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Introduction. The etiology and pathogenesis of cerebral aneurysms are diverse. The rare cause of cerebral aneurysms 
occurrence is cardioembolism in cases of heart tumors, in particular in myxoma. Cardiac myxoma (from Latin muxa, 
mucus) is the most common (about 50 %) benign tumor of heart. With untimely diagnosis and absence of the disease 
treatment, embolisms in cerebral vessels may occur with typical symptoms of ischemic stroke as well as in some cases 
the myxomal aneurysms may develop. There are several theories of their origin. The myxomal aneurysms of cerebral 
vessels are more common in women and in the vast majority of cases they develop in carotid basins. In a quarter of ca‑
ses, the disease onsets as intracranial hemorrhage caused by rupture of an oncotic (myxomal) aneurysm, that signifi‑
cantly exceeds the frequency of ruptures (1–3 % per year) in cases of “normal” bifurcation‑hemodynamic intracranial 
aneurysms. The mortality rate is 3.4 %. The majority (80 %) of ruptures were observed within 2 years after the diagnosis 
of cardiac myxoma, and in half (48.6 %) of cases clinically significant episodes of embolism were noted. Timely treatment 
can prevent the hemorrhagic type of course of these aneurysms. Various methods of treatment are described in the 
literature: different options for surgical eradication as well as the possibilities of chemotherapy and radiation exposure.
Aim. To present a case of successful radical reconstructive endovascular treatment of patient with distal cerebral 
 aneurysm associated with cardiac myxoma, combined with presence of multiple cavernous malformations and also 
to highlight issues of diagnosis, differential diagnosis and existing treatment options for these diseases.
Clinical observation. The article presents a clinical observation of multiple aneurysms associated with myxoma of the 
heart in combination with multiple cavernous angiomas of the brain. The possibility of reconstructive eradication 
of distal aneurysm after its transformation from fusiform to saccular is demonstrated. The etiology and pathogenesis 
of occurrence, the nuances of differential diagnosis, possible methods and the algorithm for choosing a method for 
treating brain aneurysms associated with myxomas are reflected.
Conclusion. All patients with cardiac myxomas, both before and in dynamics after their removal, are recommended 
to perform noninvasive visualization of brain vessels for verification of such complication as metastatic (myxomal) 
aneurysms. The prognosis in most patients with multiple intracranial aneurysms associated with myxoma is favorable 
and most aneurysms associated with myxoma are stable. However, in cases with progressive or ruptured aneurysms, 
surgical treatment options should be considered including microsurgical or endovascular eradication. Radiation and 
chemotherapy methods may have a certain therapeutic value.
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introduction
The pathogenesis of brain aneurysms is diverse, and the 

classification of this pathology includes variants of meta-
static, or oncological, aneurysms [1]. The cause of such 
predominantly distal cerebral vascular aneurysms is, among 
other things, cardioembolism in cases of heart tumors, 
in particular in myxoma.

Cardiac myxoma (from Latin muxa, mucus) is the most 
common (about 50 %) benign heart tumor that is usually 

localized in left or right atrium. Subendocardial multipoten-
tial mesenchymal cells are considered to be a source of these 
tumors. The tumor grows on a pedicle attached to atrial sep-
tum. Radical resection of these neoplasms leads to a cure. 
At the same time, hematogenous metastasis of the tumor is 
possible both before and during tumor removal [2, 3].

Cardiac myxoma is manifested by the following triad [4]:
1) inflammatory syndrome with myalgia, arthralgia, fever, 

elevated levels of ESR and C-reactive protein;
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in the large circle of blood circulation, since tumors are 
often localized in left chambers of heart;

3) obstruction of heart valves leading to pulmonary edema 
and less often to right ventricular failure.
Early diagnosis and treatment of these lesions can pre-

vent embolism. One of the most unfavorable targets of em-
bolism by myxoma cells are brain vessels, which occlusion 
often leads to ischemic stroke. Distal aneurysms associated 
with myxoma develop much less frequently [5].

There are different points of view on the natural course 
of aneurysms associated with myxoma and the strategy 
of their treatment, especially in multiple lesions [4, 6, 7]. 
The prevalence of such aneurysms in patients with cardiac 
myxoma according to different studies varies in range 12,8–
56,0 % [6, 8, 9]. In some cases, aneurysms may be detected 
before the myxoma is recognized, and in others, decades 
after its resection [10]. In most cases (67.5 %), aneurysms 
are detected after the myxoma resection.

