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ABSTRACT

Objective: To study the functional outcome after surgical grti of cortical meningio-angiomatosis (MA) in
terms of seizure control and neurological disability

Methods: Four patients with MA were diagnosed with refragtepilepsy. All were surgically treated.

Results: Four cases of MA were reported three males andfemale. Median age at presentation was 19 years
(range 9-23 years). All patients had refractoryzsegs for 1-18 years with a median of 8 years. Tat@pts had
exclusively simple partial seizures, with secondgeyeralization; the other two patients had comppextial
seizures, with secondary generalization. CT and M&ie done for all patients. The lesion was inright frontal
lobe in one patient, left frontal in one patiemtltempropolar in one patient and right temporabime patient.

After surgical resection, three patients remaineidige free without antiepileptic treatment and tbarth patient
became controlled on monotherapy of antiepilep@atment. No patients had added neurological deificthe
postoperative follow-up period of six months to eigdars (mean 4.7 years)

Conclusion: MA commonly presents as refractory epilepsy. AlthoMd\ occurs infrequently, it is important to
establish the correct diagnosis. Surgical excisiprusually associated with good functional outconith the
patients either stop the antiepileptic treatmenbecome controlled on smaller doses.
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INTRODUCTION diagnostic and therapeutic problems faced by
Meningio - angiomatosis (MA) is consideredclinicians treating this condition. In the current
a benign congenital focal hamartomatoustudy, the clinical, imaging and pathological
malformation of the leptomeninges often involvingfeatures of MA are delineated. In addition, the
the cerebral cortex underneath. Meningiosurgical outcome in symptomatic cases was
angiomatosis (MA) is rare; for the first time itassessed.
was described in 1915 in association with
neurofibromatosi§-® Later some cases were
described  without  the  associated  withPatients
neurofiboromatosis (NF) and were found to be Four cases of MA were identified and confirmed
sporadid®*1227) by histopathological examination from 2001 to

The most common clinical presentation of MA is2008 at Alexandria main University hospital,
by seizures that are intractable and difficult tdhlexandria, Egypt. Clinical features, the assoofati
control, other clinical presentations includewith neurofibromatosis in patients and their family
headaches, however cases can present incident#jd the results of imaging and electrophysiological
during imaging of the brain to another reason. Thé@vestigations were obtained. Data on the
appearance of MA on imaging is non-specific angurgical outcome (seizures, antiepileptic drugs and
may resemble cystic gliosis, angioma, meningiomdeurological deficits) were addressed.
oligodendroglioma, arteriovenous malformation. All imaging studies were reviewed. The following
Histopathologically, Meningioangiomatosis showimmunohistochemical stains were performed on
meningovascular proliferation and leptomeningeatach case to determine the origin of proliferating
calcification®® Immunohistochemical results areor lesional cells: cytokeratin (low molecular weigh
inconsistent among cases, does not add to tkem 5.2) to assess epithelial differentiation;
diagnosis, and do not support a meningeal offdin. vimentin, a nonspecific marker of mesenchymal
The electrophysiological characteristics of seizurecells; epithelial membrane antigen, a marker of
producing MA lesions have not been well describedirachnoid cap cells, positive in most meningiomas;
Furthermore, although epilepsy surgery is5-100 protein, found in cells with neuroectodermal
briefly described as producing good results idifferentiation; glial fibrillary acidic protein
MA, 10-17:21-2931.3436) 5 ;1come  assessment is noGFAP), an intermediate filament in cells of
described, and attention has not been given to the astroglial differentiation; smooth muscle actin, a
marker of smooth muscle in blood vessel walls.
Correspondence  to:  Prof. Alaa El-Naggar, Cases were included if histopathological
Departmentof NeurosurgeryFaculty of Medicine  descriptions contained at least one of the two
Alexandria ~ University, — Tel: 0020122404261, classical features of MA, i.e. leptomeningeal
E-mail: alaa.elnaggar@alexmed.edu.eg proliferation and meningovascular proliferation.
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RESULTS clinical, radiological findings, and histopathologi
Patients confirmation was obtained.

