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Abstract. Myxomas of the heart are one of the most common primary heart tumours, which most often develop in the
left atrium, are characterised by a benign nature and no relapses after surgical removal of the tumour. Karney complex
is an autosomal dominant disease characterised by numerous tumours, in particular, myxomas of the heart. Insufficient
coverage of this pathology in the literature leads to an erroneous diagnosis, progression of the disease and inadequate
treatment. The purpose of the study was to determine the morphological features of heart myxomas in patients with
Karney complex. Using light microscopy, a morphological examination of the heart myxomas was performed, which were
removed during 7 operations. Histological sections were made from the operating material, which were stained with
hematoxylin and eosin, according to Van Gieson, fuchselin, and Masson's Trichrome Stain in the Zerbino-Lukasevich
modification. A comparison of the group of heart myxomas of patients with the Karney complex (16 tumours) with a
group with myxomas of the heart that occur sporadically (278 tumours) was made to identify morphological features. It
was established that myxomas of the heart are multiple, they were detected with the same frequency in the right and left
chambers of the heart. It was generalised that in myxomas of the heart, signs of both alteration and high proliferative
activity of endotheliocytes and fibrous connective tissue cells are noted. Secondary myxomas of the heart in patients
with the Karney complex have the same structural organisation as primary tumours, but most often they are not relapses,
more often they are multiple and do not have a predominant localisation in the left atrium. The analysis established an
identical cellular composition of both groups of heart myxomas, which suggests the same source of tumour growth, but
the presence of more complex cell formations in sporadic myxomas and the predominance of single cells in Karney heart
myxomas indicate the existence of differences in their morphogenesis

Keywords: benign tumours; morphology; mitral valve; Carney syndrome; light microscopy

INTRODUCTION
According to statistics, among the pathologies of the cardi-  a frequency of 0.0017-0.02%. They pose a substantial prob-
ovascular system, benign heart tumours are detected with ~ lem in their detection and occupy a leading place among
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all heart diseases [1]. Myxomas of the heart are one of the
most common benign tumours that develop from the vas-
cular endothelium, can occur at any age, but most often
they are diagnosed in 30-60 years, and in women, the de-
velopment of the disease occurs 2-3 times more often than
in men. Despite the proven benign nature of tumours, ex-
perimental data cause oncologists to be wary.

Analysis of papers by such researchers as: V.V. Popov
et al. [1], R.M. Vitovskyi et al. [2], and A. Kumar et al. [3]
indicates that the asymptomatic course of this pathology
in the early stages of myxoma development, polymor-
phism of clinical symptoms with further development
of the disease, requires correct steps in the diagnosis of
heart myxomas.

Timely recognition of primary heart tumours is a
difficult task, because, according to P.T. Lee et al. [4] and
A.G. Griborio-Guzman et al. [5], there are no pathogno-
monic signs, and the disease has an asymptomatic course
in the early stages. Myxomas of the heart are a pathology
that is rare: from 0.002 to 0.02% and up to 0.2% of cases in
autopsies. According to S. Espiard et al. [6] and P.B. Saputra
et al. [7], myxomas of the heart most often develop in the
left atrium, attach to the atrial septum in the area of the
oval window or at the confluence of the pulmonary veins,
are characterised by unicentric growth, benign nature and
no relapses after surgical removal of the tumour.

For a long time, there was no doubt that in all cases
clinical myxomas of the heart occur sporadically (CMH).
However, in recent decades, in the scientific literature,
reports of L.Y. Fedonyuk et al. [8] that the disease can oc-
cur in several members of the same family have appeared.
Despite the fact that only 15 families with this patholo-
gy were described before 1992, according to M.I. Shved et
al. [9], 5-10% of all heart myxomas are hereditary. K. Wei et
al. [10] indicate that this nosological form is characterised
by the fact that myxomas of the heart are part of a symp-
tom complex that was originally called nevi, atrial myxo-
ma, mucocutaneous myxomas, ephelides (NAME), or len-
tiginosis, atrial myxoma, mucocutaneous myxomas, blue
nevi (LAMB). According to C.D.C. Kamilaris et al. [11] and
S. Cherenko et al. [12], this syndrome was later renamed the
Carney complex in honour of researcher Carney.

