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We report a case of multifocal cystic meningioangiomatosis (MA), an exceptionally uncom-
mon diagnosis even in patients with type 2 neurofibromatosis (NF2). A 2-year-old male with
personal as well as family history of genetically-confirmed NF2 presented with inciden-
tal findings of MA after imaging for closed-head injury. Computed tomography and mag-

netic resonance imaging revealed multifocal subcortical and basal ganglia cysts, enhanc-
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ing tumor-like vascular encasement, and a cerebellar ependymoma with atypical features.
Given the paucity of available literature describing this pathology, imaging findings are dis-
cussed to further characterize this elusive disease. Radiologists must keep in mind that
children with NF2 may not only present with MA, but also a constellation of MA with classic
NF tumors, including ependymoma as in this case.

Published by Elsevier Inc. on behalf of University of Washington.
This is an open access article under the CC BY-NC-ND license
(http://creativecommons.org/licenses/by-nc-nd/4.0/)

Case report

Meningioangiomatosis is a complex and heterogeneous entity
of both children and adults that can present stochastically but
has also been linked to NF2. MA is a proliferative angioma-
tous lesion originating primarily from the leptomeninges

and cerebral cortex. We report a case of multifocal menin-
gioangiomatosis with cystic spaces, intraparenchymal FLAIR
changes and calcifications, hyperenhancing tumor-like vas-
cular encasement, and right cerebellar mass with atypical
features.

A 2-year-old male presented to an outside facility after
falling and hitting his forehead on a tile floor. No loss of
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Fig. 1 - Axial CT (A) Heterogeneous, predominantly hyperdense mass in the right posterior fossa (black arrow) centered over
the right cerebellar hemisphere, not the cerebellopontine or cerebellomedullary angles. There are cystic changes within the
mass and punctate peripheral calcification. (B) Cystic changes in the bilateral basal ganglia, extending into the temporal
stem on the left, and right frontal operculum. Diffuse calcification in the right basal ganglia extends to the superior aspect
of the medial temporal lobe. (C) Linear calcification along the margins of left MCA.

consciousness was reported, but his parents noticed new per-
sistently unstable ambulation at home, prompting a visit to
his local emergency department. Past medical history was sig-
nificant for amblyopia and a pathogenic variant of NF2, dis-
covered after targeted genetic testing due to a positive family
history, which included his father, paternal half-brother, and
paternal grandmother (who passed away at age 40 from in-
tracranial aneurysm).

His neurofibromatosis had been managed expectantly,
without any symptoms to warrant prior neurological imag-
ing. Radiologic evaluation in the ER initially consisted of head
CT for CHI. He was then referred to a level 1 pediatric cen-
ter for higher level of care given multiple incidental intracra-
nial abnormalities on CT, including a right posterior fossa hy-
perdense mass, linear hyperdensity encasing the left middle
cerebral artery (MCA), and supratentorial hypodense lesions

(Fig. 1).

Upon transfer, physical examination was positive for
bruised right forehead contusion, as well as unsteady gait and
tendency to fall to the left side. Head and neck CT angiogra-
phy was obtained to rule out possible MCA aneurysm. Findings
were negative for focal aneurysm but did show some under-
lying irregularity; there was mild ectasia of the left MCA M2
segment within the sylvian fissure (Fig. 2).

MR analysis of the brain revealed multiple supratentorial
cystic spaces, which followed cerebrospinal fluid signal on
all fluid-weighted sequences. These spaces exhibited vari-
able enhancement and perilesional hyperintensity on FLAIR
sequence, involving the bilateral basal ganglia, left inferior
frontal gyrus, right frontal operculum, left superomedial tem-
poral and posterior frontal cortex abutting the left MCA course
(Fig. 3). FLAIR hyperintensity and linear enhancement was
noted in medial and frontal lobe cortex abutting the left MCA
M1 segment extending into the Sylvian fissure (Figs. 3 and 4).

#

Fig. 2 - Axial (A, C) and coronal (B) CT angiogram of the head are negative for focal aneurysm or perivascular contrast
enhancement. Mild ectasia of the M2 segment of the left MCA compared to right within the Sylvian fissure (arrows).
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Fig. 3 - Axial T2WI (A) and axial FLAIR (B, C) demonstrate cystic changes in the bilateral basal ganglia, extending into the
temporal stem on the left, and right frontal operculum (black arrows). There is prominent parenchymal FLAIR hyperintensity
associated with the right basal ganglia lesion (white arrow) and additional cystic spaces involving the right inferior parietal
lobule as well as left inferior frontal gyrus subcortical white matter with complete FLAIR suppression (arrowheads).

