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Abstract. The most common primary cardiac tumors are myxomas, while cardiac hamarto-
mas are rare. Cardiac hamartomas may constitute manifestation of a genetic disorder such
as tuberous sclerosis, or could be diagnosed independently as a solitary lesion. We pres-
ent two rare cases of primary cardiac tumors detected via diagnostic imaging and subse-
quent histopathology examination. The first described case is that of a male preterm foetus
with multiple rhabdomyomas in the heart, discovered during foetal echocardiography. The
finding was later confirmed by autopsy, which also revealed presence of cortical tubers
with typical balloon cells constituting well known epileptogenic lesions in the foetal brain.
The second case describes an even rarer benign cardiac lesion — a hamartoma of mature
cardiomyocytes — which was discovered by chance in a 49-year old female patient during
echocardiography. The performed CT scan revealed a 37 x 16 x 12 mm tumor in the right
atrium obstructing the superior vena cava inlet. The malformation was surgically removed
and examined histologically revealing disorganized hypertrophic mature cardiomyocytes,
partly separated by fibrous strands and admixed with mature adipocytes. Differential diag-
nosis was performed to rule out other benign tumors with myocyte differentiation — cardiac
rhabdomyoma, histiocytoid cardiomyopathy and adult cellular rhabdomyoma. Conclusion:
The diagnosis of cardiac hamartomas was possible only after pathomorphological exami-
nation of material from the tumors. Reporting of rare neoplasms is crucial in order to deter-
mine their prevalence and to inform clinical practice.
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INTRODUCTION

rimary cardiac tumors are rare and predomi-
nantly benign [1]. Clinical manifestation in-

cludes dyspnea, chest pain, heart palpita-
tions, embolisms, cyanosis and others. They are
sometimes discovered accidentally through diagnos-
tic imaging, or post-mortem during autopsy examina-
tion [2]. The most common primary cardiac tumors
are myxomas, constituting 70-80% of all cardiac
tumors [3, 4]. Cardiac hamartomas are significantly
less frequent [4]. These are primarily hamartomatous
formations of the impulse conduction system of the
heart (including Purkinje fibers), diagnosed as histio-
cytoid cardiomyopathy or rhabdomyomas — especial-
ly in the context of tuberous sclerosis [5]. Hamartoma
arising from mature cardiac myocytes is extremely
rare. It was first described by Tanimura et al. [6] in
1988 and to date, only 25 cases have been reported
in the literature [7]. It is histologically characterised
by the presence of disordered hypertrophic cardiac
myocytes admixed with fibrous and adipose tissue.

CASE PRESENTATION

Casel

A 25-year-old patient with spontaneous first preg-
nancy was admitted to our hospital for termination of
pregnancy at 30 weeks gestation after diagnostic im-
aging revealed hyperechoic lesions in the fetal heart.
These lesions had increased in size in comparison
to previous echocardiography scans. In addition,
the scan revealed multiple hyperechoic lesions in
the fetal cortex with ventriculomegaly (inferior horns
of lateral ventricle were 12 mm in diameter) and di-

minished signal from the cavum septum pellucidum
structure. Pathomorphological examination of the
fetus and the placental membranes revealed the fe-
tus was male, 42 cm in length and weighed 1800 g.
The placenta was 17 x 13 x 3.5 cm in size with para-
marginally attached umbilical cord of length 19 cm
and with 3 visible vessels. The placental membranes
were grey, elastic and tensile.

Necropsy examination of the internal fetal organs
revealed presence of multiple intramural unencap-
sulated greyish nodular masses, that ranged in size
from 1 mmto 1 cm.

These were prominent in the cardiac cavities (Fig.
1A) and were composed of enlarged vacuolated cells
with clear cytoplasm due to abundant glycogen de-
posits. An important feature was their so-called spi-
der cell appearance. These cells were positive for the
immunohistochemistry (IHC) marker desmin (Fig. 2).
The proliferative index was notably low, close to 0%.
The necroscopy examination of the lung revealed
presence of 4 lobes (Fig. 1B).

Histologic assessment of the brain revealed cortical
dyslamination with numerous cortical tubers com-
posed of cells with abundant eosinophilic cytoplasm
and large vesicular nuclei (Fig. 3). The described
structural characteristics are indicative of balloon cells,
typically found in cases of focal cortical dysplasia type
IIb in pharmacoresistant focal epilepsy patients.

All remaining organs exhibited histologic features of
immaturity as well as autolysis signs.

The observed pathomorphological features of the fe-
tal myocardium and brain were indicative of cardiac
rhabdomyomas and cortical tubers which are charac-
teristic of tuberous sclerosis.