Modern literature reviews indicate that myxomas of
the heart occur in 30-60% of patients with Karney complex.
In this case, the neoplasm can damage any chamber of the
heart. However, G. Pitsava et al. [13] in the Karney com-
plex, localisation of the heart myxomas in the right parts
of the heart is noted (67% of cases), which is more than 8
times higher than the localisation of sporadic heart myx-

omas. Most studies on the Karney complex and hereditary
heart myxomas have a clinical focus, although some stud-
ies contain isolated data on morphological studies of the
heart myxomas in patients with the clinical Karney com-
plex (CKC). Thus, myxomas of the heart with the Karney
complex continue to attract the attention of both cardiac
surgeons and morphologists-oncologists. The question of
the occurrence of tumours of exracardial localisation in
such patients remains open.

The purpose of the study was to examine the structur-
al organisation of the heart myxomas and determine the
morphological features of tumours in patients with Karney
complex.

MATERIALS AND METHODS

A retrospective morphological study of 16 heart myxomas
removed during 7 operations was performed at the M.M.
Amosov National Institute of Cardiovascular Surgery dur-
ing the last 20 years. The first 4 follow-ups belonged to
individuals from the same family: 2 cases of heart myxo-
mas in the mother and 2 cases of heart myxomas in her
son. In two cases of observation, tumours were detected in
one patient. One observation was represented exclusively
by a primary tumour. In one patient, mitral valve insuffi-
ciency was detected after removing the left atrial myxoma,
associated with prolonged prolapse of the heart myxomas
into the left ventricular cavity. In this regard, mitral valve
plastic surgery was performed with resection of part of the
anterior leaflet. The study was conducted in accordance
with the rules of the Helsinki Declaration [14] and with the
patient’s consent due to the need for examination and sur-
gical treatment. The choice of subjects was made among
all patients with myxomas of the heart based on the estab-
lished diagnosis — Karney complex.

The operating material was fixed in a 10% formalin
solution. Histological sections were made from paraffin
blocks obtained by the conventional method. The prepara-
tions were stained with hematoxylin and eosin for review
microscopy, Van Gieson for investigating the state of the
collagen and muscle components of the tumour, fuchse-
lin for determining elastic fibres, and Masson’s trichrome
stain (MSB) in the Zerbino-Lukasiewicz modification for
investigating fibrin and other blood components. The drugs
were described using an algorithm scheme, which included
the following characteristics of the description of sporadic
heart myxomas: localisation in the heart chambers, mobil-
ity of the neoplasm, the presence of a leg in the tumour, the
shape, surface, consistency of the tumour, and the cellular
composition of the myxoma (Table 1).

Table 1. Algorithm for describing morphological changes by heart myxomas

Divisions of myxoma of the heart

Object

Morphological feature

Leg - the basis of the tumour

Structures from tumour cells

Single mononuclear cells
Single multinucleated cells
Nonperfused compact syncytia
Nonperfused ocular syncytia
Perfused syncytia

Vessels

Arteries
Veins

Lymphatic vessels
Small sinusoids
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Table 1. Continued

Divisions of myxoma of the heart Object Morphological feature
Large Sinusoids
Vessels Lumen obliteration
Leg - the basis of the tumour Endothelial cell transformation
Dystroph
General pathology y.s rop' Y
Fibrosis

Structures from tumour cells

Single mononuclear cells
Single multinucleated cells
Nonperfused compact syncytia

Nonperfused ocular syncytia

Perfused syncytia

Body (central part) of the tumour

Vessels

Arteries

Veins

Lymphatic vessels

Small sinusoids

Large Sinusoids

General pathology

Hemorrhages

Necrosis
Lymphocytic infiltration
Infection

Structures from tumour cells

Single mononuclear cells

Single multinucleated cells

Nonperfused compact syncytia

Nonperfused ocular syncytia

Perfused syncytia

Capsule (peripheral part) of the tumour

Vessels

Arteries

Veins

Lymphatic vessels

Small sinusoids

Large Sinusoids

A . Hemorrhages
Subordinate sections -
Necrosis
S th
Relief ITIOO
Villous
Surface Endothelium
Cellular composition One row of tumour cells

Many rows of tumour cells

Source: compiled by the authors

A comparison of the CKC group (16 tumours) with the
CMH group (278 tumours) was made to identify the fea-
tures of the structural organisation of the heart myxomas
in patients with Karney complex.