Despite the obvious reason for formation of aneurysms 
associated with cardiac myxomas there are two theories 
of their pathogenesis. The first is the theory of neoplastic 
process: myxoma cells are attached to endothelium, pene-
trate into it, grow in the subintimal layer with subsequent 
destruction of the entire arterial wall. The second is the 
theory of microembolic injury: the myxoma embolus caus-
es endothelial damage accompanied by impaired local he-
modynamics and followed by aneurysm formation. In the 
second case, we can talk about the dissection nature of the 
artery injury. The described theories are similar to patho-
genesis of infectious aneurysms which includes inflammatory 
process in the artery wall associated with infectious embolus 
[11]. In any case, both the theories reflect the fact that patho-
logical process is initiated by myxoma embolus [6, 12].

Some authors additionally highlight hematogenic dissemi-
nation in the vasa vasorum of cerebral vessels as a mechanism 
for aneurysms’ development. This leads to artery wall destruc-
tion, especially the middle layer and the inner elastic mem-
brane, and as a consequence to aneurysm formation [5].

At the same time, it is reported in the literature that an 
important factor in the initiation of aneurysm is interleukin-6, 
which is secreted by myxoma cells. However, there is no con-
vincing evidence that this protein that belonging to proinflam-
matory cytokines group can be used as a biomarker for diag-
nosis of aneurysms associated with myxoma [13–15].

In most cases, the multiple aneurysms associated with 
myxoma develop before the age of 50 and mainly in women.

The most frequent lesion localization of such aneu-
rysms is anterior part of circle of Willis 89.7 %, and 10.3 % 
of cases fall on the vertebrobasilar arteries. In 24.4 % of cases, 
the disease manifests in patients with intracranial hemor-
rhage caused by aneurysm rupture, which significantly ex-
ceeds the frequency of ruptures of 1–3 % per year with 
“common” bifurcation-hemodynamic intracranial aneu-
rysms. The mortality rate is 3.4 % [7]. The majority (80 %) 
of ruptures were observed within 2 years after diagnosis 
of cardiac myxoma [16], and in half (48.6 %) of cases clin-
ically significant episodes of embolism were noted [12].

clinical caSe
Patient E. A., born in 1981 (38 years old), sought medical 

help in connection with the appearance of photopsias. Mag-
netic resonance imaging (MRI) of the brain with intravenous 
contrast dated 02.04.2019 showed subcortical changes in right 
parietal and left occipital lobes. Upon further comprehensive 
examination, the left atrial myxoma was verified in the patient. 
According to echocardiography data, there was rather mobile 
formation in the left atrium having cellular structure occupying 
more than half of the atrium. In systole, the formation was 
wedged into mitral flaps valve, mitral regurgitation was 
of 1–2 degree. On 04 / 19 / 2019, a myxoma of left atrium 
measuring 7.0 × 3.0 cm was resected, the myxoma was on pe-
dicle with fixation in the middle third of the atrial septum.

In the postoperative period, the photopsias still persisted 
that is why 6 months after cardiac surgery the patient under-
went repeated brain MRI with intravenous contrast and signs 
of “mirror cavernous malformations of both occipital lobes” 
were diagnosed (Fig. 1).

Fig. 1. Mirror cavernous malformations of occipital lobes (MRI of brain dated 29.10.2019, 6 months after cardiac surgery): а – cavernous angioma (1) of left 
occipital lobe (MRI in the FLAIR sequence); b – cavernous angioma (1) of left occipital lobe with accumulation of contrast (sequence-WI with contrast 
enhancement); c – cavernous angioma (1) of right occipital lobe (MRI in sequence T2*); d – cavernous angioma (1) of left occipital lobe (MRI in sequence T2*)
FLAIR (Fluid Attenuated Inversion Recovery) – the mode with suppression of free water signal, WI – weighted image, T1 and T2* – modes of sequences 
of weighted images on MRI.

a b c d

111 1
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Computed tomography (CT) and spiral computed tomo-
graphic angiography (SCTA) of the brain revealed parenchy-
mal hemorrhage in left occipital lobe in projection of previous-
ly diagnosed cavernous malformation. There were no signs 
of arteriovenous malformation or distal aneurysms in the pro-
jection of the hemorrhage focus, but there was a fusiform ex-
pansion of cortical segment of posterior parietal branch of right 
middle cerebral artery (Fig. 2).

