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Abstract Background: Meningioangiomatosis (MA) is a rare benign disorder. It may occur sporadically or in
association with neurofibromatosis (NF). The sporadic type typically presents with seizures, whereas
that associated with NF is often asymptomatic. Of the 100 cases reported, only 14 are associated with
NE. We now report 2 additional cases of MA associated with neurofibromatosis 2 (NF2) in a single
family, with one occurring in the cerebellum. The etiology, pathology, and imaging features of MA
are presented.

Case Description: A 38-year-old woman (patient 1) presented with a 4-month history of ataxia. She
had been diagnosed previously with NF2. Magnetic resonance imaging (MRI) scans of the brain
revealed bilateral acoustic neuromas and multiple calcified intracranial lesions. Her 13-year-old
daughter (patient 2) presented with complex partial seizures. MRI scans of the brain revealed
bilateral acoustic neuromas and a right parietal mass.Patient 1 underwent a suboccipital craniotomy
to resect the right-sided acoustic neuroma. A small portion of normal-appearing cerebellar cortex was
resected to avoid undue retraction. Histopathologic examination showed the presence of a lesion
consistent with MA. Patient 2 underwent a right temporal-parietal craniotomy to remove the
enhancing epileptogenic right posterior temporoparietal lesion. Histopathologic analysis showed a
lesion consistent with meningioma and MA.

Conclusions: MA has been reported infrequently in association with NF2. We now report 2 cases of
MA associated with NF2 in one family, and we add the cerebellum to possible locations of
occurrence. MA should be considered in the differential diagnosis of cortical lesions, particularly in
patients with NF2.

© 2006 Elsevier Inc. All rights reserved.
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1. Introduction known to occur sporadically, and it is potentially a
surgically curable cause of epilepsy [73]. Of the 100 cases
reported, only 14 are associated with NF. We now add
2 additional cases of MA in a mother and daughter with NF.
We also report the presence of MA in the cerebellum of one
of these patients.

MA is a rare focal lesion involving the leptomeninges
and underlying cortex [75]. It is characterized by meningo-
vascular proliferation and leptomeningeal calcification [20].
MA was originally described in association with von
Recklinghausen disease [5]. However, it has since been

2. Case report

Abbreviations: EMA, epithelial membrane antigen; MA, meningioan- 2.1. Patient 1

giomatosis; MRI, magnetic resonance imaging; NF, neurofibromatosis. . . .
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instability. Evaluation 4 years earlier for multiple subcuta-
neous nodules on the forehead and face had led to a
diagnosis of neurofibromatosis 2 (NF2). Physical and
neurological examination revealed frontal dysplasia, left
proptosis, bilateral corneal opacities, left peripheral facial
palsy, bilateral sensory neural hearing deficit, and hoarse-
ness. Gait ataxia was present.

MRI scans of the brain revealed the presence of bilateral
acoustic neuromas and multiple additional lesions, including
bifrontal, falcine, petrous ridge, and en plaque meningiomas
(Fig. 1), some with large cystic diverticulae extending into
the cortex. The patient underwent a suboccipital craniotomy
for removal of the right-sided acoustic neuroma. A small
portion of lateral cerebellar cortex was resected to avoid
undue retraction during surgery. Postoperative MRI con-
firmed gross total resection of the lesion (Fig. 2). She had a
prolonged hospital course and exacerbation of her lower
cranial neuropathies that required the placement of a
gastrostomy feeding tube.

Histopathologic analysis of the tissue revealed 4 distinct
components: schwannoma (Fig. 3A); MA of the cerebel-
lum (Fig. 3B); and 2 meningioma subtypes, | mesothelial
(Fig. 3C) and 1 psammomatous (Fig. 3D).

2.2. Patient 2

A 13-year-old right-handed girl, the daughter of patient
1, presented with complex partial seizures. Her physical
examination was unremarkable.

MRI scans of the brain revealed the presence of bilateral
acoustic neuromas and a contrast-enhancing intra-axial
lesion in the right parietal midconvexity region (Fig. 4).

Electroencephalography identified an epileptogenic focus
in the posterior right temporal region.

The patient underwent a right temporal-parietal craniot-
omy and resection of the lesion. Postoperative MRI
confirmed gross total resection of the tumor (Fig. 5). Her
postoperative course was uncomplicated. She has remained
seizure-free without anticonvulsant therapy postoperatively.