RESULTS

When investigating patient medical histories and oper-
ating log data, it was established that the average age of
patients with CKC was 18.9 £6.1, and the average age of
patients with CMH was 46.1£4.7 years, which is more than
2 times higher than the same indicator. Analysis of the lo-
calisation of neoplasms indicates that in patients of both
the first and second groups, myxomas of the heart were es-
tablished in all its chambers. Therewith, CKC occurred with
the same frequency in the right and left chambers of the
heart (1:1). In the left atrium, CKC developed in 37.5% of
cases, in the left ventricle — in 12.5% of CKC. Damage to
the right atrium, and to the right ventricle, was observed in
25% of CKC, respectively.

In contrast to CKC, CMH clearly showed selective lo-
calisation in the left atrium (89.3%), and in 0.4% of cases,
tumours were localised in both ventricles and in the right
atrium (1.4%, respectively). CKC was established to be
most often multiple (2-3 tumours). In contrast, only 1 case
of CMH (0.4%) showed damage to both atria.

The site of the most frequent CMH fixation was the
atrial septum in the oval window area (86% left atrium
myxomas and 70% right atrium myxomas). While only 25%
of CKC developed from this area of the atrial septum.

Macroscopically, in each case, the myxoma was a
translucent, “mottled” tumour on the incision due to ar-
eas of necrosis and haemorrhage with a wide base, was of
a soft elastic consistency and fit snugly to the wall. Mac-
roscopic examination of CKC indicates the existence of
two types of tumours: compact with a smooth surface and
loose with villous outgrowths on the surface. The size of
the tumours ranged from a few millimetres to 15 cm, usu-
ally, they were spherical in shape, and had a gelatin-like or
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dense consistency. The same differences were established
in the CMH group. However, in the CKC group, almost all
tumours were swollen. While among CMH, 62.9% were
loose tumours and 37.1% were dense. In all myxomas of
the heart of both groups, the “leg” (or base) was deter-
mined, that is the formation that provided fixation of the
tumour in the heart cavity.

In 72% of cases, the surface of the myxoma is smooth
and covered with a thin “false” capsule, which was formed
by the endothelium of the endocardium, in the remaining
38%, the surface had the appearance of villi, which were
formed by tumour valves. Myxomas with a villous surface
were often macroscopically fragmented, which was due to
the inability to completely remove the tumour. It was vil-
lous myxomas that created the threat of separation of cer-
tain fragments and parts of the tumour during heart con-
tractions, followed by embolism of arterial vessels.

Only one observation in altered vessels identified the
transformation of endotheliocytes in tumour cells. In this
case, the vascularisation of the tumour was similar to that
described in CMH cases. The bulk of the tumour was repre-
sented by an amorphous oxyphilic substance.

The CKC cell population was relatively homogeneous.
The stroma of these tumours was dominated by single cells
of rounded, elongated and fusiform shape with one or more
centrally located nuclei. The latter was characterised, as a
rule, by a rounded or oval shape and barely noticeable nu-
cleoli. The karyolem was dominated by euchromatin, and the
nuclei were slightly basophilic in colour. Areas of “enlighten-
ment” of the pericellular matrix were noted around the cells.

Similar cellular forms are typical for CMH. However,
the population of cells of the latter is more pronounced in
diversity. In such tumours, in addition to individual cells,
polymorphic nonperfused and perfused syncytia were ob-
served, which consisted of the cellular structures of the
tumour (Fig. 1).

Figure 1. Single and syncytial cell structures in sporadic
heart myxoma. Hematoxylin and eosin. X 400

Unlike CMH, the CKC body was characterised by a
small number of syncytial structures. Only in some prepa-
rations, the presence of a small number of unanalysed
compact syncytia was noted. The cells in the tumour were
structurally similar to endotheliocytes and may be involved
in the formation of sinusoid thin-walled blood vessels
that cannot function as normal vessels. In this regard,
blood-filled structures were often observed in myxomas

that could not withstand the influence of the hemodynam-
ic factor of blood flow, which led to the formation of com-
mon hematomas in the tumour body.

