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Cardiac myxoma is a primary tumor histologically formed by multipotent subendocardial mesenchymal cells.
Myxomas account for approximately 50% of all cardiac tumors in adults. Myxomas are most commonly located
in the left atrium. Very rarely, myxomas can be located in several heart chambers. Only about 100 cases of patients
with myxomatous lesions of both atria have been described in the literature. In this paper, we present a successful

clinical case of a young patient with biatrial myxomas.
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The first description of cardiac tumors was made
by Italian Renaissance anatomist and surgeon Matteo
Realdo Colombo. In his book “De re anatomica”, pub-
lished in 1559 by his pupils after his death, the following
description is given: “In Cardinali Gambaro Brixiano
tumorem praedurum, et ad ovi magnitudinem in sinistro
cordis ventricolo Romae vidi, ubi illum in affinium gra-
tiam dissecarem”. The literal translation of the quotation
reads, “In Rome I saw a solid tumor, large like an egg,
in the left ventricle of Cardinal Gambaro of whom I was
committed by the Pope to make autopsy.”) [1].

For centuries, cardiac tumors have been incidental
findings in autopsies of deceased patients. In a 1951
article reviewing 150 cases of cardiac tumors detected
at autopsy, Richard Prichard wrote that the most com-
mon tumor, the myxoma, has never been diagnosed in
a living patient [2].

In the same year, Goldberg and colleagues were the
first to diagnose left atrial myxoma in vivo. The patient
was a 3.5-year-old boy with residual weakness in the
right side of the body after incoming hemiparesis. By
the time of angioventriculography and tumor imaging,
the patient had already undergone 4 hospitalizations. In
addition to weakness in the limbs, physical examination
of the patient revealed a distinct systolic murmur at the
apex of the heart. Surgical treatment of the child was
postponed due to high risk and waiting for completion
of the tweaking of the heart-lung machine. Nevertheless,
7 months later, the child with clinical signs of pulmo-
nary edema was operated on for emergency indications.
The operation was unsuccessful, histological picture of
the resected tumor was consistent with cardiac myxoma
[3]. Angiocardiography was not the technique of choice
for diagnosing cardiac tumors because of a number of
significant drawbacks. This diagnostic procedure was

performed only in large medical centers, was highly in-
vasive, painful and inaccessible to the general popula-
tion. In 1959, the first echocardiographic imaging of an
intracardiac tumor was obtained, which was certainly a
breakthrough in treatment, greatly simplifying the diag-
nosis of this disease [4]. The first successful operations to
resect heart and pericardial tumors were performed on a
working heart. In 1936, S. Beck resected an intrapericar-
dial teratoma [5]. In 1951, E. Maeur reported a successful
resection of an epicardial lipoma [6]. All attempts to re-
sect tumors localized inside the heart chambers ended in
the death of the patient. The most successful attempt was
made in 1952 by Bahnson. The operation was performed
under hypothermic conditions. The surgeon performed
a right atriotomy, isolating the blood flow of the vena
cava from the right atrium, which allowed to remove a
large right atrial myxoma. Unfortunately, the patient died
24 days later from transfusion complications [7]. The
use of a heart-lung machine was a clear breakthrough.
It allowed to obtain the necessary tumor resection time
under direct visual control. One of the pioneers of world
cardiac surgery, Clarence Crafoord, performed the first
successful tumor resection under artificial circulation. In
1954, a woman with atypical mitral stenosis was referred
to him. She complained of dizziness and transient isch-
emic attacks, but she had preserved sinus rhythm, which
surprised the professor. The patient underwent transtho-
racic puncture of the left atrial posterior wall with an
18-cm needle. Dr. Bjork describes his memories of the
diagnostic procedure as follows: “We got a very clear
image of the myxoma fixed to the interatrial septum. Dur-
ing diastole, it fell downward, blocking the mitral valve
opening. This case taught us how to conduct differential
diagnosis of myxoma in the presence of mitral stenosis
and preserved sinus rhythm.” The operation to remove
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this myxoma was the first case of the use of a heart-lung
machine in Sweden. It was performed when the patient
was cooled to 28 °C, on a fibrillating heart through a left
lateral thoracotomy access. After performing atriotomy,
the tumor was divided into three parts and removed.
The patient remained on the operating table until the
next morning. Thirty-eight years later, she described
her condition as excellent [8]. For a long time, surgical
procedures under artificial circulation, hypothermia, on
a fibrillating heart were the gold standard of cardiac sur-
gery. Sometime after this operation, many publications
on successful resections of intracardiac tumors began to
appear. In the Soviet Union, the first operation to remove
a right atrial myxoma under artificial circulation was
performed by Soviet surgeon Ivan Kolesnikov in 1962
[9]. A little later, Yipintsoi et al. described the first case
of successful removal of a biatrial myxoma, in 1967 [10].