Four cases of MA were reported; three males ardistopathology
one female, all were surgically treated. Median All patients’ MA lesions were confined to the
age at presentation was 19 years (range 9-23 yeafgptomeninges, with variable involvement of the
All patients had refractory seizures for 1-18&nderlying cortex. All lesions showed cortical
years with a median of 8 years. Two patients hagascular proliferation and perivascular cellular
exclusively simple partial seizures, with secondargroliferation. Cases were easily classified intosth
generalization, the other two patients had complexith predominantly cellular (patients 1 and 3) and
partial seizures, with secondary generalizatiore Ththose with predominantly vascular (patients 2 and 4
lesion was in the right frontal lobe in one patitsft  |esions. Predominantly cellular cases demonstrated
frontal in one patient, left tempropolar in oneiat  moderate to high cellularity. Varying architecture
and right temporal in one patient. After surgicalvas noted, consisting of focal areas of rhythmic
resection three patients remained seizure frg@lisading patterns. All cellular cases had lediona
without antiepileptic treatment and the fourth eati cells that in areas appeared to emerge from the
became controlled on monotherapy of antiepileptigerivascular location and infiltrate the cortex.isTh
treatment. No patients had added neurological Wlefioccurred  centrally  within - the  lesions, where
in the postoperative follow-up period of six momth  cellularity was most dense. Peripherally, the
eight years (mean 4.7 years) perivascular relationship of the cells became entide
Case presentation The blood vessels in these cases had a similar

The patient number three, a 13-year-old bogPPearance, i.e. they were thin-walled, slit-like.
presented with progressively sever intractablgrédominantly vascular cases contained thick-
epilepsy, which starts as partial seizures affgdtiis Wz_slll_ed, hyallr_uzed and calcified blood vessels with
right side with secondary generalization to tonictMinimal perivascular cell proliferation. Despite
clonic seizures. His seizures started when he wasCgllularity, the proliferating cells in all casesere
year old. Neurological examination revealed a mildvithout significant atypia, mitoses or necrosisd an
right-sided hemiparesis. There were no clinical df? N0 case the proliferating cells demonstrated
radiological stigmata of neurofibromatosis (NF). Arcortical invasion. All cases contained a meningeal
electro-encephalogram (EEG) revealed abnorm&Pmponent. Of_ these, thrge sh.owed calcification in
electrical activity over the left frontoparietaigiens. ~ areas of meningeal proliferation and within the
An unenhanced head computed tomography (CFEPrtex.
showed hyperintense partially calcified, gyriform Extensive pericellular reticulin deposition occutre
mass in the frontal lobe, resembling a partiallyn one of the two cellular cases (patients 3). lin a
calcified arteriovenous malformation. Moderateother cases, reticulin was confined to blood vessel
contrast enhancement was seen at this area ©@fe case (patient 4) demonstrated cortical dysplast
hyperintensity.  (Fig.1) Brain MRI showed neurons adjacent to the MA focus. All cases showed
a slight thickening and a mild increase in signagliosis within and adjacent to the lesion. On
intensity within the cortex over the convexity et immunostaining, the proliferating cell population
frontal lobe with calcified, gyriform mixed signal expressed vimentin uniformly. Results for other
pattern. On post-gadolinium T1-weighted imagegnarkers were mostlty negative. Our results illustra
a bright signal was noted (Fig.1). After completdhe variability of immunostaining and suggest that
surgical resection, the histopathology revealegroliferating MA cells do not correspond to a
MA (Fig.2). The patient has a persistent, milcknown, normally occurring cell type. Notably,
right-sided hemiparesis but remains seizure-fregpithelial membrane  antigen, a  known
without antiepileptic drugs. The diagnosis ofmeningothelial cell marker, was focally positive in
meningioangiomatosis was made on the basis of tlaly one case (patients 2).
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Fig. 1. Pre and post contrast CT scan of the representse showing the left frontal lesion. Notice théification
in the non contrast CT scan (upper left) Middle;itsad) and axial T1 contrast and cornal T2 of thmea&ase. Lower;
postoperative CT scan after total excision

:

Fig 2 (A&B): Demonstr d \;'a ' uneven appearance.
Haematoxylin and eosin, X120C&D) Higher power demonstrates subpial and perivasceddl proliferation.
Haematoxylin and eosin, X180.
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DISCUSSION i.e. only vimentin, an intermediate filament praotei