At this stage of examination, the local expansion of corti-
cal artery was not given importance as not requiring specific 
treatment.

The patient underwent surgical intervention on 01 / 28 / 2020: 
bone-plastic skull trepanation in left parietal-occipital region 
and microsurgical removal of cavernous malformation. Histo-
logical conclusion No. 5403–07: cavernous “angioma” (ca-
ver noma). The course of postoperative period is favorable. 
A slight increase in the area of absolute and relative scottomas 
was noted.

In March of 2022, the patient underwent a planned com-
prehensive medical examination. Taking into account the an-
amnesis the brain CT scan was performed, according its results 
an aneurysm of posterior parietal branch of right middle cer-
ebral artery was diagnosed. A significant transformation of the 
aneurysm during the 2-year follow-up period is noteworthy 
(see Fig. 2, d). In this regard, the patient received consultation 
by neurosurgeon and was hospitalized to neurosurgery clinic 
for further examination.

Selective cerebral angiography confirmed the presence 
of aneurysm of posterior parietal branch of right middle cere-
bral artery having a size of 4 mm. At the same time, along the 
length of the artery distal to the aneurysm there were uneven 
contours of areas alternating in narrowing and expansion that 
suggesting vasculitis type damage to artery wall (Fig. 4).

Several surgical treatment options were considered to pre-
vent the aneurysm rupture: 1) microsurgical reconstructive 
aneurysm clipping, 2) trapping of the affected artery segment, 
3) “end-to-end” extra-intracranial bypass with shutdown 
of the affected artery segment proximal to the aneurysm, 
4) “end-to-end” intra-intracranial bypass excision of the ar-
tery segment carrying aneurysm, 5) endovascular occlusion 
of the parent artery at the aneurysm level, 6) endovascular 

Fig. 2. Spiral computed tomography (CT) and spiral computed tomography angiography (SCTA) of the brain: а) CT-signs of hemorrhage (1) in the projection 
of cavernous angioma of left occipital lobe; b, c) fusiform expansion of cortical segment of posterior parietal branch of the right medial cerebral artery in sagittal 
and frontal planes of multiplanar reconstruction; d) three-dimensional CT-reconstruction of the affected artery segment with fusiform aneurysm

a b c d

Fig. 3. Spiral computed tomographic angiography of the brain: three-di-
mensional reconstruction of the affected segment of artery with aneurysm

reconstructive intervention by embolization of the aneurysm 
with detachable microspirals. The use of assisting techniques 
or stent implantation at the aneurysm level due to difficult 
access and small caliber of cortical arteries was not expected.

The patient underwent endovascular surgery on 04 / 18 / 2022. 
Under general anesthesia with systemic heparinization 
(4000 units) subcranially, a guide catheter was inserted into 
the right internal carotid artery. Microcatheter was inserted 
into the aneurysm dome by the use of microconductor 014”. 
The aneurysm was turned off from bloodstream by the sequen-
tial introduction of 2 separable ultra-soft microspirals with 
dimensions of 3 × 20 and 2 × 60 mm. During implantation 
of the 2 nd microspiral, the prolapse of the coils into the support-
ing artery was noted with their location along the circumfe-
rence of the cross-section of the artery without impairing of its 
patency. Control angiography showed that the aneurysm was 
completely turned off from the bloodstream (type A according 
to Raymond–Roy classifications) while retaining the carrier 
artery patency at the level of aneurysm and in the distal seg-
ment. In order to prevent early postoperative ischemic com-
plications, antiplatelet therapy with IIb / IIIa inhibitors 
of platelet glycoprotein receptors was performed in the form 

1

1 1
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of an extended intravenous infusion of eptifibatide in the cal-
culated dosage for 12 hours. In control selective cerebral an-
giography performed 24 hours later it was observed preserva-
tion of the lumen of the supporting artery throughout and the 
absence of aneurysm contrast (Fig. 5). Due to the peculiarities 
of the microspiral coil location in the artery lumen, the patient 
was prescribed antiplatelet monotherapy with ticagrelor 
180 mg / day for a month to prevent delayed ischemic complica-
tions until completion of endothelization of the spiral coils.

diScuSSion
Connection between myxoma of heart left chambers 

and intracranial aneurysm was first described by German 
pathologist F. Marchand back in 1894. Intracranial aneu-
rysms are usually detected accidentally during examination 
for other diseases or in stroke patients [17].