The surface of most CKC was represented by tumour
cells in the same way as the surface of loose villous CMH.
Depending on the macroscopic organisation, the surface
of smooth heart myxomas was represented by the endo-
cardial endothelium, and the surface of loose villous tu-
mours was represented by the vascular endothelium. In
areas that are located close to the base, it was possible to
detect remnants of endothelial cover. Among CKC, in only
one follow-up, one of the two tumours was compact and
covered with endocardial endothelium in the same way as
all compact CMH.

In all observations, separate single- or multinucleated
cells with a more or less pronounced pericellular rim were
established. Myxomal cells were located singly or in small
groups in the myxomatous matrix. In addition, in patients
with CKC, damage to the mitral valve leaves was observed,
which was provoked by the prolonged existence of myxoma
of the heart.

Histological examination of the part of the mitral valve
of the heart that was removed during surgery identified
that in its dense surface layer on the atrial side, there were
elegant bundles of collagen fibres, sometimes homoge-
nised or fragmented and with other signs of degenerative
changes. From the outside, they were covered with an une-
venly organised layer of loose fibrous unformed connective
tissue, and on the damaged surface of the mitral valve leaf,
signs of active proliferation of endothelial cells were noted,
which formed papillary structures (Fig. 2).

|

Figure 2. Mitral valve. Proliferation of endotheliocytes
on the damaged leaf floor. Hematoxylin and eosin. X 400

The spongy layer of the leaf formed by loose connective
tissue was very thin in a substantial area, but at the base of
the chord, especially at the valvular edge, its volume in-
creased dramatically due to oedema and fibroblast prolifer-
ation. Connective tissue cells had a typical morphological
structure, which is characteristic of fibroblastic cells in mi-
tral valve damage in patients with acquired malformations
not caused by heart tumours. The described changes in the
mitral valve leaf in CKC of left atrial localisation can, on the
one hand, be associated with chronic mechanical injury to
the valve structures by a tumour that has fallen into the left
ventricle. On the other hand, it cannot be excluded that the
high proliferative activity of the endothelium and connec-

Bulletin of Medical and Biological Research. 2023. Vol.16, No. 2



L. Fedoniuk et al.

tive tissue elements is a manifestation of genetic features
that are characteristic of the Carney complex.

Therefore, there is reason to believe that the morpho-
logical changes described in patients with CKC are second-
ary to the cardiac tumours observed in patients with CMH.
Microscopic examination of both groups by heart myxomas
identified that the cellular composition and stroma com-
ponents of these myxomic tumours are not fundamentally
different, however, when investigating CKC, massive foci of
necrosis and haemorrhages drew attention to themselves,
which indicated a violation of the blood supply to tumours.
An indirect confirmation of this was the almost complete
absence of typical CKC blood vessels with signs of intima
hyperplasia and middle membrane hypertrophy in the area
of the CMH base. And only in a few histological prepara-
tions from the 4™ observation, sharply sclerosed deformed
blood vessels of the arterial type could be detected in the
“leg” of the tumour.

DISCUSSION

Carney syndrome is a disease that is transmitted by an au-
tosomal dominant type of inheritance, characterised by the
development of myxomas not only of the heart but also of
other organs. Clinical manifestations of this pathology can
be: spotty pigmentation of the skin, the appearance of such
neoplasms as tubular testicular adenoma, pituitary adeno-
ma, and thyroid tumours in patients [15-17].

There is no clear morphological feature or several fea-
tures that would allow clearly distinguishing between myx-
omasoftheheartaspartof Carney’s syndrome and CMH [18].
However, according to J. Carney & R.G. Swee [19], primary
heart tumours associated with Carney syndrome have no
age or gender characteristics, can be either single or mul-
tiple, located in different chambers of the heart, and have
a tendency to relapse despite proper surgical treatment.

In almost all CKC observations, the benign nature of
the tumour was not in doubt, and this is consistent with
the generally accepted view of researchers about the ap-
pearance of myxomas of the heart. In the case where signs
of active proliferation were detected, but there are no atyp-
ical cells, it does not allow classifying this tumour as malig-
nant. However, for scientific confirmation of the assump-
tion about the malignant origin of the myxomas, additional
studies are needed, in particular, a comparative immuno-
histochemical examination of the proliferative activity of
both groups of the myxomas of the heart, and modern ge-
netic analysis of tumours and patients [20, 21].

