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Abstract

Objective The goal of this study was to determine the epi-
demiology, clinical presentation, associated factors, patho-
logical features, and treatment outcome of pediatric
meningiomas in a single-center institution.

Methods Clinical data of 15 patients under 18 years of age
operated on for meningiomas from January 1994 to Decem-
ber 2010 were reviewed.

Results The study group included nine males and six
females (mean age of 13 years at surgery). The most com-
mon symptoms at presentation were headaches in 6 out of
15 (40 %), raised intracranial pressure in 3 out of 15 (20 %),
and seizures in 3 out of 15 (20 %). Sole operated tumors
were found in 12 out of 15 (80 %), whose location is as
follows: parasagittal in 4 out of 12 (33.3 %), 2 in the
convexity (16.6 %), 2 at the skull base (16.6 %), and 4 in
other sites (33.3 %). Six children presented with radiation-
induced (RT) meningiomas and five had evidence of neuro-
fibromatosis type 2 (NF2). Three patients had multiple
meningiomas (all of them had NF2). Simpson’s grade I
excision was achieved in 12 out of 15 (80 %). On histopa-
thology, 11 out of 15 (73.3 %) were grade I and 4 out of 15
(26.6 %) were grade 1II (all of them atypical). Five tumors
(33.3 %) recurred, four of which had RT or NF2. During the
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mean follow-up period of 5 years, 12 out of 15 (80 %) had a
good outcome (GOS=5).

Conclusions Childhood meningiomas are uncommon
lesions with a slight male predominance. Absence of large
series with long follow-up precludes any definite conclu-
sions on the clinical course and outcome of these tumors.
Associated factors (such as RT and NF2), location, and
extent of excision appear to be more important than histo-
pathological grade in predicting outcome.

Keywords Meningioma - Complex rearrangements -
Radiation-induced tumor - Neurofibromatosis - Brain tumor -
Pediatric neurosurgery

Introduction

Meningiomas are uncommon childhood tumors. Cushing
and Eisenhardt’s 1938 monograph meticulously categorized
meningiomas, including their presentation, clinical out-
come, and surgical strategies, and recognized the occurrence
of child and adolescent meningioma separately [7].

Since then, several series have been published. In adults,
meningiomas roughly account for 30 % of primary central
nervous system (CNS) neoplasms and extensive research
has been directed towards these tumors [21]. On the other
hand, child and adolescent meningiomas are rare, account-
ing for 0.4—4.6 % of CNS tumors in this population, and
published data regarding their features are scarce [10, 22].

Management approaches have been drawn from such
reports and extrapolated from the treatment of adult menin-
giomas [45], without clear, statistically validated guidelines
for the management of child and adolescent meningiomas.
Most tumors are sporadic. However, risk factors for the
development of meningiomas include history of radiation
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therapy (RT) or diagnosis of neurofibromatosis type 2 (NF2)
[3, 12, 32, 35, 40].

This report is an attempt to evaluate clinical and patholog-
ical features and surgical outcome in a single-center series of
pediatric patients who underwent surgery for the treatment of
meningiomas in the context of published literature.

Clinical material and methods
Patient population

We reviewed the files of 490 children younger than 18 years
harboring a brain tumor, over a 16-year period, who under-
went surgery in our institution from January 1994 to De-
cember 2010. Fifteen cases of meningiomas were identified
and enrolled in the study.

The variables analyzed included age, sex, clinical presenta-
tion, radiological features, extent of resection, associated fac-
tors (NF2/RT), and histopathology. Extent of resection was
analyzed based on the Simpson grading system [43] and the
Glasgow Outcome Scale (GOS) was used to analyze outcome.

They had all been preoperatively evaluated by structural
brain imaging [axial computerized tomography and/or mag-
netic resonance (MR) imaging]. Shortly after surgical exci-
sion, all patients were put on regular follow-up.

This study was approved by the Research Ethics Com-
mittee of the University Hospital of Ribeirdo Preto Medical
School—USP (Proc. 6591/2007).

Results
Clinical and surgical data

Fifteen patients with meningiomas were identified in a 16-
year period, yielding a 3 % occurrence of meningioma
among all newly diagnosed brain tumors in children. In
the same period, 322 patients with meningiomas had under-
gone surgery in our institution. Thus, childhood meningio-
mas accounted for 4.6 % of total meningiomas.

Mean age at diagnosis was 12 years (range, 418 years),
while mean age at surgery was 13 years (range, 4—18 years).
Patients operated on included nine males and six females with
a male/female ratio of 1.5:1. The mean length of symptoms/
signs ranged from 2 months to 3 years (mean, 12 months). Six
patients (40 %) presented with radiation-induced meningiomas
and five (33.3 %) had evidence of associated NF2. Patient’s
age, gender, tumor location, associated factors, histopatholog-
ical aspects, and outcome are summarized in Table 1.

The most common presenting symptoms were headaches
(40 %), followed by raised intracranial pressure (20 %) and
seizures (20 %).

