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Case Report

Delayed multiple intracranial aneurysms caused by left atrial
myxoma: a case report and literature review
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Abstract: Intracranial aneurysm may appear even after the removal of the cardiac myxoma. However,
the pathogenesis and treatment of such aneurysm lesions are not clear. The study aimed to explore the
clinical and imaging manifestation, hypothetical pathogenesis, and therapy in one case of left atrial myxoma
causing multiple intracranial aneurysms. A 14-year-old male displayed a 3-hour history of episodic loss
of consciousness and right hemiplegia after a leapfrog-like movement. The myxoma was diagnosed by a
combination of clinical examination, leading to the diagnosis of mitral dynamic obstruction with a Grade
TIT mitral diastolic murmur and tumor plop; magnetic resonance imaging, revealing multiple ischemic sites
in both semi-oval centers; and transthoracic echocardiography, demonstrating a mitral valve obstruction.
The myxoma was removed surgically; however, computed tomography angiography showed multiple
intracranial aneurysms in both middle cerebral arteries 18 months after resection of the atrial myxoma. After
conservative treatment, the patient had no neurological dysfunction symptoms for 5 years after myxoma
resection. His condition is relatively stable. In conclusion, resection of the atrial myxoma may eliminate the
early neurological symptoms, but it cannot ensure the nonoccurrence of delayed intracranial aneurysms. The
neoplastic process theory was favored for explaining the aneurysm development in this case. According to
the specific conditions of the patient, a combination of open surgery, chemotherapy, radiotherapy, and coil

embolization is recommended.
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Introduction

Atrial myxomas are the most frequent primary benign
tumors derived from the heart, and more than 80% of them
are left atrial myxomas (1-3). No less than 45% of left atrial
myxomas have initial clinical cardiac symptoms caused by
systemic embolization. Other possible initial symptoms are
neurological complications, including cerebral embolism.
However, delayed neurological complications, such as
multiple intracranial aneurysms, are rather rare. To date,
many reports of myxoma-associated aneurysms (including
intracranial and other arteries) have been published, most
of which occur before myxoma resection. By contrast, a
few studies have reported delayed intracranial aneurysms
after myxoma resection (4). The pathogenesis of
aneurysmal lesions is also not well known, and no definitive
treatment has been established for them. We present the
following case in accordance with the CARE reporting
checklist (available at https://tp.amegroups.com/article/
view/10.21037/tp-21-11/rc).

Case presentation

All procedures performed in studies involving human
participants were in accordance with the ethical standards
of the institutional and/or national research committee(s)
and with the Helsinki Declaration (as revised in 2013).
Written informed consent was obtained from the patient’s
legal guardian/next of kin for publication of this case report
and accompanying images. A copy of the written consent is
available for review by the editorial office of this journal.

A 14-year-old male displayed a 3-hour history of episodic
loss of consciousness and right hemiplegia after a leapfrog-
like movement, and he was admitted to Shandong Provincial
Qianfoshan Hospital. His symptoms disappeared after
admission. His medical history revealed that he had suffered
from a cold a week before, but no familial history was found.
A clinical examination demonstrated a Grade III mitral
diastolic murmur and tumor plop, leading to the diagnosis
of mitral dynamic obstruction. Magnetic resonance imaging
(MRI) revealed multiple ischemic sites in both semi-oval
centers (Figure 14). Brain magnetic resonance angiography
(MRA) did not show any abnormalities (Figure IB).
However, transthoracic echocardiography showed a large,
dumbbell-shaped mass in the left atrium measuring 7x5 cm’,
part of the mass was protruding into the left ventricle and
causing mitral valve obstruction. The ejection fraction
was 69%, and mild mitral and tricuspid regurgitation was
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observed. Taking the examination results together, the mass
appeared to be a myxoma.