Differential diagnosis of myxoma aneurysms may be 
difficult in some cases. On a contrast-free computed tomo-
gram (CT), myxomal aneurysms have increased density due 

to the accumulation of myxoid matrix or petrificates in their 
walls. At the same time, abnormal changes are detected on MRI 
around myxoid aneurysms, such as signal loss on T2-weig-
hted images, signal gain on T1-weighted images with contrast 
enhancement due to myxoids, angiogenesis or granulation 
tissue. These changes make difficulties in differentiating 
these aneurysms from other diseases, such as cavernous 
malformation or mycotic aneurysms.

Cavernomas are characterized by absence of patholog-
ical changes during angiographic examination. However, 
on MRI, both cavernoma and myxoid aneurysm can man-
ifest as foci surrounded by an irregular hemosiderin ring; 
in both cases swelling of the brain tissue around the injured 
area is detected; and in both cases the effect of “flowering” 
is detected on T2-weighted images with gradient echo. But 
only myxoid aneurysms can be clearly identified on 
T1-weighted images [18].

Angiographic signs of myxoid aneurysms do not differ 
from the most common mycotic (septic) aneurysms. Re-
cognition of increased density in the aneurysm area on CT 
without contrast enhancement may indicate myxoid ori-
gin (this is evidenced by histopathological studies that 
showed accumulation of myxoid, hemosiderin and iron due 
to recurrent chronic bleeding, but not a calcification [19]). 
Septic aneurysms have a greater tendency to rupture with 
the formation of hematomas around the injury zones [20].

Taking into account the possibilities of modern tech-
nologies, most patients can be offered effective and safe 
treatment options. Various options for invasive treatment 
of oncotic (myxomal) aneurysms are presented in literature. 
Microsurgical interventions are represented by such meth-
ods as aneurysm resection [7, 12, 13], aneurysm resection 
in combination with anastomosis [13], aneurysm clipping 
[14, 21]. In these cases, the anastomoses imposition is con-
sidered if the affected artery supplies blood to a functional-
ly significant area of the brain. The choice of this method is 
due to the fact that reconstruction of lumen of the parent 
artery with clips is impossible due to looseness of the aneu-
rysm walls [13, 22]. Switching off the myxomal aneurysms 
from bloodstream during endovascular operations can be 
performed by embolization of the aneurysm itself or de-
structive occlusion of the aneurysm parent artery. M. B. Yil-
maz et al. in 2003 presented a case of successfully per-
formed endovascular embolization of giant aneurysm of the 
left medial cerebral artery [10].

A variant of destructive shutdown of a giant partially 
thrombosed fusiform aneurysm from the bloodstream is 
described by T. J. Sorenson et al. (2019). The proximal em-
bolization with microspirals was performed after assessment 
of collateral cortical blood flow using balloon occlusion 
test [23].

J. Sedat et al. in 2007 presented a case of radiation 
therapy with a total dose of 46 Gy. Occlusion of the aneu-
rysm parent artery was observed a year later [24]. Despite 
the unproven clinical efficacy of radiation therapy, K. Khati-
bi et al. (2020) concluded that low-dose targeted radiation 

Fig. 4. On cerebral angiogram in lateral and oblique projections visualization 
of aneurysm 1 and arterial contour defect in distal segment 2

1

1

2
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Fig. 5. Stages of endovascular treatment and control selective cerebral angiography: а – on stage and control angiograms during the intervention, a tightly 
packed tangle of microspirals are visualized 1 in aneurysm with coils of microspirals in the carrier artery, in distal 2 and proximal 3 microcatheter marks, the 
prolapse of the coil of the microspiral along the contour of the aneurysm-bearing artery 4 with preservation of its patency; b – on control angiogram 24 hours 
after surgery a tangle of tightly packed microspirals is visualized in direct and lateral projection 1; the aneurysm-bearing artery is contrasted throughout, no-
vascular zones are not observed; c – the perfusiogram shows the correspondence of blood flow in the affected artery (Coiled) distal to the embolized aneurysm 
and the intact (Native) artery
Note. The time to reach peak of contrast enhancement in both arteries estimated by Peak Time (sec.) is identical, the area under the curve of contrast 
enhancement AUC is comparable, which indicates the preservation of perfusion in the embolized artery

a

b

c

therapy is safe and effective on the basis of treatment 
of multiple myxoma aneurysms of cerebral vessels [25].