MA is considered a hamartomatous lesion of th&f fi_b_roblasts and mesenchymal cells, is consiltent
leptomeninges and adjacent cerebral cortex. It waesitive. Epithelial membrane antigen, a marker for
first described by Bassoe and NuZtim 1915, The arachnoid cap cells, and cam 5.2, co-expressed in
term ‘meningio-angiomatosis’ was first used byl0% of meningiomas, are often negative in MA.
Worcester-Drought et df? in 1937, Many cases GFAP, S-100 and neuronal specific enolase show
have been reported in NF patients and others gfgonsistent staining and factor VIl was not
reported sporadi:*>?” In sporadic cases the meaneXpressed by the lesional cells. These findings do
patient age was found to be somewhat younger, th@t Support a meningothelial origin for the
commonest presentation is partial seizures, wrch Perivascular cells. Instead, it is possible that a
progressively difficult to control, also other dtal  Pluripotent cell line undergoes differentiation
presentation may be headaches but some cases {@iards various cell types. Results of electron
also found incidentally during brain imaging formicroscopy are sparse and inconsistent in the
other reason$” The literature suggests higherliterature. Some cases suggest a meningothelial
occurrence in males and in the right hemispherQ.e”V?‘t'O”’ |.e._mterdlglt_atlng_cell membranes]| ce
MA usually affects the frontal or temporal regionsjunctions and intermediate filaments, while others

infrequently some cases may show involvement ¢fck such feature(é-. e 15.; 20 Atypical neuronal
the third ventricle, thalamus or brainst&m> inclusions resembling Pick bodies have been

Jecently described in sporadic MR

The characteristic pathological findings includ ) )
leptomeningeal meningovascular proliferation with The pathogenesis of MA remains unclear.
a variable degree of calcificatiG?® The degree of Proposed hypothes€8*" suggest that: (i) MA is a
calcification can vary from numerous psammon&amartoma that undergoes degenerative changes,
bodies histologically to dense calcification angry and association with NF in some cases supports this
ossification® The fibroblastic and angiomatoustheory; (i) MA results from invasion of brain tiss
proliferation can extend in a linear fashion alongy @ leptomeningeal meningioma, though not all
the Virchow-Robin perivascular spaces, thereb§@ses have a meningeal component and features
appearing to ‘penetrate’ the cortical grey mafter. of malignancy are typlcally_absent; (i) a cortica
Also the cortical changes include the presence ¥gscular — malformation induces  perivascular
neurofibrillary tangles, which represent degeneeati meningothelial prol_lferatlon of cells from vessel
changes in entrapped neurons. Neurofibrillaryv@lls or from pluripotent arachnoid cap cells in

tangles are not associated with amyloid plaques dirchow— Robin ~spaces. Leptomeninges and
granulovacuolar degeneration, may be a reactidfachnoid cap cells normally surround. blood vessels
phenomenon rather than an intrinsic MA3S they penetrate the cortex. Conceivably, chronic

componenf?g) leptomeningeal stimulation by the underlying
The histological spectrum can be broadbportical lesion could result in MA histopatholodica

