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-BACKGROUND: We report the surgical management of a lesional drug-
resistant epilepsy caused by a meningioangiomatosis associated with a type
IIIc focal cortical dysplasia located in the left supplementary motor area in a
young male patient.

-CASE DESCRIPTION: A first anatomically based partial surgical resection
was performed on an 11-year-old under general anesthesia without intra-
operative mapping, which allowed for postoperative seizure control (Engel IA)
for 6 years. The patient then exhibited intractable right sensatory and aphasic
focal onset seizures despite 2 appropriate antiepileptic drugs. A second
functional-based surgical resection was performed using intraoperative corti-
cosubcortical functional mapping with direct electrical stimulation under
awake conditions. A complete surgical resection was performed, and a left
partial supplementary motor area syndrome was observed. At 6 months post-
operatively, the patient is seizure free (Engel IA) with an ongoing decrease in
antiepileptic drug therapy.

-CONCLUSIONS: Intraoperative functional brain mapping can be applied to
preserve the brain function and networks around a meningioangiomatosis to
facilitate the resection of potentially epileptogenic perilesional dysplastic
cortex and to tailor the extent of resection to functional boundaries.
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INTRODUCTION

Meningioangiomatosis is a rare, benign
developmental lesion frequently associ-
ated with refractory epilepsy.1-4 It has
recently been described as histopatholog-
ically associated with International League
Against Epilepsy type IIIc focal cortical
dysplasia.5 The complete surgical
resection of the epileptogenic brain
tissue can be an efficient treatment for
patients with meningioangiomatosis-
associated refractory epilepsy.2 However,
surgical management of such
epileptogenic brain lesions located within
eloquent brain areas poses a particular
surgical challenge because of the higher
risk of postoperative neurologic and
cognitive deficits. Similar to diffuse
glioma cases, functional-based surgical
resection using intraoperative functional
brain mapping with cortico-subcortical
electrostimulation under awake
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conditions can improve the benefit-to-risk
balance for these patients. We report the
case of a young male patient harboring a
lesional drug-resistant epilepsy caused by
a meningioangiomatosis associated with a
type IIIc focal cortical dysplasia located in
the left supplementary motor area; it was
treated with functional-based surgical
resection with intraoperative cortico-
subcortical functional mapping under
awake conditions.
CASE DESCRIPTION

