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Diagnosis of Secondary Cardiomyopathies

Atsuhito Takeda
Department of Pediatrics, Hokkaido University Graduate School of Medicine, Hokkaido, Japan

In cases of secondary cardiomyopathies, it is crucial to distinguish between background diseases, such as meta-
bolic and neuromuscular diseases, that are often seen in children. The age at onset varies according to the cause
and is important for the differential diagnosis. This review discusses the diagnosis and pathogenesis of cardio-
myopathy associated with Fabry disease, Pompe disease, Danon disease, mitochondrial disease, RAS/MAPK
syndrome (RASopathies), and Duchenne/Becker muscular dystrophy, which often occur in children and adults
in transition. We also discuss the role of myocardial biopsy in the identification of secondary cardiomyopathies.
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Table 1 Clinical and genetic characteristics of secondary cardiomyopathy in children

Onset of

. Neonate-Infant
cardiomyopathy

Neonate-Infant

Neonate-Adult Childhood-Adolescent

Primary disease RASopathies

Pompe disease
(Infantile-onset)

Mitochondrial disease Propionic acidemia

Complication rate 10-29% Almost (<2 years old) 17-40% unknown
of cardiomyopathy
Cardiac phenotype HCM HCM HCM, d-HCM, DCM, DCM
RCM, LVNC
Genetic form AD AR All forms of inheritance AR
including maternal
inheritance
Causative gene PTPN11, RAF1, RIT1 GAA Over 300 genes includ- PCCA, PCCB
ing mitochondrial DNA
Treatment beta-blockers, cibenzoline, ERT vitamin cocktail (for  low-protein diet, L-carni-
myectomy (for HOCM) mitochondrial crisis)  tine, metronidazole, liver
transplantation
Prognosis SR 30% at 2 years old SR 25% at 1 year old Cumulative SR <20% Very poor (early infantile-onset)
(early infantile-onset) without ERT at 150 months unknown (late onset)
Onset of .
. Childhood-Adolescent Adolescent-Adult Adolescent-Adult Adult
cardiomyopathy
Primary disease Propionic acidemia Danon disease DMD/BMD Fabry disease
Complication rate unknown 11-12% 60-75% 50%
of cardiomyopathy
Cardiac phenotype DCM HCM, d-HCM DCM HCM
Genetic form AR XD XR X-linked
Causative gene PCCA, PCCB LAMP2 DMD GLA
Treatment low-protein diet, L-carni- beta-blockers, ICD implanta- supportive care, ERT, Pharmacologic Chap-
tine, metronidazole, liver tion, heart transplantation steroids, ACEi, erone Therapy, Substrate
transplantation beta-blockers Reduction Therapy
Prognosis Very poor (early infan- Affected males were unlikely A median life expec- Median cumulative sur-

tile-onset)
unknown (late onset)

to live until age 25 without
heart transplantation

tancy of approxi- vival is approximately 50
mately 30 years years

ACEIi, angiotensin converting enzyme inhibitor; AD, Autosomal dominant; AR, Autosomal recessive; d-HCM, dilated phase
of hypertrophic cardiomyopathy; DMD/BMD, Duchenne muscular dystrophy/Becker muscular dystrophy; ERT, enzyme
replacement therapy; HCM, hypertrophic cardiomyopathy; HOCM, hypertrophic obstructive cardiomyopathy; ICD, implantable
cardioverter defibrillator; LVNC, left ventricular non-compaction; RCM, restrictive cardiomyopathy; SR, survival rate; XD,

X-linked dominant; XR, X-linked recessive.
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Fig. 1 Age distribution and frequency of diseases presenting with pediatric secondary cardiomyopathy
DMD/BMD, Duchenne muscular dystrophy/Becker muscular dystrophy. Modified from ref 4).
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Fig. 2 Fabry disease is a lysosomal disease in which Gb3 accumulates due to deficiency of a-Gal, an

enzyme that degrades the first glycan chain

(A) Sphingosine bound to fatty acids is known as ceramide (sphingolipid). Ceramides with attached sugar chains are
known as globosides. Ceramides with three attached sugar chains are called globotriaosylceramides (Gb3). (B) Electron
microscopy showing typical intracellular storage of Gb3 forming “zebra bodies” within the myocardial cells (left) and

endothelial cells (right) (black arrow). Modified from ref 5).
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(A) (B)

Fig. 3 Chest radiograph and echocardiographic
images of Pompe disease at the age of 4
months

(A) Chest radiograph showing massive cardiomegaly.
(B) Short-axis view of the left ventricle demonstrating
severe concentric left ventricular hypertrophy on
echocardiogram. Modified from ref 7).
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LVDd (mm) 43
LVPWTd (mm) 31
LVEF (%) 60

54 58
27 17
34 22

Fig. 4 Progressive deterioration of left ventricular pump function in a patient with Danon disease

(A) Hypertrophic cardiomyopathy with normal LVEF of 60%. (B) Normal LVEF of 60%. (C) Dilated left ventricle with
reduced LVEF of 34%. (D) Severely dilated left ventricle with reduced LVEF of 22%.
LVDd, left ventricular diameter at end-diastole; LVEF, left ventricular ejection fraction; LVPWTd, left ventricular posterior

wall thickness at end-diastole. Modified from ref 9).
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Complex |

Complex IV

Complex Il

Fig. 5 Pathological findings of mitochondrial cardiomyopathy

(Upper panel) Light microscopy image of the biopsied right ventricular myocardium showing cytoplasmic
vacuolization (black arrow) (left panel). Electron microscopy of the biopsied right ventricular myocardium
shows marked proliferation of mitochondria (white arrow) within the myofibrils (middle and right panels).
(Lower panel) Immunohistopathological analysis of the biopsied myocardium using antibodies against respiratory
chain enzymes. The left, middle, and right panels show the immunohistochemical analysis of complex I, IV, and
I, respectively. The signal intensity of complex | compared with complex Il was 22% of that of normal, and that of
complex IV compared with complex Il was 116% of that of normal. Modified from ref 15).
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