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INTRODUCTION

Histopathology in patients with HCM is characterized by disarray of the overall
architecture of the hypertrophied myocytes, which appear branched and may be
intermingled with a variable amount of interstitial fibrosis'. These changes may be
patched and must be distinguished from the non-specific physiological disarrangement
of the junctional area of the septum and the apex. The myocardial cell diameter is
another important indicator of hypertrophy. Under normal conditions it ranges from
5—12 wm in diameter. Anything up to 20 pm may be indicative of mild hypertrophy.

In moderate hypertrophy cardiocyte diameter is up to 25 wm and moderate to severe
hypertrophy is usually between 25-30 wm. For diameters greater than 30 wm severe
hypertrophy must be suspected.

Hypertrophic cardiomyopathy almost always present with cell hypertrophy?.
Hypertrophic myocardial cells show nuclear enlargement, bizarre nuclei and binucleation.
Three patterns of fibrosis may be distinguished: interstitial or plexiform, replacement or
scar fibrosis, and perivascular fibrosis. In interstitial diffuse fibrosis, bundles of collagen
surround the cardiomyocytes individually. This is a non-specific pattern that may appear
in other causes of heart failure.

Small arteries in the myocardium often show dysplastic, thickened walls, affecting
mainly the medial and intima layers. As a consequence, an impairment of the
vasodilatory capacity of the coronary arterioles occurs, and the vascular lumen appears
abnormally reduced, leading to small vessel ischemia. Myocyte cell death and repair in
the form of replacement fibrosis subsequently develop. Perivascular fibrosis spreads
radially around capillary and small arteries. Replacement by adipose tissue is often seen
in the terminal stage of fibrosis.

Ultra-structurally, HCM is characterized by an increase in the number of mitochondria,
often without qualitative or quantitative signs of insufficiency. Enlargement of
sarcoplasmic tubules, prominence of the Golgi apparatus and eventual accumulation
of glycogen may be seen.

PATHOLOGICAL DIFFERENTIAL DIAGNOSIS OF HCM

The macroscopic finding of left ventricular hypertrophy (LVH) can be caused by a range
of genetic or acquired conditions. Hypertrophic cardiomyopathy is most frequently a

disease of the sarcomeric proteins. Mutations in several genes encoding thin and thick
filament and the Z disk proteins of the sarcomeres (MYHz TPM1, TNNT2, MYBPC3, FHL1,
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CSRP3, FLNC, PLN) have been described3. The histopathological appearance varies
according to the genetic defect, with the most severe morphological abnormalities being
present in pediatric and early onset cases#. Cellular hypertrophy of cardiomyocytes is
commonly observed and fibrosis caused by fibroblast activation and collagen deposition
may also be present.

CSRP3 (Muscle LIM Protein) MLP KO cardiomyocytes exhibit cytoarchitectural
perturbations including disrupted myofibrillar assembly, abnormal alignment of Z-disks
and marked fibrosis. In contrast, for some (but not all) HCM/RCM patients with Filamin C
pathogenic variants, protein aggregation has been observed in vivo and in vitro3.

Abnormal loading conditions

Hypertension and aortic stenosis are the most common acquired causes of LVH.

On macroscopic examination, the thicknesses of the hypertrophied wall seen in
hypertension rarely exceeds 1.5 cm. Valvular aortic stenosis results in concentric LVH,
which is less usual in HCM where hypertrophy typically affects the interventricular
septum in HCM. Approximately 30% of patients with HCM will also have right ventricular
hypertrophy.

Storage disorders

A rare cause of cardiac hypertrophy is Fabry disease (FD), an X-linked hereditary
metabolic storage disorder that predominantly involves the heart>. The accumulation
of glycosphingolipids, mainly globotriaosylceramide (Gb3), involves all cardiac tissues,
including cardiomyocytes, vessels, cardiac valves, nerves and conduction system®.
The ventricular hypertrophy in FD is usually concentric and frequently involves the right
ventricle’.

Cardiac lysosomal storage of glycolypids gives rise to cardiomyocyte hypertrophy and
a vacuolated appearance on light microscopy. Prominent sarcoplasmic vacuoles are
present within the centers of myocytes and cause cellular enlargement. The vacuoles are
clear, and occupy a variable proportion of the cardyomyocyte area, leading to confluent
vacuoles in the most severe cases. They stain with Periodic Acid Schiff (PAS) and Sudan
Black in frozen sections. Stromal diffuse fibrosis and fatty infiltration may also be present.

Under electron microscopy, enlarged lysosomes are typically located in the perinuclear
area and contain electron-dense myelinoid inclusions with concentric lamellar
configurations and a periodicity of 3 to 5 nm. These so-called ‘Zebra bodies’ are very
suggestive of FD in patients without a history of chloroquine or amiodarone usage®.
Lysosomal inclusions in FD may exhibit other morphologies, such as electron-dense
homogeneous, radiated or mixed heterogeneous deposits. Immunohistochemistry with
Gb3 is useful for confirming the nature of the stored material.