Fig. 1. Preoperative T1-weighted MRI scans with gadolinium of patient 1.
Left: Axial image showing bilateral acoustic neuromas, the right larger than
the left. Right: Coronal image showing left frontal bone dysplasia, en-
plaque meningioma, right frontal cystic lesion, and left cerebellar lesions.

Fig. 2. Postoperative axial T1-weighted MRI scans with gadolinium
showing gross total resection of right acoustic neuroma.

Histopathologic analysis of the tumor showed 2 distinct
components. One portion was consistent with meningioma
(Fig. 6A), and the other with MA (Fig. 6B).

3. Discussion

MA, a rare, benign disease, involves the meninges and
cortex. It was first described in 1915 by Bassoe and Nuzum
[5] as an incidental autopsy finding in a 15-year-old boy with
NF. It was named by Worster-Drought et al [75] in 1937,
who considered it a “forme fruste” of NF, that is, a patient
presenting with restricted disease and no family history
[68]. Since its initial description, approximately 100 cases of
MA have been reported in the literature, 14 in association
with NF (Tables 1 and 2). We now add 2 additional cases.

3.1. Demographic features

The median age of patients with MA at the time of diag-
nosis was 23 years for those associated with NF and 17 years
for those occurring sporadically. The youngest patient
reported with MA was 11 months [7], and the oldest was
71 years [62]. The male/female ratio was approximately equal
in patients with MA associated with NF, but men outnum-
bered women by a ratio of 2:1 in patients with sporadic MA.

3.2. Location

In patients with sporadic MA, the temporal lobe (33%) is
the most common location for MA followed by the frontal
lobe (25%). In patients with MA associated with NF, the
frontal lobe is the most common location for MA (35%).
Multiple lesions of MA, when present, are more common in
patients with NF (35%) than in patients without NF (13%).
MA mainly involves the cerebral cortex (>80%), although
other locations have been described, such as the third
ventricle [6], pulvinar-cerebral peduncle [58], corpus
callosum [30], trigeminal ganglion [14], and the brain stem
[36]. We now add the cerebellum.

3.3. Clinical presentation

In patients with MA associated with NF, MA was found
incidentally in 10 of the 12 cases in the literature for whom
presentation was reported (Table 1). One patient presented
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Fig. 3. Photomicrographs of tumors from patient 1, stained with hematoxylin-eosin. Histopathologic findings reveal (A) vestibular schwannoma consisting
mostly of Antoni type A tissue with Verocay bodies (original magnification x10), (B) MA in cerebellar cortex with overlying meningioma (original
magnification X 10; inset, magnification X 100), (C) transitional meningioma (original magnification X40), and (D) psammomatous meningioma (original

magnification X40).

with a headache and one with focal seizure. Patient 2, who
was subsequently diagnosed with NF2, presented with a
partial complex seizure associated with the location of MA,
which is an unusual characteristic of patients with MA and
NF. In MA without NF, seizure was the prominent presenting
symptom in 60 patients (73%). Other symptoms were head-
ache in 9 patients, hemiparesis in 4, memory impairment in
1, personality change in 1, and vertigo in 1. In only 3 pa-
tients was the finding of MA considered incidental (Table 2).

3.4. Imaging

Patients with and without NF had similar findings on the
various imaging modalities. The most common finding on
computed tomography scan was a calcified enhancing lesion
with surrounding low density. MRI findings showed
hypointense signal on T1- and T2-weighted images and
surrounding hyperintense signal on T2-weighted sequences.
Most of these lesions were enhanced with gadolinium.
However, MA may mimic other pathological processes on
MR, including meningioma [54], acute hemorrhage [3],
calcified arteriovenous malformation, and encephalomala-
cia. In view of the wide spectrum of findings, radiographic
imaging does not permit a precise diagnosis [18].

3.5. Pathogenesis

The pathogenesis of MA is unknown; however, 3 theories
have been entertained [17,35,36,56]. First, MA could

originate as a microvascular malformation of the cerebral
cortex that induces proliferation of arachnoidal and fibro-
blastic cells in the Virchow-Robin spaces. Second, MA could
result from direct invasion of the brain parenchyma by a
leptomeningeal-based meningioma. Third, MA could repre-
sent a meningovascular hamartoma that undergoes degener-
ative changes.