Fig. 4 - Axial FLAIR (A) shows subtle FLAIR hyperintensities also noted at the inferior aspect of the left basal ganglia cystic
lesion and along the left MCA. Axial (B) postcontrast TIWI demonstrates enhancement in the inferior regions of the
bilateral basal ganglia with crowding of lenticulostriate vessels, more pronounced on the right. Coronal (C) postcontrast
T1WI demonstrates linear enhancement in the left inferomedial frontal lobe and left superomedial temporal lobe abutting
the M1 segment of the left MCA extending to the sylvian fissure.

There was also enhancement in the inferior regions of the bi-
lateral basal ganglia with crowding of lenticulostriate vessels
(Fig. 4).

Multisequence MRI of the lateral right cerebellar mass re-
vealed a peripheral rind of enhancement as well as reduced
diffusivity, punctate calcification, and cyst formation (Figs. 5
and 6). MR spectroscopy displayed a nonspecific high choline
peak (Fig. 6). Given its atypical features, prospective differ-
ential at that time included peripheral medulloblastoma, ag-
gressive form of meningioangiomatosis, or intraparenchymal
ependymoma. No nerve sheath tumor or typical meningioma
was identified. MR investigation of the spine was negative for
drop metastasis or spinal nerve sheath tumor.

Neurosurgery performed a right-sided retrosigmoid cran-
iotomy for cerebellar tumor resection. Histopathology and im-

munoprofile were compatible with a posterior fossa ependy-
moma, WHO grade II. H3k27me3 genotyping was positive, con-
sistent with PFE-B, which would be quite rare in this age group
(Fig. 7). The tumor had a low MIB-1 index at 2%-5%, indicating
that it was not rapidly dividing. At 6-month follow-up, he con-
tinued to be a happy and playful 2-year-old boy.

Discussion

NF2 is a neurocutaneous disorder with a birth incidence of 1
in 27,956 and prevalence of 1 in 50,000. Affected individuals
have a predisposition for developing schwannomas, menin-
giomas and ependymomas. Other described features include
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Fig. 5 - Axial T2WI (A), axial DWI (B) and SWI (C) demonstrate a heterogenous intra-axial mass in the right cerebellar
hemisphere with peripheral T2 hyperintensity and focal cystic change (black arrow). A peripheral rind of reduced diffusivity
(white arrow) and punctate calcification (arrowheads) are also noted.

Fig. 6 - Axial postcontrast TIWI (A) and MR spectroscopy (B) demonstrate a right cerebellar mass with peripheral rind of
enhancement. The lesion has a high choline peak, small lactate peak, and decreased NAA peak.

ocular lesions (cataracts, retinal detachment), meningeal an-
giomatosis, and glial hamartomas.

We report a case of a young patient with NF2, who pre-
sented with findings of cystic meningioangiomatosis, enhanc-
ing plaque-like lesion circumferentially encasing the left MCA,
and a right cerebellar WHO grade II ependymoma. Our pa-
tient did not exhibit intracranial schwannomas or menin-
giomas. It has been observed that a preponderance of young
children does not present with bilateral vestibular schwanno-
mas, which are traditionally considered pathognomonic for
this neurocutaneous disorder.

Meningioangiomatosis is a rare—and historically poorly-
understood—disorder of the brain, typically involving the lep-
tomeninges and subjacent cortex [1]. However, lesions have
also been shown to arise from the cerebellum, subcortical
white matter, and deep gray matter, albeit to a lesser ex-
tent [2-4]. This meningovascular process can be sporadic or

in conjunction with NF2. In particular, NF-associated MA of-
ten presents asymptomatically and is only discovered as an
incidental finding, as in this case [1-2,5]. Medically refractory
seizures and headache can be presenting symptoms of spo-
radic MA, but epileptogenic lesions are seldom reported with
underlying NF [6-7]. NF-related MA especially tends to man-
ifest as a nonprogressive disease with a low proliferation in-
dex, likely contributing to a high level of functionality in these
patients [5,7].

Imaging characteristics of MA are nonspecific and highly
variable [1-2]. Nonetheless, the literature does delineate sev-
eral overarching themes. For example, MA in the NF popu-
lation tends to be multifocal or diffuse with predilection for
the frontal, temporal and parietal lobes [1-2,5-7]. This appears
to be substantiated in our case, which highlights multifocal
cystic lesions in a frontotemporoparietal distribution (Figs. 3
and 4).
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Fig. 7 - Cerebellar ependymoma. Microscopic examination demonstrates a papillary neoplasm composed of tumor cells
with relatively uniform round to oval nuclei and abundant eosinophilic cytoplasm (A, B). The tumor cells show patchy
strong immunoreactivity for GFAP (C). CD99 stain demonstrates a membranous staining pattern (D).