Fig. 1. Macroscopic images of fetal organs with reference scale in cm. A: heart — transverse section through left and right
ventricle and interventricular septum, demonstrating thickening of the free cardiac walls; B: outer surface of the right lung

showing abnormal morphology — 4 lobes
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Fig. 3. Fetal brain tissue sections stained with hema-
toxylin-eosin (H&E) and S100 protein (IHC). A: Corti-
cal tuber with typical balloon cells (H&E); B: Balloon
cells underneath pia matter, positive for S100 protein
(IHC); C: Perivascular balloon cells, positive for S100
protein (IHC); D: Cluster of S100 protein positive bal-
loon cells with abnormal cell protrusions (IHC)

Case 2

A 49-year-old patient with chronic renal failure follow-
ing glomerulonephritis, undergoing chronic dialysis,
was urgently admitted to the hospital after echocar-
diography revealed a formation in the right atrium.
The patient was in an overall satisfactory clinical con-
dition, with normosthenic body habitus, pale skin and
visible mucous membranes. Diminished “vesicular”
breath sounds, without any wheezes (rhonci), unen-
larged cardiac silhouette, rhythmic cardiac activity
(70 beats per minute), clear cardiac sounds without

Fig. 2. Fetal cardiac tissue sections stained with
hematoxylin-eosin (H&E) and desmin (IHC). A:
Prominent nodules of cardiac hamartomatous rhab-
domyoma formation (H&E); B: Rhabdomyoma (right)
located in the interventricular septum, in contrast to
typical myocardium tissue (left) (H&E); C: Desmin
staining revealing the nodular character of hamarto-
matous rhabdomyoma formation (IHC); D: Magnified
rhabdomyoma nodule with prominent spider-like cell
in the middle stained with desmin (IHC)

any murmurs and arterial blood pressure within the
reference values range were registered.

Paraclinical tests revealed elevated erythrocyte sedi-
mentation rate (ESR) (73 mm/h), increased serum
levels of urea (29.1 mmol/L), elevated creatinine (747
pmol/L) and decreased haemoglobin (8.71 g/dL).

The performed electrocardiographic examination re-
vealed a sinus rhythm of the left position type.

The following echocardiographic examination visual-
ized an immobile formation (37 x 16 x 12 mm) located
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within the right atrium, the interatrial septum and the
atrial wall. The upper vena cava was affected at the
point of its entry in the right atrium. The tricuspid, aor-
tic and mitral valves were intact.

Computer tomography scan confirmed the presence
of a formation in the upper half of the right atrium to-
wards the dorsal wall and the septum, obliterating the
superior vena cava inlet. Marked venous congestion
of v. azygos, v. mammaria, and vv. brachiocephalicae
was observed. No thromboembolisms were found in
the pulmonary trunk, the two pulmonary arteries, nor
in their subsegmental branches.

Due to the intensifying symptoms related to the sub-
total superior vena cava obstruction, the patient was
subjected to surgical treatment using extracorporeal
blood circulation. The part of the tumor formation that
engaged the interatrial septum was deemed inoper-
able. The entry of the upper vena cava was freed by
securing a good blood flow. A plastic surgery of the
right atrium was performed.

Macroscopically, the removed mass (50 x 37 x 30
mm) had brownish color and fibrillar cut surface re-
sembling muscle tissue.

Pathomorphological assessment revealed abnor-
mal histological elements — primarily scattered hy-

Fig. 4. Post-mortem cardiac sections stained with hematoxylin-eosin
(H&E) and elastica van Gieson (EvG). A: Cardiomyocytes separated
by fibrous strands and adipocytes (white circles) (H&E); B: Cardiomyo-
cytes separated by fibrous strands (dark red) and adipocytes (white
circles) (EvG); C: Gigantic cardiomyocyte with spider-like morphology
(H&E); D: Cardiac tissue with disseminated micronecrosis and haem-
orrhages (H&E)

pertrophic muscle fibers containing myocytes with
karyomegaly and irregular nuclear contour as well as
weakly vacuolated cytoplasm. The cardiac myocytes
were partly separated by fibrous strands. Small clus-
ters of adipocytes were also observed. Single large
cardiomyocytes with spider-like appearance were
found. Sporadic disseminated micronecrosis and
haemorrhages were also detected (Fig. 4).

The final diagnosis was hamartoma of mature car-
diomyocytes. Despite the uneventful postoperative
period, the patient ultimately suffered tachyarrhyth-
mia attacks, which have led to fatal outcome a month
after the surgical intervention with a clinical picture of
electro-mechanical dissociation.