Myxomas are the most common primary cardiac tu-
mor in the adult patient population with about 0.0017%
prevalence in the general population. Among all cardiac
tumors, myxomas account for 50% in the older age group
and 15% in the younger age group [11]. The peak diag-
nostic incidence is in the 30—40 year age group [12]. The
formation usually attaches to the interatrial septum on
the left atrial side (60—-88%). Right atrial myxomas are
3—4 times less common (4-28%). Myxomas of several
anatomical localizations account for 5% of all observa-
tions, and bi-atrial localization is only 2.5% [13]. Biatrial
myxomas are usually attached by a stalk in the area of
the oval fossa of the interatrial septum and grow towards
the cavities of both atria [14]. Cases of localization of
myxomas on the inner wall of the pulmonary artery,
ventricles, vena cava, and atrio-ventricular valves have
also been described in the literature [15, 16]. About 5%
of patients have a familial form of the disease — multi-
focal tumor complex with autosomal dominant mode
of inheritance. Patients in this group have an abnormal
chromosomal DNA genotype. They are usually young
[17]. In the familial form, there is no correlation between
male and female gender. Myxomatous lesions of several
chambers of the heart are significantly more common
in these patients than in the sporadic form. Despite the
identical histology, the recurrence rate after surgical re-
section in the familial form is higher, and is seen in 21 to
67% of cases. There is a familial syndrome inherited in
an autosomal X-linked mode of inheritance, named after
Irish physician J Aiden Carney. This complex includes
recurrent myxoma of the heart, proliferative pathology
of'endocrine organs, skin lesions: nevi, pigmented spots,
or skin myxomas. Endocrine disorders are variable, usu-
ally represented by one of the following proliferative
disorders: adrenal cortical tumor, breast fibroadenoma,
pituitary adenoma, thyroid tumors, Sertoli cells of the
testes in men, or a combination of these [18, 19]. The
diagnosis of Carney disease is most likely reliable when
there are two or more diagnostic findings. Biatrial myxo-

ma may be part of Carney disease, so a patient with this
diagnosis needs consultation with an endocrinologist and
a dermatologist [20].

The size of myxoma, on average, varies from 1 to
12 ¢cm in diameter, and the mass ranges from 0.6 to 80 g.
The average mass often varies between 50—60 g. The
macroscopic picture of myxomas is varied. Zuckerman
etal. (1999) distinguish three types of myxomas depend-
ing on the tumor shape: 1) ovoid dense formations (oval,
ovoid, spherical); 2) lobular formations consisting of
several large lobes; 3) villous formations (aciniform)
resembling a bunch of grapes in appearance. Accord-
ing to the literature, myxomas are more often oval in
shape with a lobular or smooth structure. The color of
a tumor varies from white, yellowish to dark brown.
The outside of a tumor is often covered with thrombotic
masses. Tumor mobility depends on the place and area
of its attachment, as well as the amount of intercellular
matrix collagen in the body and stalk of the mass. Most
tumors have a short, wide stalk; myxomas on a wide
base are less common [21]. Histologically, myxomas are
represented by mesenchymal multipotent subendocardial
progenitor cells of various shapes located in isolation in
the intercellular matrix containing reticular and collagen
fibers, mucopolysaccharides [11]. In addition to myxoma
cells, smooth muscle cells, reticulocytes and blood cells
can also be found in the neoplasia. In 10% of cases, cal-
cium deposits and glandular structures can be found in
myxoma [22]. At the base of myxoma, there are vessels
that connect the tumor to cardiac subendocardium [23].
Myxomas usually exhibit exophytic growth [24].