MA occurs in patients with and without NF, and some
authors even have hypothesized that sporadic MA could be a
forme fruste of NF [31,51,75]. Although historically MA is
associated with neurofibromatosis 1 [40,42,56,61], growing
evidence indicates a greater association with NF2 [66]. The
NF2 gene on chromosome 22q12 encodes a widely expressed
protein, merlin, which may link the actin cytoskeleton to cell-
surface molecules important for cellular remodeling and
growth regulation [4]. Merlin has been shown in a recent
study [49] to interact with the cytoplasmic tail of the cell-
surface glycoprotein CD44, which appears to be involved in
growth-arrest signaling.

Patients with NF2 have an inactivating germline muta-
tion of the NF2 gene that predisposes them to the
development of schwannomas and meningiomas [19,45].
In a large proportion of cases of sporadic schwannomas and
meningiomas, the NF2 gene is also inactivated by somatic
mutations, leading to the loss of merlin. This finding
suggests that the NF2 gene product is an important growth
regulator for Schwann and leptomeningeal cells [44,60].
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Fig. 4. Preoperative axial T1-weighted MRI scans with gadolinium of
patient 2 showing (A) bilateral acoustic neuromas and (B) the right
temporal-parietal lesion and the left frontal lesion.

Sporadic MA and NF2-associated MA are histologically
similar but clinically different. Whereas sporadic MA is
usually a single, clinically symptomatic lesion, NF2-
associated MA may occur in multiple locations and is
usually diagnosed incidentally. Stemmer-Rachamimov et al
[67], in an attempt to determine whether sporadic cases of
MA were associated with somatic or germline alterations of
the NF2 gene, screened the NF2 gene in 12 patients with

Fig. 5. Postoperative axial T1-weighted MRI scans with gadolinium,
showing complete resection of the right temporal-parietal lesion.

Fig. 6. Photomicrographs of tumors from patient 2 stained with
hematoxylin-eosin. Histopathologic findings reveal (A) meningioma
(original magnification X 10), (B) MA (original magnification X 10). Inset,
Perivascular growth of meningothelial and fibroblastlike cells (original
magnification x100).

sporadic MA. They found no germline mutations. They also
found that somatic mutations of the NF2 gene do not play a
major role in sporadic MA.

Table 1
Reported cases of patients with MA and NF
Series (reference no.) Age Location Presentation
(y)/sex
Bassoe and Nuzum, 15/M Right frontal Incidental
1915 [5]
Foerster and Gagel, 21/M Frontoparietal Incidental
1932 [11]
Worster-Drought et al, 25/M Right frontal Incidental
1937 [75]
Beck, 1938 [6] 23/F Third ventricle Incidental
Hozay, 1953 [23] 39/M Occipitoparietal ~ Incidental
Rubinstein, 1963 [58] 16/F Frontoparietal Incidental
23/F Pulvinar Incidental
32/M Cingulate gyrus  Incidental
Feigin, 1971 [10] NS NS Incidental
Halper et al, 1986 [20] 38/F Parietotemporal ~ Incidental
Huson et al, 1988 [24] 43/M Right frontal HA, drowsiness
Liu et al, 1989 [42] 22/F Left frontal Seizure
Jay et al, 1997 [27] 6/M Frontotemporal NS
Mokhtari et al, 1998 [48] 24/M NS NS
Present cases 13/F Right Complex

