Histiocytoid Cardiomyopathy:
A Mitochondrial Disorder
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Histiocytoid cardiomyopathy (HICMP) is a rare, genetic, cardiac disorder of infancy or childhood, predominantly
affecting girls, and clinically manifesting as severe cardiac arrhythmias or dilated cardiomyopathy.
Pathoanatomically, HICMP is characterized by subendocardial, epicardial, or valvular yellow-tan nodules,
which are histologically built up of abnormal Purkinje fibers and multiple, scattered clusters of histiocytoid
myocytes, which are filled with an increased number of normal or abnormal mitochondria. Within the
myocardium, yellowish areas with irregular outlines are found and are histologically built up of enlarged,
polygonal, histiocyte-like cells with foamy granular cytoplasm. Since HICMP is frequently found in patients
with mitochondrial deoxyribonucleic acid (DNA) mutations, HICMP cardiomyocytes carry an increased
number of normal or abnormal mitochondria, and may show markedly decreased succinate-cytochrome
¢ reductase or NADH-cytochrome c reductase activity; HICMP should be regarded as mitochondrial

cardiomyopathy.
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Histiocytoid cardiomyopathy (HICMP) is a rare, genetic,
cardiac disorder of infancy or childhood, predominantly
affecting girls below the age of 2y, which manifests
clinically as severe cardiac arrhythmias or dilated car-
diomyopathy with heart failure.! Autosomal recessive,?
X-linked,® and maternal inheritance has been described.
Previously, HICMP was regarded as a developmental
anomaly of the atrioventricular conduction system, mul-
tifocal tumor of Purkinje cells, or as a developmental
arrest of cardiomyocytes with aggregations of hematoma-
like cardiomyocytes, resembling oncocytes.*® Meanwhile,
several reports indicate that HICMP is a cardiac man-
ifestation of a mitochondrial disorder,5~? justifying its
classification as a primary genetic cardiomyopathy accord-
ing to the classification proposed by the American Heart
Association.0

Cardiac manifestations of HICMP may be rhythm abnor-
malities, such as Wolff-Parkinson-White syndrome,!%12
ventricular tachycardia,® or ventricular fibrillation with
cardiac arrest and sudden cardiac death.>713-21 Histiocy-
toid cardiomyopathy may also manifest as severe dilated
cardiomyopathy and heart failure, requiring heart trans-
plantation in specific cases.?? In certain patients, HICMP
may be also associated with left ventricular hypertrabec-
ulation, also known as noncompaction.?? Rarely, HICMP
may present with endocardial fibroelastosis.!” Extracar-
diac manifestations include abnormalities of the central
nervous system (hydrocephalus), the eyes (corneal opac-
ities, retinal hypoplasia, microphthalmia), the endocrine
system (oncocytic cells in various glands), or steatosis
of the liver.#"12 Clinically, affected patients may present

with palpitations, dyspnea, pulmonary rales, cardiac mur-
murs, neck vein distension, or edema.*!® The diagnosis is
established on the basis of the clinical findings, electrocar-
diography (ECG), echocardiography, myocardial biopsy, or
autopsy. There is no specific treatment for HICMP available.
Arrhythmias or dilative cardiomoypathy usually respond
to established treatment.” Supportive measures, as occa-
sionally given for mitochondrial myopathy, have not been
tried.

Pathohistologically, HICMP is characterized by the devel-
opment of abnormal Purkinje fibers within the cardiac
conduction system, which interfere with normal cardiac
conduction,? myocardial thickening,'®2* or subendocardial
yellow-tan nodules,>62° also found epicardially or at the
valves.? These nodules are built up of multiple, scattered
clusters of histiocytoid myocytes, which are filled with
abnormal mitochondria.®6 Within the myocardium, yel-
lowish areas with irregular outlines have been described,
built up of enlarged, polygonal, histiocyte-like cells with
foamy granular cytoplasm.!'61314 These cells react posi-
tively with desmin and myoglobin and show disorganized
myofibrils, resulting in abnormal striation.!31* Affected
cardiomyocytes may also contain fat droplets, glycogen
granules, leptomer myofibrils, and reduced amounts of
myosin or desmin.!? Cardiomyocytes may also contain
poorly developed or absent intercellular junctions, few or no
contractile elements, and markedly increased numbers of
mitochondria, which tend to accumulate.#1426 Mitochon-
dria may show hyperplasial®? or abnormal structure.’
Granular histiocytoid cells may also be found within
the cardiac conduction system with encasement and par-
tial replacement of the bundle of His.''> The abnormal
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cells appear to resemble transformed cardiomyocytes,
which possess some features of cardiac conduction system
fibers.! Aggregates of these cells may form atrioventricular
and nodo-ventricular connections, possibly responsible for
the arrhythmias frequently found in HICMP.!® Contrary
to previous speculations®, mitochondrial cardiomyopathy
should not be differentiated from HICMP, as histologi-
cal features attributed only to the one also occur in the
other.

Arguments for a mitochondrial disorder as the under-
lying cause of HICMP are that HICMP was frequently
found in patients with mutations of the mitochondrial
deoxyribonucleic acid (DNA). In an infant with steatosis
of the liver, and bilateral retinal hypoplasia, HICMP was
associated with the mitochondrial A8344G transition.” Ultra-
structural investigations in this patient revealed striking
mitochondrial hyperplasia with dispersion of sarcomers.%7
Biochemical investigations revealed reduced activity of
complexes I and IV of the respiratory chain. In another
patient, HICMP was associated with the G15498A mito-
chondrial cytochrome b mutation, resulting in the amino
acid exchange of glycine with aspartic acid at position
2518 In a patient with microphthalmia with linear skin
defects syndrome due to a mosaic, segmental monosomy
of the Xp22.3 region (46, Y, inv [X] [p22.13 approx. 22.2p32
approx. 22.33]/46X) HICMP was found and associated
with lactacidosis and agenesis of the corpus callosum.?
In a female infant, HICMP was associated with skeletal
muscle myopathy with generally decreased cytochrome
¢ oxidase activity on muscle biopsy.® Further arguments
for a mitochondrial defect as the underlying cause of
HICMP are the markedly increased number of mitochon-
dria within cardiomyocytes,*142426 the extensive hyper-
plasia of these mitochondria,>6122% and, occasionally, the
abnormal structure of these mitochondria.>®!* These mito-
chondria give the cytoplasm a granular or vacuolated
appearance. Biochemical investigations of cardiomyocytes
may show markedly decreased succinate-cytochrome c
reductase and NADH-cytochrome c reductase, why it was
already previously interpreted as a defect of complex III
of the respiratory chain.?86 Whether the predominance of
females affected by HICMP indicates maternal transmis-
sion, remains speculative.

Overall, there is increasing evidence from clinical, his-
tological, immunohistological, ultrastructural, biochemical,
and genetic investigations that HICMP is a cardiac manifes-
tation of multisystem mitochondrial disorders. Management
of HICMP requires a multidisciplinary approach due to the
frequent extracardiac comorbidity.
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