Early diagnosis of intracardiac tumors is very dif-
ficult due to the frequent absence of symptoms, or their
nonspecificity [25, 26].

Findings on clinical examination of a patient with
myxoma depend on the size, location, and mobility of
the tumor. In biatrial myxoma, episodes of embolism
by tumor fragments or by thrombotic masses layered
on its surface may occur in both circulatory circuits.
Small circle embolization can be accompanied by lung
infarction with cough, hemoptysis and other character-
istic symptoms. Patients with embolization of the large
circulatory circle have neurological symptoms or may
complain of muscle or joint pain in the limbs, usually
of ischemic etiology. On auscultation of patients with a
mobile tumor, a third heart tone may be heard, caused by
the tumor striking or sliding against the atrio-ventricular
valve leaflets. Large masses obstructing the lumen of
the right heart can mimic the clinical picture of superior
vena cava syndrome. Left atrioventricular orifice tumor
obstruction is usually accompanied by the clinical picture
of transient ischemic attacks, acute pulmonary edema,
and can also lead to sudden cardiac death [27]. Some
patients present with immunoconstitutional symptoms:
fever, weight loss, obesity, weakness, myalgia and ar-
thralgia. These symptoms are accompanied by changes
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in the general blood count: erythrocytosis, leukocytosis
or, conversely, hemolytic anemia, thrombocytopenia, as
well as increased erythrocyte sedimentation rate, hyper-
gammaglobulinemia. IL-6 production by tumor cells or
its metastases can be the cause [28-30].

The most widespread method of detecting cardiac
tumors is echocardiography, which has 100% sensitiv-
ity in diagnosing a myxoma in heart chambers. Trans-
esophageal echocardiography provides the most accurate
information on tumor size, location of tumor attachment,
and mobility. Transesophageal cardiography can detect
tumors that were not detected during transthoracic ex-
amination, the smallest tumors with a diameter of 1 to
3 mm [31]. Computed tomography and magnetic reso-
nance imaging should be performed in all patients with
detected cardiac tumors if possible. The data obtained
helped to estimate the structure of a tumor, its density and
the degree of invasion into surrounding tissues, which is
important for differential diagnostics of myxoma with
other cardiac tumors. Despite the fact that echocardiog-
raphy has now supplanted contrast-enhanced cardiac
X-ray, it is mandatory for all patients over 40 years of
age to diagnose coronary lesions.

CLINICAL CASE

After a routine check-up at her place of residence,
the 33-year-old patient was referred to Shumakov Na-
tional Medical Research Center of Transplantology
and Artificial Organs in Moscow. She led an active life-
style, worked as a senior nurse, and had no complaints
about her well-being. Physical examination and aus-
cultation did not reveal any diagnostic findings. After
echocardiography, two intracardiac tumors attached
to the interatrial septum were detected. Both tumors
were mobile, prolapsed into the ventricles through lo-
cally appropriate atrio-ventricular valves during car-
diac diastole. Computed tomography of the chest and
abdomen was performed to exclude secondary tumor
genesis and to detect metastases. It showed negative
results. Taking into account the mobility of the detected
tumor and probability of embolization by fragments, the
patient underwent urgent surgery. Before the operation,
transesophageal echocardiography was performed to
establish a clear localization, clarify the information on
the tumor attachment site and its size (Fig. la and b). In
this case, the tumor was localized biatrically, attached
to the interatrial septum in the oval fossa. The size of the
part located in the right atrium was 63 % 49 mm. The
left part of the tumor was 35 x 24 mm in size. Complete
median sternotomy was chosen as the surgical access
to the heart. After connecting the CPB pump according
to the vena cava-aorta scheme, infusion of one portion
of blood cardioplegia into the aortic root according to
Calafiori protocol, right atriotomy in the tumor projec-
tion was performed (Fig. 2). Part of the tumor located in
the right atrium was a multilobular dark brown mass of