temporal-parietal ~ partial seizure
38/F Left cerebellar Ataxic gait

NS indicates not stated; HA, headache.
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Series (reference no.) Age (y)/sex Location Presentation Surgical Associated with
outcome
Johnson and Nielson, 1976 [28] 23/M NS Incidental NS
Rhodes and Davis, 1978 [57] 27/F Right frontal Headache NS
Kasantikul and Brown, 1981[31] 15/M Right frontal Seizure NS Vascular
malformation,
meningioma
23/M Right temporal Seizure NS
Auer et al, 1982 [3] 15/M Frontal Headache NS
Jun and Burdick, 1984 [30] NS Corpus Callosum Headache, NS
nausea, vomiting
Halper et al, 1986 [20] 10/F Right frontal Seizure NS
17/F Right frontal Seizure NS
26/M Left temporal Seizure NS Vascular
malformation
30/M Right frontal Seizure NS
70/M Left occipital Incidental NS
Harada et al, 1987 [22] 62/F Right frontal Seizure NS Anterior cerebral
artery aneurysm,
medullary venous
malformation
Kunishio et al, 1987 [40] 39/M Right parietal Incidental NS
Sakaki et al, 1987 [61] 30/F Right temporal Seizure NS Vascular
malformation
Kuzniecky et al, 1988 [41] 24/M Right temporal Seizure NS
Matias-Guiu et al, 1988 [46] 42/M Right parietal Seizure NS
Garen et al, 1989 [14] 44/M Right trigeminal ganglion Atypical facial pain NS
Ogilvy et al, 1989 [51] 9/M Temporal Seizure NS Hamartoma
Paulus et al, 1989 [55] 5/M Temporal Seizure NS
Louw et al, 1990 [45] 33/ M Frontotemporal Headache NS Meningioma
Whiting et al, 1990 [71] 18/F Right temporal Seizure NS Encephalocele
Aizpuru et al, 1991 [1] 2/M Right parietal Seizure NS
5/M Right temporal Seizure NS
9/F Left temporal Seizure NS
21/M Right temporal Seizure NS
Goates et al, 1991 [17] 13/F Left parietal Seizure NS Vascular
malformation
Oka et al, 1991 [52] 14 mo/F Left parietotemporal Seizure NS
Partington et al, 1991 [54] 17/F Right frontal Generalized NS
seizure
19/M Right frontal Seizure NS
Ruscalleda et al, 1991 [59] NS NS NS NS
Wilson et al, 1991 [74] 17/M Frontal Seizure Transitional Meningioma
Tien et al, 1992 [70] 2/F Right occipital Seizure NS
™ Left frontal Seizure NS
Blumenthal et al, 1993 [7] 11 mo/M Right frontal Seizure NS Meningioma
Drut et al, 1993 [9] NS NS NS NS
Fujimoto et al, 1993 [12] 7/E NS NS NS
Kim et al, 1993 [34] 18/M Right temporal Seizure (15 y) NS
Harada et al, 1994 [21] NS NS Seizure NS
Gomez-Anson et al, 1995 [18] 4/M Bifrontal Seizure, NS
personality
change
Kollias et al, 1994 [36] 3/F Brainstem NS NS
12/M Right temporal Seizure NS
Prayson, 1995 [56] 11/M Right frontal Seizure NS
14/F Right temporal Seizure NS
32/F Left frontal Seizure NS
Lopez et al, 1996 [43] 15/M Left temporal Seizure NS Oligodendroglioma
Al-Hindi et al, 1997 [2] 7/E Left temporal Seizure NS
Tacconi et al, 1997 [68] 60/M Right frontoparietal Focal seizure Seizure-free
Chakrabarty and Franks, 1999 [8] 22/M Left frontoparietal Seizure NS
Giangaspero et al, 1999 [15] 9/M Frontal Seizure transitional

(continued on next page)
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Series (reference no.) Age (y)/sex Location Presentation Surgical Associated with
outcome
Park et al, 1999 [53] 47/F Left frontoparietal, Headache, Seizure-free
right parietal generalized
seizure
53/M Left frontoparietal Headache, Seizure-free
generalized
seizure
Wiebe et al, 1999 [73] 10/F Left temporal Focal seizure Persistent seizure Hemorrhagic
stroke
12/M Left mesial temporal Seizure Seizure-free
17/M Right temporal Seizure Persistent seizure
18/F Right occipitoparietal Simple partial Seizure-free
seizure
31/M Left temporal Seizure Seizure-free
33/F Left temporal Seizure Persistent seizure
37/F Right temporal Seizure Persistent seizure
28/M Occipitotemporal Seizure Transitional
Izycka-Swieszewska et al, 31/F NS NS NS
2000 [25]
Jallo et al, 2000 [26] NS NS NS NS
Jorge et al, 2000 [29] NS Temporal Seizure NS
Mut et al, 2000 [50] 20/M Right temporal Seizure NS Meningioma
Scroop et al, 2000 [64] 16/M Left temporal Focal seizure Seizure-free
Savargaonkar et al, 2001 [62] 71/M Left occipital Focal seizure NS
Sinkre et al, 2001 [66] 8/M NS NS NS Meningioma
Garcia Muret et al, 2002 [13] NS Right occipital Generalized seizure NS
Girija and Somanath, 2002 [16] 43/M NS Migraine, left weakness NS
Kim NR et al, 2002 [32] 3M Right frontoparietal Partial seizure, Seizure-free
left weakness
4/M Left frontal Headache Symptom-free
6/M Left temporal Right hemiparesis Persistent
weakness
IM Bifrontal Seizure Seizure-free
19/'M Right temporal Seizure, vertigo Seizure-free
Kim et al, 2002 [33] NS Left frontal Headache NS
NS Frontal Intracerebral NS
hemorrhage
Meyer et al, 2002 [47] 4/F NS Seizure NS Meningioma
Takeshima et al, 2002 [69] 16/M Right temporal HA NS Meningioma
Koutsopoulos et al, 2003 [37] 10/F Left frontal Seizure NS
Krolczyk and Prayson, 2003 [38] 11/M Right temporal Seizure NS
Kuchelmeister et al, 2003 [39] 58/M Right frontal Forgetfulness Symptom-free
Savargaonkar et al, 2003 [63] 3/F Temporal Seizure NS
NS NS NS NS
Seo et al, 2003 [65] NS Frontotemporal Seizure NS
Widdess-Walsh and Friedman, 15/F NS Left hemiparesis NS
2003 [72]

