis. Heart Vessels. 1995, 10:275-8. 10.1007/BF01744907

Collins HE, Kane MS, Litovsky SH, Darley-Usmar VM, Young ME, Chatham JC, Zhang J: Mitochondrial
morphology and mitophagy in heart diseases: qualitative and quantitative analyses using transmission
electron microscopy. Front Aging. 2021, 2:670267. 10.3389/fragi.2021.670267

Robinson PJ, Sullivan ID, Kumpeng V, Anderson RH, Macartney FJ: Anomalous origin of the left coronary
artery from the pulmonary trunk. Potential for false negative diagnosis with cross sectional
echocardiography. Br Heart J. 1984, 52:272-7. 10.1136/hrt.52.3.272

Elliott P: Cardiomyopathy. Diagnosis and management of dilated cardiomyopathy. Heart. 2000, 84:106-12.
10.1136/heart.84.1.106

Rogers W ], Johnstone D E, Yusuf S, et al.: Quality of life among 5,025 patients with left ventricular
dysfunction randomized between placebo and enalapril: the studies of left ventricular vysfunction. The solvd
investigators. ] Am Coll Cardiol. 1994, 23:393-400. 10.1016/0735-1097(94)90426-x

Hong H, Wang Y, Chung HT, Chen CJ: Clinical characteristics of novel coronavirus disease 2019 (COVID-19)
in newborns, infants and children. Pediatr Neonatol. 2020, 61:131-2. 10.1016/j.pedneo0.2020.03.001

Lee TM, Hsu DT, Kantor P, et al.: Pediatric cardiomyopathies. Circ Res. 2017, 121:855-73.
10.1161/CIRCRESAHA.116.309386

McElhinney DB, Colan SD, Moran AM, et al.: Recombinant human growth hormone treatment for dilated
cardiomyopathy in children. Pediatrics. 2004, 114:e452-8. 10.1542/peds.2004-0072

Perrot A, Ranke MB, Dietz R, Osterziel KJ: Growth hormone treatment in dilated cardiomyopathy. J Card
Surg. 2001, 16:127-31. 10.1111/j.1540-8191.2001.tb00497.x

Dreifuss P: Therapy of terminal dilated cardiomyopathy with growth hormone (Article in German) . Z
Kardiol. 1998, 87:425-35. 10.1007/s003920050197

Sharma MS, Webber SA, Morell VO, Gandhi SK, Wearden PD, Buchanan JR, Kormos RL: Ventricular assist
device support in children and adolescents as a bridge to heart transplantation. Ann Thorac Surg. 2006,
82:926-32. 10.1016/j.athoracsur.2006.02.087

Javier Delmo EM, Javier MF, Hetzer R: The role of ventricular assist device in children . Cardiovasc Diagn
Ther. 2021, 11:193-201. 10.21037/cdt-20-282

Shin YR, Park YH, Park HK: Pediatric Ventricular Assist Device . Korean Circ J. 2019, 49:678-90.
10.4070/kc;j.2019.0163

Hetzer R, Javier MF, Delmo Walter EM: Role of paediatric assist device in bridge to transplant . Ann
Cardiothorac Surg. 2018, 7:82-98. 10.21037/acs.2018.01.03

Burch M, Siddiqi SA, Celermajer DS, Scott C, Bull C, Deanfield JE: Dilated cardiomyopathy in children:
determinants of outcome. Br Heart J. 1994, 72:246-50. 10.1136/hrt.72.3.246

Chaturvedi S, Garikapati A, Ansari [, Bagga C, Kumar S: Trastuzumab induced cardiomyopathy with
cerebellar stroke: double trouble.. Med Sci. 2020, 24:2424-7.

Andhale A, Acharya S, Pratapa SK, Hulkoti V: An unusual case of acute heart failure in a body builder: case
report.. Med Sci. 2020, 24:1744-8.

Anjankar AP, Lambe SD, Lambe KS: Diagnostic and prognostic value of N-terminal brain natriuretic peptide
in patients of heart failure. ] Evolution Med Dent Sci. 2020, 31:2176-80. 10.14260/jemds/2020/474
Godhiwala PP, Acharya S, Kumar S, Bagga C: Prognostic markers in advanced heart failure. ] Evolution Med
Dent Sci. 2021, 10:39-44. 10.14260/jemds/2021/8

2022 Mallavarapu et al. Cureus 14(11): €31111. DOI 10.7759/cureus.31111

7of7


https://dx.doi.org/10.1016/j.jacc.2005.08.022
https://dx.doi.org/10.1016/j.jacc.2005.08.022
https://dx.doi.org/10.1007/BF01744907
https://dx.doi.org/10.1007/BF01744907
https://dx.doi.org/10.3389/fragi.2021.670267
https://dx.doi.org/10.3389/fragi.2021.670267
https://dx.doi.org/10.1136/hrt.52.3.272
https://dx.doi.org/10.1136/hrt.52.3.272
https://dx.doi.org/10.1136/heart.84.1.106
https://dx.doi.org/10.1136/heart.84.1.106
https://dx.doi.org/10.1016/0735-1097(94)90426-x
https://dx.doi.org/10.1016/0735-1097(94)90426-x
https://dx.doi.org/10.1016/j.pedneo.2020.03.001
https://dx.doi.org/10.1016/j.pedneo.2020.03.001
https://dx.doi.org/10.1161/CIRCRESAHA.116.309386
https://dx.doi.org/10.1161/CIRCRESAHA.116.309386
https://dx.doi.org/10.1542/peds.2004-0072
https://dx.doi.org/10.1542/peds.2004-0072
https://dx.doi.org/10.1111/j.1540-8191.2001.tb00497.x
https://dx.doi.org/10.1111/j.1540-8191.2001.tb00497.x
https://dx.doi.org/10.1007/s003920050197
https://dx.doi.org/10.1007/s003920050197
https://dx.doi.org/10.1016/j.athoracsur.2006.02.087
https://dx.doi.org/10.1016/j.athoracsur.2006.02.087
https://dx.doi.org/10.21037/cdt-20-282
https://dx.doi.org/10.21037/cdt-20-282
https://dx.doi.org/10.4070/kcj.2019.0163
https://dx.doi.org/10.4070/kcj.2019.0163
https://dx.doi.org/10.21037/acs.2018.01.03
https://dx.doi.org/10.21037/acs.2018.01.03
https://dx.doi.org/10.1136/hrt.72.3.246
https://dx.doi.org/10.1136/hrt.72.3.246
http://www.discoveryjournals.org/medicalscience/current_issue/v24/n104/A84.htm
http://www.discoveryjournals.org/medicalscience/current_issue/v24/n103/TOC103.pdf
https://dx.doi.org/10.14260/jemds/2020/474
https://dx.doi.org/10.14260/jemds/2020/474
https://dx.doi.org/10.14260/jemds/2021/8
https://dx.doi.org/10.14260/jemds/2021/8

	Dilated Cardiomyopathy in Children: Early Detection and Treatment
	Abstract
	Introduction And Background
	TABLE 1: Types of cardiomyopathies

	Review
	Epidemiology
	Etiology
	FIGURE 1: Etiological factors causing dilated cardiomyopathy

	On pathologic examination
	Clinical features
	Diagnosis
	Treatment
	Prognosis

	Conclusions
	Additional Information
	Disclosures

	References