A right-handed 11-year-old boy had a his-
tory of right sensitive focal onset epileptic
seizures for 2 years and aphasic seizures
for 1 month. The results of a physical ex-
amination were unremarkable, and mag-
netic resonance imaging (MRI)
demonstrated an atypical intracerebral
mass in the left supplementary motor area
(Figure 1). Antiepileptic drug therapy with
oxcarbazepine was introduced, allowing
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for seizure control. A multidisciplinary
meeting in the paediatric neurosurgical
centre proposed a surgical resection. A
first anatomically based partial surgical
resection using intraoperative MRI-based
neuronavigation (Surgiscope; ISIS, Gre-
noble, France) was performed using gen-
eral anesthesia without intraoperative
functional brain mapping in a pediatric
neurosurgical center. The initial neuro-
pathologic analysis suggested the diag-
nosis of focal cortical dysplasia with
insufficient histopathologic features to
propose a precise diagnosis of type I or II
focal cortical dysplasia, according to the
focal cortical dysplasia classification
available at the time6 (Figure 2). There
were no postoperative complications or
neurologic deterioration, except mild
disturbance of thin movements of the
distality of the right upper limb. Seizure
control (Engel IA) was obtained during
the next 6 postoperative years. At 17
years old, the patient experienced
w.WORLDNEUROSURGERY.org 281
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Figure 1. Preoperative magnetic resonance imaging findings of a left frontal meningioangiomatosis.
The T1-weighted (A) nonecontrast-enhanced and (B) contrast-enhanced sequences demonstrate a
hypointense mass with a slight pial enhancement next to the abnormal cortex (see enlarged focus).
(C, D) The fluid attenuated inversion recovery sequence demonstrates a cortico-subcortical signal
increase, with an adjacent multicystic mass within the left supplementary motor area and precentral
gyrus. The hypersignal tapers to the ventricle wall (transmantle sign) and is associated with a cortical
thickening and a blurring of the grey-white matter interface. There is no mass effect or vasogenic
edema.
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generalized onset tonic-clonic seizures
requiring a higher dose of oxcarbazepine.
At 19 years old, the patient presented with
282 www.SCIENCEDIRECT.com
intractable right sensatory and aphasic
focal onset seizures (2 seizures per week in
the preceding 3 months) despite 2
WORLD NEUROSURGERY, http
appropriate antiepileptic drugs (lacosa-
mide, oxcarbazepine). There was no pro-
gression on imaging follow-up. A
multidisciplinary meeting between epi-
leptologist of the paediatric neurosurgical
centre and neurosurgeon of the adult
neurosurgical centre proposed an
extended, functional-based surgical
resection with intraoperative cortico-
subcortical functional mapping under
awake conditions.7,8 A preoperative
multimodal and functional MRI was per-
formed (Figure 3). A highly specific
anatomic sulcal criterion of focal cortical
dysplasia in the central region—
previously described as the “power
button sign”—was identified on the left
central sulcus.9 Intraoperatively, the
surgical resection was continued until
cortical and subcortical eloquent sites
were identified, defining the functional
limits of the resection (Figure 3). There
were no intraoperative complications,
except one 10-second long motor focal
onset seizure, which stopped after ice-cold
serum application and which did not alter
the surgical procedure. Postoperatively, a
left partial supplementary motor area
syndrome with motor impairment and
mutism, but without other language
disturbance, was observed and a dedicated
rehabilitation was started at postoperative
day 1. There were no postoperative com-
plications and postoperative MRI showed
a complete surgical resection of the men-
ingioangiomatosis (Figure 3). The patient
was discharged at postoperative day 6 to
a rehabilitation center. The initial
neuropathologic analysis proposed the
diagnosis of a left frontal
meningioangiomatosis (Figure 2). A
blind neuropathologic review performed
for the present study proposed the
diagnosis of meningioangiomatosis
associated with type IIIc focal cortical
dysplasia, according to the International
League Against Epilepsy classification of
focal cortical dysplasia available at that
time.10 At 6 months postoperatively, the
patient has controlled seizures under 2
appropriate antiepileptic drugs
(lacosamide, oxcarbazepine) with an
ongoing decrease in lacosamide. The 6-
month postoperative cognitive and lan-
guage evaluation confirmed functions
similar to the preoperative evaluation. He
is still participating in physical rehabilita-
tion to achieve neurologic recovery of his
s://doi.org/10.1016/j.wneu.2018.03.145
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Figure 2. Neuropathologic findings concerning (A) first and (B)
second surgical resections. (A) The histopathologic specimen
showed an enlargement of Virchow-Robin spaces, without
vascular proliferation or fibrosis (a, Masson trichrome). Spindle
cells within the spaces were positive for vimentin but negative
for GFAP and EMA (data not shown). Selective labelling of
neuronal cell bodies using antibodies directed against NeuN (b)
revealed a small cortical ribbon (hypoplasia). Adjacent neocortex

revealed architectural disturbances without enlarged
dysmorphic neurons or balloon cell. Neurons were observed in
the molecular layer, and heterotopically in white matter. (c)
GFAP labelling revealed astrogliosis. Scale bar, 500 mm. (B)
Masson trichome staining showed a plaquelike intracortical
desmoplastic lesion (d), with hyalinized blood vessels and more
cellular foci with perivascular spindled cells and scattered
psammoma bodies (e and f; hematoxylin, phoxine, and saffron).
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left supplementary motor area syndrome
(mild disturbances of thin movement of
the distality of right upper and lower limbs
and of bimanual coordination).
DISCUSSION