3.6. Pathology

MA appears as a firm, whitish, sharply demarcated,
plaquelike mass within the cortex. Microscopically, this
lesion is characterized by a meningothelial and fibroblastic
proliferation ensheathing an angiomatous microvascular
network [73]. Histological analysis allows classification
into predominantly cellular and predominantly vascular
lesions. Some lesions demonstrate a predominance of
meningothelial elements accompanying the angiomatous
vascular network, infrequently with frank meningioma
formation. Scattered psammoma bodies and dense osteoid
formation may be present [55,61,67]. Other lesions in which

meningothelial cells are inconspicuous exhibit hyalinized
vascular channels associated with perivascular fibrosis and
fibroblastic cells. MA encroaches upon the intervening
cortical parenchyma, which becomes gliotic and may
contain neurons with neurofibrillary tangles. These neuro-
fibrillary tangles, not associated with amyloid plaques,
could represent a nonspecific degenerative change [67].
Immunohistochemistry has limited diagnostic value, as
there is no constant staining pattern among MA cases that
would differentiate them from other pathological processes;
staining for vimentin and EMA has been noted [73].
Nonetheless, immunohistochemistry may aid in the differ-
entiation and exclusion of other disorders such as menin-
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gioma and schwannoma, because the latter shares common
histological features with MA. Schwannomas are diffusely
S100 protein—positive and EMA-negative, whereas only
20% of meningiomas stain focally with S100 protein, and
80% stain EMA-positive [18,55]. Moreover, MIB-1 labeling
is typically low, less than 1% [56].

3.7. Associated abnormalities

MA was associated with adjacent astrocytoma, ependy-
moma, and a primitive neuroectodermal tumor [27],
meningioma [10,27,38,41,75], hamartoma [50], encephalo-
cele [71], oligodendroglioma [43], anterior cerebral aneu-
rysm and venous angioma [21], and vascular malformations
[17]. In our patients, MA was associated with meningioma
(patient 2) and schwannoma (patient 1).

3.8. Electrophysiology

Scalp electroencephalography data revealed 2 patterns of
epileptiform discharges. One resembled a focal lesion whose
epileptogenicity is produced by adjacent cortex. A second
pattern shows an epileptiform discharge that is similar to
that of cortical dysplasia in which the lesion itself produces
spikes [73].

3.9. Surgical outcome of patients presenting with seizure

In one review [73], seizure-free rates after resection of
foci of MA ranged from 43% to 68%. A decrease in seizure
frequency and severity occurred in 30%, and no seizure
improvement occurred in 5%.

Age, MA location and size, and duration of symptoms
did not correlate with seizure outcome. Thus, outcome after
surgery for seizure caused by MA is variable. However,
lesionectomy may afford considerable improvement, and in
some cases, a surgical cure may be effected.

4. Conclusions

MA is a distinct clinicopathologic entity that has an
occasional association with NF2. In its sporadic form, the
genetic basis is not well clarified. We report 2 cases of MA
associated with NF in a single family, and the cerebellum
as a new location of occurrence. The wide spectrum
of imaging expressions of MA often impedes the clini-
cal diagnosis. MA should be considered in the differen-
tial diagnosis of cortical lesions, particularly in patients
with NF2.
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The Blunt End

There is little evidence that the use of HIT to improve safety has any sustained positive
effect. It can, in fact, be detrimental, as shown in the comparison of manual control of a
status board for OR scheduling with a computerized system. One reason is the very poor
understanding of what human beings at the “sharp end” of patient care actually do. HIT
developed to serve management, the “blunt end,” which uses policies, procedures, resources,
and constraints. Blunt HIT can hamper cognitive work and complex human interactions in
patient care (Nameth C, et al. J Biomed Informatics 2005;38:18-25, available at
www.sciencedirect.com).
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