Researchers note that CKC recurs more often than
normal heart myxomas. According to various authors, their
number ranges from 7 to 20%. Complications such as em-
bolism, acute circulatory failure, and arrhythmia, which are
often observed in patients with pathology of the cardiovas-
cular system, indicate the possibility of a malignant course
of heart myxomas. Embolism is a threatening symptom in
the clinical course of myxoma of the heart and occurs in
30-45% of patients with a left atrial tumour [22, 23].

According to the results of the conducted studies, it
was established that relapse was considered CKC in one
observation, since it occurred in the left atrium, on the
atrial septum in the area of the oval window, that is, in the
same place where the first tumour was localised (accord-
ing to the medical institution where the first operation

was performed). In the remaining observations, the tu-
mours were primary, as evidenced by new sites of forma-
tion and growth.

CKC, in contrast to CMH, were more likely to be mul-
tiple rather than isolated and did not have a predominant
localisation in the left atrium. Comparative analysis of the
cellular composition of CKC and CMH allows assuming the
same origin of the two groups of tumours.

According to the analysis of literature sources, with the
left atrial localisation of myxoma, the tumour prevents the
complete closure of the mitral valve leaves, which causes
a clinical picture of a combined mitral heart defect, myx-
oma of the right ventricle will clinically manifest itself as
a symptom complex of pulmonary artery stenosis, and in
the case of left ventricular damage, it will clinically man-
ifest itself as signs of aortic stenosis, myxoma of the right
atrium imitates the syndrome of the upper or lower vena
cava due to partial overlap and difficult outflow of blood
from these veins, which is consistent with the clinical trials
observations. Massive foci of necrosis and haemorrhage,
which were diagnosed by light-optical examination of the
surgically removed heart myxomas, indicated a violation
of blood supply to the myxomas, which is due to insuffi-
cient tropism of the tumour. Only in a few drugs from the
4th observation, sharply sclerosed deformed arteries could
be detected in the “leg” of the tumour. Detection of these
structures is extremely important for the identification of
tumours since they are one of the indications of the vascu-
lar origin of heart myxomas [23, 24].

However, if in CMH the development of the tumour is
directed mainly towards the formation of vascular struc-
tures (perfused syncytia, sinusoid vessels), then in CKC the
growth of the tumour occurred mainly by multiplying sin-
gle cells without specific structure formation. That is, there
is reason to assume that CKC is characterised by a more
“primitive” way of development.

Microscopically, deformed arteries were often estab-
lished at the base of the tumour, and in the central part —
areas of necrosis, haemorrhage. Since myxomas are washed
with blood located in the chambers of the heart, tumour
cells multiply and grow over their necrotic areas, which al-
lows for villous outgrowths to form. In 80% of cases, the
tumour is attached to the endocardium by a long leg, less
often it is fixed by a wide base, and over time, myxomas of
the heart can calcify [25].

The ability to relapse and embolic complications al-
low classifying myxomas of the heart as benign tumours
but with the possibility of a malignant course, which caus-
es special attention from clinicians and requires timely
diagnosis.

CONCLUSIONS
CKC, like CMH, are benign heart tumours, and CKC are
more often multiple than separate, and unlike CMH, they
do not have a predominant localisation in the left atrium.
Myxomas are translucent, colourless tumours of a soft con-
sistency that differ in the presence of an external connec-
tive tissue capsule.

The cellular composition and stroma components of
these tumours do not differ fundamentally, and this allows
assuming a common source of tumour growth. However,
the presence of more complex cell formations in CMH and
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the predominance of single cells in CKC indicate a different
level of cell organisation in CKC tumours and the existence
of differences in their morphogenesis.

Massive foci of necrosis and haemorrhages indicate a
violation of the blood supply to tumours, which are caused
by both changes in the structure of feeding vessels and
newly formed sinusoid vessels. In the structures of the mi-
tral valve that is mechanically affected by the heart myx-
omas in patients with CKC, there are signs of changes in