gelatinous consistency, covered with thrombotic masses,
which was attached by a 1 cm’ stalk to the interatrial
septum in the oval fossa. Due to the large size of the tu-
mor and its consistency, we decided to resect the tumor
in two stages. The first stage was a precision resection
of the right tumor component with thrombotic masses.
Then the interatrial septum was dissected with an arched
incision 5 mm away from the stalk. Together with its part,
the left tumor component was dissected (Fig. 3). After
the tumor was removed, the chambers were thoroughly
inspected for the remaining fragments and other foci of
tumor localization. Atria and ventricles were repeatedly
Sflushed with cold saline to prevent embolism. The main
stage of the operation was completed by interatrial sep-
tum plasty with a xenogeneic pericardium patch. After
removal of the clamp from the aorta, the heart restored
sinus rhythm on its own. Transesophageal echocardio-
graphic examination performed after disconnection of
the CPB pump showed the absence of regurgitation on
the atrio-ventricular valves and blood discharge at the
level of interatrial septum. Circulatory time was 42 min-
utes, myocardial ischemia lasted for 28 minutes. The re-
sected tumor masses were sent for histological study. The
result corresponded to the histopathological structure of
cardiac myxoma (Fig. 4). The main mass of the tumor
consisted of myxoma satellite cells, inflammatory cells,
and a large amount of surrounding myxomatous stroma.
In the area of myxoma base, native vessels feeding the
tumor were detected (Fig. 5). The right atrial myxoma
was covered by thrombotic masses (Fig. 6).

The results obtained during transthoracic echocar-
diography corresponded to the control transesophageal
study. The postoperative period was uneventful. The pa-
tient was discharged from the hospital on day 7 after
operation.

Myxoma of both atria is a very rare clinical case. Cur-
rently, about 100 cases are available in the literature. The
purpose of this paper is to describe our own experience
with surgical treatment of a patient with myxoma of such
localization. It should be noted that the frequency of em-
bolization by tumor fragments or thrombotic masses in
myxomatous lesions of the heart chambers according to
the literature reaches 40% [30]. For this reason, patients
with an established diagnosis should be examined as
soon as possible and operated on urgently.

Multiple myxomas of the heart chambers are more
often an inherited condition. If it is detected, the patient
needs to consult an endocrinologist and a dermatologist.
Examination of the patient’s immediate family may be
required to rule out any suspicion of familial myxoma.

Despite precision removal of tumor masses, recur-
rence rates reported for cardiac myxomas are 4% to 7%
for sporadic cases and 10% to 21% for familial cas-
es [32]. The recurrence rate is significantly higher in
younger patients. Typically, tumor recurrence occurs
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Fig. 1. Transesophageal echocardiography: a, right heart chambers (1, right atrial cavity; 2, right ventricular cavity; 3, tumor
masses; 4, tumor stalk); b, left heart chambers (1, left atrial cavity; 2, left ventricular cavity; 3, tumor masses)

Fig. 2. Intraoperative photograph of myxomatous masses with thrombotic overlays, taken during right atriotomy
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Fig. 3. Intraoperative photograph of excised fragments of the biatrial myxoma: a: left atrial fragment with pedicle; b: right

atrial fragment with thrombotic masses
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Fig. 4. Myxoma parenchyma. A papillary-type formation
consisting of elongated spinous cells with large oval and
spindle-shaped, fusiform hyperchromatic nuclei, as well as
the surrounding myxoid matrix. Masson’s trichrome stain,
200 pum scale, 20x magnification

Fig. 6. Boundary of thrombus adherence to myxoma. The
border of adhering thrombotic masses consisting of fibrin,
unchanged and lysed red blood cells, leukocytes is traced be-
tween the arrows. Masson’s trichrome stain, 100 pm scale,
40x magnification

Fig. 5. Base of myxoma. Vessels surrounded by solid struc-
tures and unilayer complexes consisting of rounded, stellate,
and spindle-shaped cells with weakly basophilic nuclei are
seen at the base of the stalk. Scattered mononuclear cells,
large focal clusters of erythrocytes, fibrin filaments with ad-
mixture of hemosiderin grains were visualized in all fields.
Masson’s trichrome stain, 200 pm scale, 20x magnification

within 5 years after the first resection surgery [33]. For
these reasons, patients with cardiac myxoma of any lo-
calization should undergo periodic examination with
echocardiography at least once a year in the long-term
postoperative period.
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