Other storage diseases that affect the heart, such as glycogen storage diseases
(GSD), GM1 gangliosidosis and mucopolysaccharidoses (MPS) also result in cardiocyte
hypertrophy. The most widely known glycogenoses involving the heart are type Il (Pompe
disease), type lll (Cori disease) and type IV (Andersen disease).

The morphological consequences of the storage material are common to different
entities, consisting of central vacuolar degeneration of myocytes, ranging from mild
vacuolation to replacement of myofibrillar structures by large vacuoles, which appear
pale pink with haematoxylin and eosin stain. Increased interstitial fibrosis may also
appear?. Glycogen stains positive with periodic-acid Schiff (PAS), and is digested
with diastase (PAS-D). The intralysosomal nature of the deposits in Pompe disease
can be demonstrated by acid phosphatase staining on frozen tissue. Under electron
microscopy, glycogen deposits are visualized as electrondense granules which appear
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membrane-bound within the cytoplasm of different cell types in Pompe disease, or free in
the cytoplasm in other GSD.

In glycogenosis type IV, deficiency of glycogen branching enzyme results in the
accumulation of abnormal glycogen, with fewer branching points, and amylopectin-like
polyglucosans in different tissues'®, that stains strongly positive on PAS, but is
characteristically resistant to diastase, therefore excluding other types of glycogen
storage disease. Electron microscopy demonstrates cytoplasmic inclusions composed
of undulating, randomly oriented, and delicate fibrils. Infiltration of clear and granular
histiocytes within endocardium, myocardium, cardiac valves, conduction system and
vessel walls is a common finding in mucopolysaccharidosis (MPS) type [*+2,

Danon disease is an X-linked cardiomyopathy caused by mutations in the
lysosome-associated membrane protein 2 (LAMP2) gene. Biventricular hypertrophy,
extensive vacuolization of cardiocytes and fibrosis are common in Danon disease. It
was originally considered to be due to a glycogen storage defect®, although genetic,
histological and ultrastructural analyses have revealed that disruption of autophagy is
the probable underlying mechanism of Danon disease®4.

Amyloidosis

Cardiac involvement is the leading cause of morbidity and mortality in several types of
amyloidosis, especially in primary light chain (AL) amyloidosis and in both wild-type and
hereditary transthyretin amyloidosis. The heart is also occasionally involved in serum
amyloid A type (AA) acquired amyloidosis and other rare hereditary types®.

The two main types of interstitial involvement of the myocardium by amyloid deposits
are pericellular and nodular, although a continuous spectrum exists between these.
Vascular involvement with deposits in the arterial walls is less frequently seen. With
Congo red staining, amyloid fibrils yield apple-green birefringence under cross-polarized
light microscopy. This remains the gold standard for identifying amyloid deposits. On
electron microscopy, amyloid appears as randomly arranged extracellular non-branching
fibrils of 7-10 nm in diameter?®.

Amyloid typing is crucial for an appropriate therapeutic approach. The
immunohistochemically assessment of the amyloid type remains the essential diagnostic
approach, although there are some problematic issues concerning IHC detection of
amyloid antigens, particularly kappa and lambda light chains in AL amyloid. The best
results with IHC examination are reached in AA amyloidosis and in most cases of TTR
amyloidosis®.

Mitochondrial disease

Mitochondrial disease is a heterogeneous group of multisystemic disease due to
mutations in nuclear or mitochondrial DNA. In the last years more than 50 genes
associated with mitochondrial cardiomyopathy have been described'®. Cardiomyopathy
is very frequent in mitochondrial disorders, with a minimum occurrence of 20-30% that
varies with age, being more frequent in neonates and children. Cardiomyocytes appear
hypertrophic, with perinuclear vacuolization and perimisal fibrosis, in the absence of
inflammatory cell infiltrates.

Subsarcolemmal aggregates of mitochondria may be present, giving the classical
appearance of ragged red fibers. These fibers appear red in the modified Gomori
trichrome stain and blue in succinate dehydrogenase (SDH) and NADH tetrazolium
reductase staining. Histochemistry for cytochrome ¢ oxidase may be weak or absent.
Electron microscopic examination is useful in demonstrating subarcolemmal
increased numbers of mitochondria with irregular cristae, which can show semicircular
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arrangements or paracrystalline inclusions®. Mitochondria size variability and rarefaction
of myofibrils may also be present2°. Respiratory chain defects must be ruled out by
measuring the enzyme activities in the endomyocardial biopsy.

WHEN TO PERFORM AN ENDOMYOCARDIAL BIOPSY IN HCM

Endomyocardial biopsy (EMB) is the gold standard for the identification of cardiac
allograft rejection, myocarditis and infiltrative and storage disease®!, but non-invasive
imaging, genetic testing and biochemical analysis are often sufficient to make specific
diagnoses with resorting to an EMB. The interpretation of EMB specimens requires a
multidisciplinary approach, knowledge of the patient’s clinical history and an appropriate
understanding of cardiovascular pathophysiology.

In Fabry disease, an EMB may be necessary in female patients with equivocal genetic
and biochemical findings22. EMB can provide evidence for a non-genetic aetiology of
HCM, especially in cardiac phosphorylase kinase deficiency. EMB is also helpful in the
evaluation of prognosis and follow up of response to treatment?3.
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