tumour cells with CMH, and genetic analysis of patients,
are of interest. In clinical practice, the study involves con-
ducting a taxonomy of patients and clinical manifestations
of the disease, creating an algorithm for early diagnosis of
heart myxomas, which will allow the development of ade-
quate methods for treating the disease and preventing its
complications.
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AHoTauifi. MikcoMu ceplisi — OIHi 3 HANTIOMMPEHI X TePBUHHUX ITyXJIMH CePIIs, sIKi HajfyacTilie po3BMBaIOThCS Y TiIBOMY
nepencepi, XapakTepU3ylThCS JOOPOSIKICHUM XapakTepoM i BiICYTHICTIO pelMIMBIB MiC/Is XipyprivHOTO BUIAIEHHS
nyxyHU. KoMiiekce KapHest — ayTOCOMHO-IOMiHaHTHE 3aXBOPIOBAHHSI, 110 XapaKTePU3YETHCS YUMCIIEHHUMU MyXJIMHAMMU,
30KpeMa — MikcomaMu cepusi. HemjocraTHE BUCBIT/IEHHS JaHOI MMATOJOrii y /iTepaTypi Npu3BOOUTb 10 MOMMWJIKOBOTO
[liarHO3Y, MPOTrpecyBaHHSs 3aXBOPIOBAHHS Ta HEaJeKBAaTHOTO JTiKyBaHHS. MeTo10 po60Tu 6y/io BU3HaUeHHS MOP(MOIOTiuHIX
0COGMMBOCTE MIKCOM ceplis Yy XBOpUX i3 KomIuiekcoM KapHesl. 3a JOMOMOTOI0 CBIiT/JIOBOi MiKpOCKOIii MpoBemeHo
MopdosoriuHe TOCTiIKeHHST MiKCOM ceplisl, BUTAIEHNX ITiJ yac 7 omepariiii. 3 onepariifHoro Matepiary BUTOTOBJISIIIU
ricrosioriuHi 3pisu, sKi ¢papOyBaaM reMaTOKCUIIHOM Ta €03MHOM, 3a BaH T'i30H, pykceniHoM, a Takok Masson's Trichrome
Stain y mopgudikanii 3ep6ino-JIykaceBud. [Is1 BUSBIEHHS MOPGOIOTiUHUX OCOBIMBOCTEN 6y/10 3p061eHO TTOPiBHIHHS
IpyIy MiKCOM CepIist XBOpuX i3 KoMmruiekcom KapHes (16 myx/uH) i3 IpyIroo MiKCOM ceplis, 0 BUHMKAIOTh CIIOPaANIHO
(278 myxnuH). BcTaHOBJIEHO, 1[0 MiKCOMM CEPIISl € MHOKMHHUMY, BOHM 3 OJJHAKOBOIO YAaCTOTOI BU3HAYAIUCDH Y TIPABUX i
JIiBMX KaMepax ceplsi. Byrno y3arajibHeHO, 110 TpM MiKCOMax Ceplisl Bij3HAUYaIOThCSI O3HAKY SIK ayibTepallii, Tak i BUCOKOI
npoidepaTUBHOI aKTUBHOCTI €HIOTETIOUNUTIB i KIITUMH BOJOKHUCTOI CITIONYYHOI TKaHWHU. BTOpUMHHI Mikcomu cepiis
y XBOpUX Ha KoMIuiekc KapHesi MalOTh Taky X CTPYKTYpHY OpTraHisallilo, 110 i TIepBUHHI MyXJIMHU, TIPOTe HajtyacTiiie
BOHUM He € peluAuBaMy, yacTinie GyBalOTh MHOKXMHHMMM, HE MAlOTh IepeBaskHOI JoKasi3alii y JiBoMy Tepencepmi.
ITpoBemeHMii aHasIi3 BCTAHOBMB iIEHTUYHMII KIITMHHMIA CKIam 000X I'pyNl MiKCOM Ceplis, IO ITO03BOJISE MPUITYCTUTU
OJTHAKOBE KePesio POCTY MyXJIVH, ITPOTe HAsIBHICTh Y CIIOPAANYHUX MiKCOMAaX OGiTbIIl CKIaJHNX KIITUHHUX YTBOPEHb Ta
repeBakaHHsI B KapHest MikcoMax ceplisi TOOAMHOKMX KJIITUH CBiIUMTH ITPO iCHYBAHHS BifMiHHOCTeH B ix MopdoreHesi

KntouoBi cnoBa: no6posikicHi myxaHu; MopdOoIIoTist; MiTpanbHUI KianaH; cMHapoM KapHes; CBiT/IOBa MiKpOCKOTITisT
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