Meningioangiomatosis is a rare, benign,
developmental epileptogenic lesion
involving the leptomeninges and brain
cortex; it is characterized by vascular pro-
liferation and calcifications. Meningi-
oangiomatosis occurs sporadically2 or in
association with a type II
neurofibromatosis, in which case it is
frequently multifocal and asymptomatic.11

Meningioangiomatosis can be associated
with other developmental lesions, such
as focal cortical dysplasia3,5 or
meningiomas.12 Meningioangiomatosis
occurs in children and young adults with
a long-standing history of epileptic
seizures. Complete surgical resection can
be an efficient treatment for patients with
refractory epilepsy, as in focal cortical
dysplasia.13-16

The etiopathogeny of meningi-
oangiomatosis is poorly understood. Three
main hypotheses have been proposed: 1)
meningioangiomatosis represents a hamar-
tomatous lesion that subsequently
WORLD NEUROSURGERY 114: 281-288,
undergoes degenerative changes; 2) men-
ingioangiomatosis represents a vascular
malformation with secondary meningothe-
lial cell proliferation; or 3) meningi-
oangiomatosis represents an extension of an
overlying meningioma that spreads along
Virchow-Robin spaces.3,17,18 We performed
a comprehensive literature review with the
description of 175 cases of meningi-
oangiomatosis, including the present
one1-4,11,12,17,19-70 (Table 1). The association
of a meningioangiomatosis together with a
focal cortical dysplasia, which has been
reported in 14 cases (8%), including the
present one, provides into the
understanding of the etiology of
meningioangiomatosis. One can assume
that these 2 distinct lesions share a
common pathophysiology that favors a
developmental etiology.3,17,18 However, the
low reported rate of focal cortical dysplasia
is possibly due to the difficulties in
ascertaining such a diagnosis in the
context of meningioangiomatosis, as
reported in the present observation. To our
knowledge, we report for the first time the
“power button sign,” which is an anatomic
sulcal variation described as a highly
specific criterion of focal cortical dysplasia
in the central region.9 We suggest that the
anatomic sulcal variation defined as the
JUNE 2018 ww
“power button sign” can be observed in
developmental malformations associated
with focal cortical dysplasia, including
meningioangiomatosis.
We found 109 patients (62.3%) with a

meningioangiomatosis-associated re-
fractory epilepsy who may have benefitted
from surgical management to achieve
seizure control (Engel IA). In addition, we
found 71 patients harboring a meningi-
oangiomatosis located within eloquent
brain areas (40.8%).74 These observations
favor the referral of such patients to highly
specialized centers where they could
benefit from functional-based surgical
resection for epileptic purposes using
intraoperative cortico-subcortical functional
mapping under awake conditions.
Concerning the surgical management,

a functional-based surgical resection
using intraoperative cortico-subcortical
functional mapping under awake condi-
tions was proposed to the patient, after
clear explanations about the benefit-to-
risk ratio, especially the risk of partial
recovery of the left supplementary motor
area syndrome, the risk of language
disturbances, and the need for prolonged
cognitive and physical rehabilitation. The
multidisciplinary meeting proposed a
surgical resection with the following
w.WORLDNEUROSURGERY.org 283
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Figure 3. Perioperative magnetic resonance imaging (MRI) findings and
intraoperative findings of the functional-based surgical resection with
intraoperative cortico-subcortical functional mapping under awake
conditions. (A) Preoperative MRI with fluid attenuated inversion recovery
(left), T1-weighted nonecontrast-enhanced (middle), and T1-weighted
contrast-enhanced (right) sequences demonstrating the first resection
cavity. (B) Preoperative functional MRI with 3D reconstruction (left)
demonstrating an atypical sulcal pattern defined by the interposition of a
pre-central sulcal segment between the central sulcus and one of its
hook-shaped anterior ascending branches called the “power button sign”
(red arrows) by analogy to the power symbol (right). (C) Intraoperative
photograph (middle) confirms this atypical sulcal shape and shows the
cortical functional organization of the primary motor areas within the left
central sulcus. Intraoperative photographs before (left) and after (middle,
right) surgical resection. Intraoperative functional boundaries were defined
through the identification of eloquent sites by cortico-subcortical electrical