DISCUSSION

Most cardiac chamber formations are thrombotic
masses and vegetations of the valves in endocarditis
patients [1, 8]. Although metastases are more com-
mon than primary lesions, they are rarely subjected
to histologic verification. Cardiac metastases are
found in 7-9% of autopsies of patients with malignant
tumors [9, 10]. The first case of primary cardiac tumor
was described by Bodenheimer in 1865 as an au-
topsy finding [11]. The prevalence of cardiac tumors
amongst the Bulgarian population remains
unknown mostly due to the relatively few
autopsies performed. Relatives often refuse
to give consent for post-mortem investiga-
tion which does not facilitate the process of
reaching the final diagnosis. This issue is
also recognized in other countries leading
to a certain degree of variability in the re-
ported frequency of cardiac tumors — from
1:200 to 1:500 [12, 13]. Around 90% of pri-
mary cardiac tumors are benign both in the
pediatric patient subgroup and in adult pa-
tients [12, 14]. Primary cardiac tumors can
be classified in three clinico-morphological
types: benign congenital tumors, benign ac-
quired tumors and malignant tumors [15].
The first type is usually seen in infancy and
early childhood and its prevalence shows
a tendency to increase [14]. This can be
explained with the improvement of fetal
echocardiography methods. Among benign
congenital tumors the most common type
is rhabdomyoma, while fibromas, terato-
mas and congenital haemangiomas are be-
coming increasingly rare [15, 16]. The least
common (around 10% of cases) are primary
malignant cardiac neoplasms, which are
predominantly of mesenchymal origin —
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such as angiosarcoma, undifferentiated pleiomorphic
sarcoma, leiomyosarcoma, rhabdomyosarcoma and
others. Malignant teratomas have been described in
the pediatric patient group [17].

The clinical presentation of tumors depends mostly
on their size and localization. Tumors located in the
right atrium or right ventricle may lead to right heart
failure with abnormal pulmonary venous return, later
presenting with peripheral oedema, hepatomegaly,
ascites, syncope and sometimes sudden death [18].
Tumors affecting the valves may bring about cardiac
insufficiency and/or stenosis [19]. The combination
of mature cardiomyocytes, some of which gigantic
in appearance, separated by fibrous threads and
adipocytes is pathognomonic for hamartoma. In the
context of the second reported case, differential di-
agnosis of hamartoma with other benign tumors (car-
diac rhabdomyoma, histiocytoid cardiomyopathy and
adult cellular rhabdomyoma) with myocyte differen-
tiation was necessary.

Cardiac rhabdomyomas can be solitary or multiple.
They are usually associated with tuberous sclerosis
and are typically found in the heart chambers. Tuber-
ous sclerosis is an autosomal dominant disorder char-
acterised by development of hamartomas in various
organs. It is caused by mutations in tumor suppressor
genes TSC1 and TSC2 which lead to loss of expres-
sion of the proteins hamartin and tuberin, respectively,
which play a role in the mTOR signaling pathway [20].
Multiple rhabdomyomas, as observed in the first pre-
sented case, are found exclusively in tuberous sclero-
sis patients. Macroscopically, rhabdomyomas are well
defined non-encapsulated greyish nodular lesions of
varying size. Solitary rhabdomyoma is found in only
10% of cases [20]. Histologically, the tumor is com-
posed of large cells with abundant clear vacuolated
cytoplasm rich in glycogen. The presence of so-called
spider-like cells is a typical hallmark of cardiac rhabdo-
myoma. Spider cells are characterised by cytoplasmic
radial protrusions with contractile myofilament from
the central nucleus to the cell periphery. They express
immunohistochemical markers for striated muscle tis-
sue (myoglobulin, desmin, actin and vimentin). The
spider-like cells were markedly more abundant in the
tissues of our case 1 compared to case 2. Partial or
complete spontaneous regression of cardiac rhabdo-
myomas is possible, including in the context of tuber-
ous sclerosis [21].

Histiocytoid cardiomyopathy is a rare finding charac-
terised by a tendency for arrhythmias due to ham-
artomatous proliferation of structures of the impulse
generating and conducting system of the heart — the
sinoatrial node, atrioventricular node and Purkinje
network [22]. It is diagnosed primarily in the first two