Following this determination, several studies were
performed to reveal the pathology. No abnormalities were
evident in the electrocardiography and clinical immunology
studies. Laboratory tests showed no remarkable changes
except for an increase in the erythrocyte sedimentation rate
(37.0; normal range, 0-15 mm/h) and the hypersensitive
C-reactive protein concentration (>11.10; normal range,
0-2.87 mg/L). The tumor was successfully removed by
surgery and confirmed by pathology to be a myxoma
(Figure 1C). The patient was discharged without
postoperative symptoms or any specific treatment.

Two months after discharge, the patient was re-
hospitalized due to intermittent right-sided weakness. As
with the first admission, the brain MRI showed ischemic
lesions in the left basal ganglia and both semi-oval centers,
but the brain MRA showed no abnormalities. The patient
was subjected to supportive therapy and discharged in good
condition.

Eighteen months after the surgery, the patient underwent
computed tomography angiography (CTA), and the results
revealed the presence of multiple saccular aneurysms in
the distal part of the intracranial arteries (>8). Most of
these aneurysms were less than 3 mm in size, but one
dilated and the fusiform aneurysm was detected on the M3
segment of each middle cerebral artery (MCA; Figure 2A).
MRI results showed infarcts of the left basal ganglia, as
well as a hyperintense lesion in the anterior insula beneath
the lacuna in the basal ganglia (Figure 2B). This may have
been caused by a small amount of oozing of the myxoma-
associated aneurysm, as the craniocerebral CTA revealed
the largest aneurysm in the left middle cerebral artery.
The patient underwent cardiac ultrasound 3 months after
surgery and every year thereafter, and there was no evidence
of recurrence of myxoma (Figure 3). The current follow-
up results showed that the patient’s condition was relatively
stable and no symptoms of neurological impairment
occurred 5 years after the surgery. We will continue to
follow up in the future.

Discussion

Cerebral aneurysms often appear after myxoma resection
for a considerable period, even years, as reported in
previous cases (5). The present case showed no formation
of intracranial aneurysms before the myxoma surgery, but
multiple intracranial aneurysms were found 18 months after
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Figure 1 The examination results of the patient after admission. (A) MRI showed multiple ischemic sites (arrows) in both semi-oval centers;
(B) brain MRA did not show any abnormality; (C) the tumor was confirmed to be a myxoma by hematoxylin-eosin staining (magnification:
x100). MRI, magnetic resonance imaging; MRA, magnetic resonance angiography.

© Translational Pediatrics. All rights reserved. Transl Pediatr 2022;11(1):149-156 | https://dx.doi.org/10.21037/tp-21-11



152 Wang et al. Case report of myxomatous intracranial aneurysms

Figure 2 The examination results of the patient 18 months after myxoma resection. (A) One dilated and fusiform aneurysm was found
on the M3 segment of each MCA, as well as numerous fusiform dilatations of the distal intracranial arteries, as revealed by subtraction
CTA. Arrows showed the dilated and fusiform aneurysms as well as fusiform dilatations of the intracranial artery. (B) Gliotic lesions of the
infarction (arrows) were observed in the left basal ganglia, along with some hyperintense lesions (arrows) in the anterior insula as revealed by
MRI. MCA, middle cerebral artery; CTA, computed tomography angiography; MRI, magnetic resonance imaging.

Before surgery 3 months after surgery 1 year after surgery 5 years after surgery

Figure 3 The cardiac ultrasound examination results before and after surgery.
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the myxoma surgery. The purpose of this case report was to
remind clinicians that patients with cardiac myxoma require
follow-up and monitoring for the development of brain
aneurysms, even after surgical resection.