bipolar stimulation mapping during awake craniotomy. The locations of
eloquent sites were marked intraoperatively by numbered tags. Tags A, B,
and C delimit the meningioangiomatosis, and the linear tag (1 cm in length)
delimits the central sulcus. Cortical direct electrical stimulation of that area
elicited reproducible involuntary movements (tags 1, 2, 3, 4, 5, 6, and 7),
reproducible speech arrest during naming task (tag 10), and reproducible
paresthesias (tags 20, 21, 22, 23, 24, 25, 26, 27, 28, and 29), according to
the sensorimotor somatotopy. Subcortical direct electrical stimulation of
that area elicited reproducible right leg (tags 8, 9, 11, 18, and 19) and right
arm (tags 16, 17) involuntary movements, reproducible latency during
naming task (tags 14 and 15), and reproducible saccadic eye movements
(tags 12 and 13). The surgical resection was performed without opening of
the left lateral ventricle. (D) Postoperative MRI with fluid attenuated
inversion recovery (left), T1-weighted nonecontrast-enhanced (middle),
and T1-weighted contrast-enhanced (right) sequences demonstrate the
complete surgical resection of the meningioangiomatosis.
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aims: 1) symptomatic, to achieve epileptic
seizure control, which is directly corre-
lated to the extent of resection2,13,75 and
to increase the chance of antiepileptic
drug withdrawal; 2) diagnostic, to ascer-
tain the diagnosis when confronting such
an atypical imaging presentation for an
isolated focal cortical dysplasia,
according to our neuroradiologic anal-
ysis; 3) curative, especially for a benign
brain lesion that can be responsible for
refractory seizures. The occurrence of an
early postoperative left supplementary
motor syndrome was expected and is
associated with good outcomes following
dedicated rehabilitation with the partici-
pation of the contralateral supplementary
motor area.76-78
284 www.SCIENCEDIRECT.com
The present findings should be inter-
pretedwith caution given the limited follow-
up, especially regarding postoperative
seizure control and Engel classification that
requires a 2-year-long postoperative follow-
up. The long-term functional results may
be affected by the follow-up time frame of 6
postoperativemonths, the potential increase
of seizures in the early postoperative period,
the potential continued withdrawal of anti-
epileptic drugs during longer postoperative
follow-up, and the potential for delayed
postoperative seizures.
CONCLUSION

The surgical resection of an epileptogenic
brain lesion located within eloquent brain
WORLD NEUROSURGERY, http
areas poses a particular surgical challenge
because of the higher risk of postoperative
neurologic and cognitive deficits. To
minimize the risk of damage to eloquent
areas and their connecting pathways, the
use intraoperative cortico-subcortical
functional electrostimulation mapping
using an awake procedure is recom-
mended during glioma surgery in these
brain regions.7,8,79-81 Applying the same
rationale, intraoperative functional
mapping can be applied to map and
preserve the brain function and networks
around a meningioangiomatosis to facili-
tate the resection of the potentially
epileptogenic perilesional dysplastic
cortex and to tailor the extent of resection
to functional boundaries.2,82
s://doi.org/10.1016/j.wneu.2018.03.145
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Table 1. Review of Meningioangiomatosis-Associated Focal Cortical Dysplasia

References Country Number of Patients Focal Cortical Dysplasia (n) Refractory Epilepsy (n) Eloquent Area* (n)