years of life. There are no reports of patients diag-
nosed with such lesion after the age of 25 [5]. Patho-
morphological examination of histiocytoid cardiomy-
opathy demonstrates multifocal poorly demarcated
nodular lesions of proliferating polygonal cells with
granular eosinophilic cytoplasm, round nuclei, some
of which exhibiting prominent nucleoli [20]. The de-
scribed cells are found in both ventricles, the sep-
tum, and rarely in the valve apparatus of the heart
[22]. The sinoatrial and atrioventricular nodes are in-
volved in about 28% of cases, however, it should be
noted that these structures are not routinely dissect-
ed. Hamartomas are characterised by overgrowth
of mature differentiated cells in an organ, showing
improper arrangement. Although their aetiology is
unclear, their presence is associated with abnormal
development of embryonic cell lineages [23]. In ad-
dition to the hamartoma of the impulse generating
and conducting system of the heart, there is also a
hamartoma originating from mature cardiomyocytes,
as established in the second described case. Ham-
artomas have been described in 25 patients aged 6
months to 76 years old with a mean age of 24 years
[7, 23]. Two thirds of those affected were male. Ham-
artoma of mature cardiac myocytes occurs in the
form of a solitary or multiple tumors in both cardiac
atria and ventricles [24]. Those in the atria can cause
the development of supraventricular arrhythmias and
Wolf-Parkinson-White syndrome, while tumors locat-
ed in the ventricles cause sudden death. Macroscopi-
cally, they are moderately dense, poorly demarcated
masses, ranging in size from 0.2 cm to 5.0 cm in their
largest diameter [7]. The cut surface is similar to that
of the heart muscle. Histologically, hamartomas are
composed of disorganised bundles of hypertrophic
cardiomyocytes with karyomegaly and irregular nu-
clear contours. The interstitium shows an increased
amount of collagen, dilated venules and a slight thick-
ening of the walls of the intramural arteries. Scattered
small groups of adipocytes are also found [25].

Only a few cases of cardiac cellular rhabdomyomas
in adults have been described in the literature [25,
26]. This type of neoplastic process is common in the
head and neck region (extracardiac rhabdomyomas).
Histologically, hypertrophic cardiomyocytes with a
light fine-grained cytoplasm are observed and there
are no adipocytes, contrary to the the tumor we ob-
served in case 2.

The first case of hamartoma of mature cardiomyo-
cytes was described in 1988 [27]. A crucial compo-
nent of the diagnostic process of hamartoma is the
presence of hypertrophic cardiomyocytes with histo-
architectural damages, mixed with fibrous and adi-
pose tissue in different proportions. The typical mani-
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festation of hamartoma of mature cardiomyocytes
is the ventricular tachycardia in children and young
people [2, 27, 28, 29, 30, 31], whereas our patient
(case 2) was 49 years old. In cases with larger tumor
sizes and arrhythmias or other complications, surgi-
cal treatment is required, which usually leads to per-
manent healing of the patient.

The presence of hamartomatous formations in child-
hood and their slow growth point to a possible con-
genital origin with subsequent hypertrophic changes
during the first years of life. Such origin was observed
in case 1. The less common slow growing hamarto-
mas may be detected in older individuals, as in the
second described case. There is an increased risk
of arrhythmias and sudden cardiac death in cases
where the impulse generating and conducting sys-
tem of the heart is involved. In these patients, com-
plete surgical resection of the lesion is impossible.
Despite the smooth postoperative period and tem-
porarily improved condition, our second case ended
lethally with a clinical picture of electro-mechanical
dissociation. Autopsy was not performed due to re-
fusal from the patient’s relatives.

CONCLUSION

Cardiac rhabdomyomas are diagnosed primarily in the
paediatric group of patients in the context of tuberous
sclerosis. Their presence and development can be de-
tected early by intrauterine fetal echocardiography. In
such cases, the diagnosis of tuberous sclerosis is con-
firmed by medical and genetic consultation. It should
be noted that in addition to myocardial damage, which
is detected in the described case 1, disseminated epi-
leptogenic areas (cortical tubers with balloon cells) are
present in the brain, as well as various hamartoma-
tous formations in other organs (kidneys, lungs, eyes).

Hamartomatous formations of the heart are rarely ob-
served. There are two main histological types of ham-
artoma — one of the structures of the impulse gener-
ating and conducting system of the heart (histiocytoid
cardiomyopathy) and the less common one of mature
cardiomyocytes. While the former occurs mainly in
children, the hamartoma of mature cardiomyocytes
can be diagnosed in adult patients. Because the car-
diac impulse generating and conducting system may
be affected, rhythm-conduction disorders are often
observed, which can be fatal in these patients. Rare-
ly, sudden cardiac death is their first manifestation.
The second described case displays non-specific
clinical symptoms. Instrumental examinations proved
the presence of a tumor. However, they were unable
to determine its type. The diagnosis of hamartoma of

mature cardiomyocytes was made only after tumour
biopsy.

We found it necessary to describe these rare cases
because, despite the declining number of incidences,
primary heart tumors do exist and are often associ-
ated with significant changes in other vital organs,
such as cortical tubers in the brain in the context of
tuberous sclerosis.

Disclosure summary: The authors have nothing to disclose.
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