The role of chemotherapy for metastatic myxoma 
aneu rysms of cerebral vessels as well as the role of radiation 
therapy is poorly understood. In the case of multiple 

aneurysms, M. Branscheidt et al. (2014) have used to sta-
bilize their growth carboplatin (240 mg / m2 of body surface 
on day 1) and etoposide (100 mg / m2 of body surface, days 2 
and 3) with dexamethasone (4 mg / day). However, 2 months 
after completion of 6 cycles (with 4-week intervals between 
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Fig. 6. Algorithm for choosing a treatment method for a patient with intracranial aneurysms associated with cardiac myxoma (cit. according to [12])

Myxoma-related Intracranial Aneurysm

Ruptued

Non-eloquent Area

Unruptured

Eloquent Area

Ballon-occlusion test

Conservative

Follow-up Bypass Endovascular or Open Surgery

(–)

(+)

  Worsen

Stable

cycles), control MRI showed an increase in size, contrast 
and progression of edema. As a result, the aneurysm was 
resected in the patient. Nevertheless, the authors conclud-
ed that in cases of severe neurological disorders chemothe-
rapy can stabilize the growth of aneurysms when waiting 
tactics are not a reasonable therapeutic solution [26].

The authors of one of the latest (2020) literature re-
views with multiple myxoma brain aneurysms showed that 
in 19 of 41 cases patients were treated conservatively. All 
aneurysms were stable in size during the observation period 
(from 3 months to 11 years, mean is 40 months), their 
growth was noted in 3 observations [12].

There are no clear recommendations regarding the 
choice of treatment method for patients with aneurysms 
associated with myxomas in actual literature, in each case 
the decision is made individually. A. Santillan et al. (2019) 
proposed recommendations for monitoring such patients 
on the basis of the longest (21 and 22 years) observations 
described in the literature for 2 patients with multiple myx-
oma aneurysms:

• Patients with embolic cerebral infarction associated 
with atrial myxoma or with history of atrial myxoma 
resection are undergoing diagnostic cerebral angiography 
and subsequently a careful monitoring is carried out 
using non-invasive imaging studies, such as magnetic 
resonance angiography or SCTA, which should be 
performed every 12–15 months for the first 3–5 years, 
and then every 2 years [17].

• If the aneurysm is treatable, endovascular embolization 
is recommended [27]. But if a fusiform aneurysm is 
detected, which is asymptomatic and has a stable size, 
it is indicated a dynamic noninvasive imaging cons-
tant disaggregant therapy to prevent thromboembolism. 
If a patient has a fusiform aneurysm that is progressed 
or ruptured, the preferred method of treatment is micro-
surgical or endovascular aneurysm trapping [10, 22, 
28–31].

Based on their own clinical observation and literature 
review, S. Gai et al. in 2019 have presented an algorithm for 
choosing treatment method for patients with multiple 
 aneurysms depending on aneurysm rupture presence, lo-
calization, results of test balloon occlusion and taking into 
account of the aneurysm size stability (Fig. 6).

The presented case is characterized by observation 
of formation of distal cerebral aneurysm associated with 
myxoma, as well as, probably, an aneurysm being formed 
distally along the artery along with multiple clinically mani-
fested caverns of the brain. Hemorrhagic manifestation 
of cavernous malformations preceded formation of aneu-
rysm of cortical branch of the middle cerebral artery on the 
background of its fusiform expansion. An assumption of 
a diagnostic error, overdiagnosis of cavernoma on the back-
ground of parenchymal hemorrhage is refuted by the results 
of histological examination of the removed sample.

The patient underwent reconstructive aneurysm shutdown 
by embolization with microspirals which became possible due 
to the anatomical shape that favored this type of treatment. 
Conversion to destructive intervention was not required.

Due to the natural course of the disease, the patient remains 
at risk of progression of a distal aneurysm in the basin of the 
same artery, and therefore it will be observed in dynamics.

concluSion
All patients with cardiac myxomas, both before and 

in dynamics after their removal, are recommended to per-
form noninvasive visualization of brain vessels to verify such 
complication as metastatic (myxomal) aneurysms. The 
prognosis in most patients with multiple intracranial aneu-
rysms associated with myxoma is favorable, and most aneu-
rysms associated with myxoma are stable. But in cases with 
progressive or ruptured aneurysms, surgical treatment op-
tions should be considered, including microsurgical or en-
dovascular eradication. Radiation and chemotherapy me-
thods may have a certain therapeutic value
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