The vast majority of abnormalities on head CT are hypo-
dense (Fig. 1). A first-line modality in many instances, CT has
also been validated in as high as 90% of MA reports for iden-
tifying calcifications, ranging in morphology from psammo-
matous to a dense osteoid type [2,7]. In our patient, punc-
tate calcifications were noted on CT in the right basal gan-
glia as well as right cerebellar mass, further supported on SWI
(Figs 1 and 5).

Despite being an angiomatous disease, cerebral angiogra-
phy is likely to be unremarkable, but there have been scarce re-
ports of hypervascularity or even vascular malformations [2].
Our case was also an exception to the rule, as CT angiogram
and postcontrast T1-weighted imaging detected asymmetric
ectasia of the left MCA at its M2 branch (Figs. 2 and 4).

Another prevailing hallmark of meningioangiomatosis is
heterogenous gadolinium enhancement, although a specific
pattern is discrepant in the literature [2,5]. Subtle enhance-
ment was seen in the left frontal and temporal lobes along the
proximal course of the left MCA (Fig. 4). These findings appear
to closely parallel a case reported by Jamil et al., in which a
3-year-old girl underwent left frontotemporal craniotomy for
left Sylvian fissure meningioangiomatosis [8].

In our patient, numerous cystic foci were cortical-based but
others were also found in subcortical white matter and deep
motor nuclei. These likely represent Virchow-Robin spaces,
similar to findings in a study by Fedi et al. with pathologically-
confirmed perivascular cysts [7]. These enlarged spaces gain
their morphology when plaque-like meningothelial and fi-
broblastic cells proliferate in an angiocentric fashion along
leptomeningeal and intracortical blood vessels [1-2].

One proposed mechanism describes an obstructive pro-
cess in which aberrant arachnoid and vascular cells become
ensnared in cortical sulci, allowing cerebrospinal fluid to
slowly accumulate over time, forming cysts within trapped
tissue [7]. In general, there is precedent in the literature that
histopathology will favor either a predominant cellular or vas-
cular component [1-2]. MR imaging in our case also demon-
strated regional crowding of lenticulostriate vessels adjacent
to these cysts in the basal ganglia, which recapitulates the ar-
chitectural distortion described on a cellular level (Fig. 4).

MA has been diagnosed concurrent with CNS tumors,
frequently meningioma but also schwannoma (especially in
NF-associated cases), oligodendroglioma, and primary fi-
brosarcoma of the CNS [2,5]. Remarkably, a literature search of
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case reports did not reveal any evidence of MA with ancillary
findings of a cerebellar ependymoma (Figs. 5 and 6). Cerebellar
MA has been reported by Bulut et al., in which a mass in the
left cerebellar hemisphere was intra-axial without dural con-
nection, as in our case. However, histopathology in their case
was positive for fibrous tissue and hyalinized cerebellar vas-
culature coated with proliferating spindle cells and excessive
psammoma bodies [3].

Among over 200 reported studies of MA up to this point,
the literature has put forth a myriad of hypotheses, ranging
from developmental, dysplastic, hamartomatous, and reac-
tive etiologies [2]. In NF-related MA, it is reasonably conjec-
tured that the inherited tumor suppressor gene pathway is a
causative factor [4,6]. MA has been demonstrated to mimic
neoplasms, tumefactive demyelination, neuroinflammatory
lesion and vasculitis. Moreover, it can even imitate a progres-
sive tumor with clinical and imaging recurrence [5].

Preoperative identification can be challenging due to its
rarity and variable appearance, and often a definitive diag-
nosis is not possible radiologically without biopsy confirma-
tion [3,6]. In cases of epilepsy-related disease, surgical exci-
sion is essential not only for pathological diagnosis but also for
seizure control. Notably, meningioangiomatosis will not typ-
ically recur after surgical resection and usually does not ne-
cessitate adjuvant treatment.

Given that NF-related MA can be benign and indolent, an
asymptomatic patient could present for the first time, without
any known history of NF2. For this reason, it is imperative that
radiologists are well-versed in imaging findings of MA. Famil-
iarity with characteristic features can increase interobserver
specificity and lend greater confidence in recognition of this
extremely rare condition. Theoretically, an experienced im-
ager could recognize MA and raise clinical suspicion, prompt-
ing a genetic workup for underlying NF. We report this case of
cystic MA to further elucidate common radiological findings,
with intent of improving detection and patient care.

Patient consent

Patient consent was obtained.

Supplementary materials

Supplementary material associated with this article can be
found, in the online version, at doi:10.1016/j.radcr.2022.01.050.
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