Atrial myxoma represents 50% of all primary cardiac
neoplasms (6), but up to 10% of atrial myxoma patients
are asymptomatic (7). The symptoms of cardiac myxomas
usually include heart failure and cerebral and peripheral
embolism, as well as general symptoms like fever, an elevated
erythrocyte sedimentation rate, and leukocytosis (8).
The release of interleukin-6 (IL-6) from the tumor cells has
been proposed to account for these symptoms (6). Although
these are rare, they may be caused by tumor recurrence,
progressive vascular stenosis, or aneurysm development (9).
A common symptom in patients with left atrial myxoma is
systemic embolism, which occurs in 30-50% of cases, while
cerebral embolism is involved half the time (1). Systemic
emboli can lead to cerebral ischemia, subarachnoid and
intraparenchymal hemorrhage, and, less commonly, the
formation of aneurysms (10-12). In the present case, MRI
showed multiple sites with ischemic lesions that were
believed to be caused by systemic embolism. One important
point to emphasize is that atrial myxomas can account for
various neurological complications, even without cardiac
symptoms. Intracranial aneurysms caused by a cardiac
myxoma may emerge after removal of the primary tumor
and can lead to delayed neurological complications at
4-5 months and even up to 25 years after resection of the
cardiac mass (13,14). Literature about the risk of cerebral
myxomatous aneurysm rupture is scarce due to the rarity
of cases. In a study by Zheng er 4l., in 58 patients with
intracranial aneurysms, the incidence of rupture within
11 years was 19.6% (15). In the present case, the typical
imaging features of these aneurysms were consistent with
intracranial aneurysms following left atrial myxoma and
other possible causes of aneurysms had been excluded;
therefore, our patient was diagnosed with multiple
intracranial aneurysms secondary to myxoma. These
aneurysms are generally fusiform or saccular in shape (10)
and our patient showed aneurysms with both shapes.

Aneurysms are generally distributed in the distal part of
the middle cerebral arteries (MCAs). MRI and computed
tomography (CT) scans can demonstrate multiple small
infarcts, cerebral hemorrhages, or cerebral infarction. T'1-
and T2-weighted MRI can reveal myxomatous aneurysms
as fusiform dilatations of the cerebral arteries, and the
vascular dilatation is often accompanied by edema and
hemorrhage (16). Contrast enhancement of aneurysmal
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lesions may be secondary to the slow flow inside the lumen
of fusiform aneurysms (17,18). However, Nucifora ez al. (17)
demonstrated that this enhancement could also result from
the enhancement of the tumor tissues within the aneurysm
walls. MRA alone cannot exclude myxomatous aneurysms
because most of them are distributed in the distal part of
the circle of Willis. Therefore, the diagnosis of myxomatous
aneurysms requires CTA using a high-resolution CT
scanner or conventional digital subtraction angiography
(DSA). On CT, aneurysms appear hyperintense, which
could be secondary to the accumulation of the myxoid
matrix within the aneurysm walls (19). With angiography,
the most sensitive vascular imaging method, myxomatous
aneurysms usually generate filling defects and delay the
passage of the contrast medium (17,20). In the present case,
the CTA results revealed the presence of multiple saccular
aneurysms, mostly less than 3 mm in size, in the distal part
of the intracranial arteries (>8), in addition to one dilated
and fusiform aneurysm on the M3 segment of each MCA.

The mechanisms that give rise to these aneurysms have
not been well studied, but two hypotheses have been put
forward to explain their development. First, the vascular
damage theory, proposes that an embolism causes vascular
damage and endothelial dysfunction, thereby leading
to a change in hemodynamics and promoting aneurysm
development (21). By contrast, the neoplastic process theory
hypothesizes that tumor cells survive and intrude into the
endothelium, thereby triggering subintimal growth and
eventually destroying the entire arterial vascular wall (21,22).
Both of these hypotheses presuppose that the embolism
starts the whole course (23).

At present, researchers have tended to focus on the
neoplastic process theory, since myxoma cells found in the
aneurysmal wall have been shown to actively intrude into
the internal elastic lamina (11,21,22,24,25). However, a
myxoma cannot immediately destroy the arterial vascular
wall because of its slow growth (12) Consequently, myxoma
cell-induced inflammation may be critical for this invasion.
The release of IL-6 from tumor cells could enhance the
expression and activities of matrix metalloproteinases
(MMPs) (26), which are essential for the degradation of the
extracellular matrix, and accordingly invasion. The IL-6
serum levels could therefore be helpful for monitoring the
development of aneurysms.