Roux et al., 2018 (present case) France 1 1 1 1

Iorgulescu et al., 201871 USA 4 0 2 2

Anand et al., 201772 USA 3 0 3 1

Nascimento et al., 201673 Canada 1 0 1 1

Donovan and Thavapalan, 201619 USA 1 0 1 0

Yust-Katz et al., 201620 Israel 1 n/a 0 1

Motevalli et al., 201621 Iran 1 0 1 n/a

Bulut et al., 201522 Turkey 1 0 0 0

Zhang et al., 201523 China 14 0 12 5

Grabowski and Prayson, 20153 USA 16 10 12 8

Sun et al., 201524 China 3 0 1 2

Aw-Zoretic et al., 201525 USA 1 0 1 0

Fu et al., 201526 China 1 0 1 1

Mukae et al., 20144 Japan 2 2 2 2

Li et al., 201427 China 1 0 1 0

Jeon et al., 201318 Korea 8 0 8 6

Feng et al., 20132 China 10 0 10 4

Shah et al., 201328 USA 1 0 0 1

Abdulazim et al., 201329 Germany 1 0 0 1

Jamil et al., 201230 USA 1 0 1 1

Jansen et al., 201231 Belgium 1 0 1 0

Marzi et al., 201232 Italy 1 0 0 0

Cui et al., 201212 China 1 0 1 0

Barbosa-Silva et al., 201233 Brazil 1 0 1 1

Shi et al., 201134 China 1 0 0 1

Kashlan et al., 201135 USA 1 0 1 1

Alexiou et al., 20111 Greece 1 0 1 0

Chen et al., 201036 China 1 0 0 1

Yao et al., 200916 China 7 0 6 n/a

Rokes et al., 200938 USA 1 0 0 0

Kim et al., 200939 Korea 1 0 1 1

Kim et al., 200940 Korea 9 1 8 n/a

Ishihara et al., 200941 Japan 1 0 0 1

Fedi et al., 200942 Australia 1 0 0 1

Saad et al., 200943 USA 1 0 1 1

Wang et al., 200644 China 5 0 2 4

Omeis et al., 200611 USA 2 0 0 2

Giulioni et al., 200645 Italy 1 0 1 0

*According to Chang EF, Smith JS, Chang SM, et al. Preoperative prognostic classification system for hemispheric low-grade gliomas in adults. J Neurosurg. 2008;109: 817-824.
yIn this study, the topography of the meningioangiomatosis was not described for 9 patients.

Continues
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Table 1. Continued

References Country Number of Patients Focal Cortical Dysplasia (n) Refractory Epilepsy (n) Eloquent Area* (n)

Deb et al., 200646 India 1 0 1 0

Kobayashi et al., 200647 Japan 1 0 1 0

Jallo et al., 200548 USA 6 0 6 3

Wixom et al., 200549 USA 1 0 1 1

Perry et al., 200517 USA 24 n/a n/a 11y
Krolczyk and Prayson, 200350 USA 1 0 0 1

Koutsopoulos et al., 200351 Greece 1 0 1 1

Kuchelmeister et al., 200352 Germany 1 0 0 0

Seo et al., 200353 Korea 1 0 1 0

Savargaonkar et al., 200354 USA 3 0 0 2

Kim et al., 200256 Korea 2 0 1 2

Kim et al., 200255 Korea 5 0 3 n/a

Savargaonkar et al., 200157 USA 2 0 0 1

Scroop et al., 200058 Australia 1 0 1 0

Mut et al., 200059 Turkey 1 0 1 0

Jallo et al., 200060 USA 1 0 0 0

Izycka-Swieszewska et al., 200061 Poland 1 0 1 1

Park et al., 199962 Korea 1 0 1 1

Tacconi et al., 199763 United Kingdom 1 0 1 1

Kollias et al., 199464 USA 1 0 0 1

Fujimoto et al., 199365 Japan 1 0 n/a 1

Kim et al., 199366 Korea 1 0 1 1

Blumenthal et al., 199367 USA 1 0 1 0

Aizpuru et al., 199168 USA 4 0 4 2

Louw et al., 199069 Canada 2 0 0 0

Ogilvy et al., 198970 USA 1 0 1 1

Data analysis — 175 14e8% 109e62.3% 71e40.8%

*According to Chang EF, Smith JS, Chang SM, et al. Preoperative prognostic classification system for hemispheric low-grade gliomas in adults. J Neurosurg. 2008;109: 817-824.
yIn this study, the topography of the meningioangiomatosis was not described for 9 patients.
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