classified into predominantly  cellular andchanges. ) _ ]
predominantly vascular lesions. Although each The pathological differential diagnosis of MA
lesion is unique, increased cortical vascularitg anincludes the Sturge-Weber syndrome, angiomas,
perivascular cellular proliferation are constanfPeningiomas, sarcoid or tubercular meningitis, and
findings. The main histopathological features arglioma.
leptomeningeal meningothelial proliferation and MA does not have a typical CT or MRI
meningovascular proliferation. Except for boneappearance. On CT scans without contrast, the non
formation, our four cases demonstrate the fultalcified areas of the lesion may range from
range of recognized histological morphologies, i.gsodense to moderately hypodense. Calcifications
calcification, gliosis, perivascular connectivemay be seen as either linear or granular in
tissue proliferation, dysplastic neurons, and largenature™® The degree of contrast enhancement is
vessel hyalinization. In many cases, proliferatingariable. On MR scans MA tend to be iso- to
perivascular cells infiltrate the cortex in asstiola hypointense to grey matter on T1-weighted images,
with marked cellularity and reactive gliosis. Urdes hyperintense on T2- weighted images with areas of
the pathologist is familiar with the histologicaldense calcification producing marked T2 shortening
features of MA, these features may lead to thand thus appearing as hypo-intense areas often
erroneous diagnosis of malignancy, as illustrated bwithin the center of the lesidh?®*® Contrast
our case 3 and other cases in the literditie. enhancement is variable. Because of the nonspecific
Immunohistochemistry has limited diagnostic@PPearance, MRI may erroneously suggest low-
value, as staining patterns vary among MA case§fade tumour, vascular malformations, or cystic
Some immunostaining was done in 24 pub|ishegr_lcephalpr_nalaua. CT and MRI enhancement occurs
cases, although often not in a panel. Results of oWith sufficient frequency to blur the distinction
immunostaining panel parallel those in the literatu between MA and other lesions.
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Total surgical resection is the treatment of choice Schochet SS Jr, Kaufman HH. Childhood
for MA, with the prognosis being very good with meningioma associated with meningio-
complete cure from seizures in most cd¥e<) angiomatotis. J Neurosurg 1993; 78: 287-9.
Seizure Outcome Following Surgery 6.D§vidson GS, Hope JK. Meningeal tumors of
childhood. Cancer 1989; 63: 1205-10. Feigin I.
The nerve sheath tumor, solitary and in von
Recklinghausen'’s disease; a unitary mesenchymal
concept. Acta Neuropathol (Berl) 1971; 17: 188—
200.
.Foerster O, Gagel O. Ein Fall von
ORecinnghausenscher Krankheit mit fu'nf
ebeneinander bestehenden verschiedenartigen
umorbildungen. Ztschr f d ges Neurol u Psychiat
: . . . 1932; 138: 339-60.
Ag‘?' M.A location _and Size, duration of '”ne_SSS.Fujimoto K, Nikaidoh Y, Yuasa T, Nagata K,
and interictal EEG findings did not correlate with Ida Y, Fujioka M, et al. Meningioangiomatosis not

seizure outcome. The only single factor emerged aS,ssociated with von Recklinghausen’s disease—
determinant of seizure outcome following resection case report. Neurol Med Chir (Tokyo) 1993; 33:
of MA lesions was complete resection. Therefore, ggq_ g ' T

our data suggest that seizure outcome after SUrge§\-,ren PD, Powers JM, King JS, Perot PL Jr.
IS yarlable f”md that.resect!on of the lesion and OfIntracranial fibroosseous lesion. J Neurosurg 1989;
epileptogenic cortex is required. 70: 475-7.
Conclusions 10.Gomez-Anson B, Munoz A, Blasco A, Madero S,
The wide spectrum of EEG and imaging Esparza J, Cordobes F, et al. Meningio-
expressions of MA often impedes the clinical angiomatosis: advanced imaging and pathological
diagnosis. Although histopathological diversity is study of two cases. Neuroradiology 1995; 37:
common, MA can be classified into cases with 120-3.
predominantly cellular features and those witdl.Halper J, Scheithauer BW, Okazaki H,
predominantly vascular features. Little diagnostic Laws ER Jr. Meningioangiomatosis: a report of six
gain accrues from immunostaining because of itscases with special reference to the occurrence of
variability. Sporadic MA commonly presents as neurofibrillary tangles. J Neuropathol Exp Neurol
refractory focal epilepsy, but other clinical 1986; 45: 426—46.
presentations are recognized. Although MA occur$2.Harada K, Inagawa T, Nagasako R. A case
infrequently, it is important to establish the emtr  of meningioangiomatosis without von
diagnosis. Extralesional epileptogenesis and viriab Recklinghausen’s disease. Report of a case and
seizure outcome must be considered when planningeview of 13 cases. [Review]. Childs Nerv Syst
surgical treatment. Finally, the association of 1994; 10: 126-30.

Seizure-free rates in the current series
and in the literature were 75 and 68%,
respectively!0:11:17:2122.27.29.3136)50i7res  improved
in one (25%) of our four patients, compared with
30% improvement in the literature. The case whic
showed only improvement had temporal (limbic an
neocortical) seizures, in this case the sclerose
amygdala and hippocampus was not resected durin
surgery, also in this case MA was partly removed.
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