Myxoma cells can proliferate in the vessel wall with or
without apoptosis (27). In the former case, apoptosis in the
myxoma tumor located in the arterial wall would lead to
the widening of the arterial lumen and the formation of a
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fusiform aneurysm (28). In the latter non-apoptotic case,
the mass would grow progressively within the intracavity,
resulting in occlusion of the cerebral vessel and subsequent
infarction. Under some circumstances, the formation of
cerebral aneurysms may be found months and even years
after the resection of myxomas in the absence of atrial
myxoma recurrence (4). The cerebral aneurysms can later
expand, remain stable, or regress (4,27,29,30).

No definite guidelines have yet been established for
therapy of multiple intracranial aneurysms following left
atrial myxoma. Surgical treatment can eliminate the early
neurological symptoms caused by atrial myxoma, but it
cannot ensure the nonoccurrence of delayed intracranial
aneurysms. The results from chemotherapy have been
equivocal (31), but evidence has shown that the combination
of radiotherapy and chemotherapy is useful for the
treatment of myxoma metastasis, thereby reducing the
likelihood of formation of myxomatous aneurysms (32-34).
Other investigators have suggested that despite independent
reports of microsurgical resection/endovascular intervention,
chemotherapy, and radiotherapy for the treatment of cardiac
myxomatous intracranial aneurysms, there is still a lack of
clear guidelines (35). In this case, the presence of intracranial
aneurysm associated with cardiac myxomatosis and a small
amount of bleeding from the left middle cerebral artery
aneurysm suggested that there might be irreversible damage
to the artery wall structure. We considered a surgical clamp/
interventional embolization, but the parents refused due to
concerns about the risk of surgery. As reported by a previous
study, myxomatosis-associated aneurysm hemorrhage had
a self-limiting process, and the amount of bleeding was
generally small. In addition, the surgical treatment itself
may also lead to the continued metastasis of related mucous
tissue to the distal vascular implantation (36). Spontaneous
regression of aneurysms has also been reported in patients
who had undergone the removal of atrial myxomas (4,27,37).
A study of 37 published cases of myxomatous aneurysms
showed that of 78.4% of patients who received conservative
treatment, 75.7% showed stability or regression in follow-
up imaging studies (30). Therefore, conservative treatment
of unruptured myxomatous aneurysms with continuous
angiographic follow-up (initially 3 months and later
6-12 months depending on aneurysm stability) is
recommended (15). The management of other small multiple
intracranial aneurysms is controversial. In patients with
asymptomatic stably sized fusiform aneurysms, noninvasive
imaging is recommended and aspirin can be used to prevent
ischemic events, according to some investigators (38). If
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an aneurysm ruptures or becomes enlarged, treatment
should be decided on a case-by-case basis. Atrial myxoma—
induced strokes are usually found in the MCA (18).
Strokes secondary to cardiac myxoma can be treated safely
and effectively by mechanical thrombectomy (39). This may
also be the first-line treatment for pediatric stroke caused
by atrial myxomas (40). By contrast, myxoma-associated
aneurysms are varied and usually involve the distal vessels
of the brain. Both open microsurgery and intravascular
techniques have limitations that may not clear aneurysms
completely, leading to further invasion and recurrence
(14,41,42). In our case, the current follow-up results showed
that the patient’s condition was relatively stable and no
symptoms of neurological impairment occurred 5 years after
the surgery. We will continue to follow up in the future.

In conclusion, the intracranial aneurysm caused by
atrial myxoma is not a particularly common neurological
complication, but it can emerge even after the removal of
a cardiac myxoma. The neoplastic process theory may best
explain the mechanism underlying the development of this
aneurysm. MRI, CT, CTA, and DSA are the main means
of diagnosis; however, no guidelines have been established
for effective aneurysm treatment. Combined therapy
involving open surgery, chemotherapy, radiotherapy, and
coil embolization is beneficial. Patients with multiple
intracranial aneurysms, and especially patients of young
age, should have their history of cardiac myxoma reviewed.
By the same token, patients with atrial myxoma should
be monitored for the possibility of myxoma-induced
intracranial aneurysms even after surgery.
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