@ Springer

Single tumors were found in 12 out of 15 (80 %), whose
location is as follows: parasagittal in 4 out of 12 (33.3 %),
convexity in 2 out of 12 (16.6 %), skull base in 2 out of 12
(16.6 %), sphenoidal in 1 (8.3 %), falcotentorial in 1
(8.3 %), intraventricular in 1 (8.3 %), and dorsal spine
(D4-D5) in 1 case (8.3 %). Three patients (20 %) had
multiple meningiomas, all of which had NF2. Radiological
features were similar to adult meningiomas, and cystic
changes were observed in only one patient (case 9) (Fig. 1).

A total of 20 meningiomas were operated on in 15 patients.
Simpson’s grade I excision could be achieved in 12 patients
(80 %), whereas grade II was achieved in 2 patients, and grade
III was achieved in 1 patient (case 7, jugular foramen menin-
gioma). Histopathological analysis revealed 11 out of 15 cases
(73.3 %) of WHO grade I tumors: 5 transitional, 4 fibrous, and
2 meningotheliomatous. Four (26.6 %) were grade II (all of
them atypical). Dura mater and adjacent cortex infiltration
were observed in two patients (cases 11 and 14, respectively).
There were no postoperative deaths or significant complica-
tions in this series.

Out of the five tumors (33.3 %) which recurred, three had
previously undergone Simpson’s grade I excision. Two of
them presented as radiation-induced meningiomas (cases 1
and 8), and one had NF2 (case 11) (Fig. 2). The other two
patients with recurrent lesions underwent a grade II excision
(cases 5 and 9). Four of the recurrent meningiomas were
reoperated on, and one patient (case 11) was treated with
radiosurgery for a small recurrence in the orbit.

The mean follow-up period was 5 years (range, 1—
12 years). At the time of last follow-up assessment, 12
patients had a good outcome (GOS=5) and 3 had a poor
outcome (GOS=3). Of the three patients with poor outcome,
two had previous RT for other lesions at a younger age
(cases 1 and 15) and one child with NF2 was severely
disabled due to the multiple intracranial lesions (case 4).

Radiation-induced meningioma

Six patients received high-dose (HD) RT (treatment was
>20 Gy) for various diseases. Patient demographics and
treatment options for the six radiation-induced meningiomas
are listed in Table 2. Patients’ age when the radiation-
induced meningiomas were diagnosed ranged from 13 to
18 years (mean, 16.1 years). The latency or induction period
ranged from 10 to 13 years (mean, 11 years).

Cytogenetic studies

Cytogenetic data were available for three patients. While case
9 showed a normal 46, XX karyotype, two radiation-induced
meningiomas showed complex aberrations. Case 9 showed a
composite karyotype with aberrations involving chromo-
somes 1, 6, and 12 (previously published by our group) [5].
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Fig. 1 Examples of scans of
pediatric meningiomas. a Axial
enhanced 7-weighted MR
showing a large frontoparietal
cystic meningioma in a 5-year-
old girl (case 9); b sagittal 7>-
weighted MR showing an
intradural D4-D5 meningioma
(arrow) displacing the spinal
cord in a 6-year-old boy with
NF2 (case 5); ¢ axial enhanced
T:-weighted MR showing an
intraventricular meningioma in
an 11-year-old girl (case 10);

d parasagittal enhanced 7-
weighted MR showing a jugular
foramen meningioma (arrow)
in a 12-year-old boy with NF2
(case 7)

Case 15, on the other hand, exhibited a clonal aberration
involving chromosomes 1 and 3, with a karyotype denoted
as 46, XX, t(1;3)(p22;q12), del(1)(p?)[8]/46, XX[12].

Discussion
Meningiomas are uncommon neoplasms in the pediatric age
group and differ in various clinical and biological aspects

from meningiomas in the adult population [4, 31]. It has
been reported that their frequency was <5 % of all pediatric

@ Springer

brain tumors [18]. In our series, the incidence of pediatric
meningiomas was 3 %.

Different from adults in whom meningiomas are twice
more common in women than in men, some previous stud-
ies showed no gender predilection in the pediatric group [3,
46]. However, the present series showed a male preponder-
ance of this tumor and similar results were documented by
other authors [11, 31]. This greater occurrence of meningi-
omas in males could be related to the absence of the effect of
sex hormones on steroid receptors in meningioma cells, for
children have lower hormonal serum levels [9, 31].
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Fig. 2 Case 8: follow-up MR
scans obtained in a patient with
a radiation-induced meningio-
ma that developed 11 years
after craniospinal RT for
medulloblastoma. a Axial
enhanced 7'-weighted MR scan
showing a large frontoparietal
parasagittal meningioma;

b post-resection status showing
no residual lesion (Simpson
grade I); ¢ follow-up axial
enhanced 7-weighted MR
scan 12 months post-surgery
showing recurrence of the
tumor (arrow)

Childhood meningiomas are characteristically known to
have nonspecific symptoms and diagnosis is often difficult.
Common clinical manifestations of pediatric meningiomas
include signs of increased intracranial pressure, focal neu-
rological deficits, seizures, and other signs based on their
location [32].

Kotecha et al. [22] published a meta-analysis and ob-
served that headaches, seizures, and vomiting were the most
common symptoms, occurring in 45.6, 32.9, and 29.7 % of
patients, respectively. In our series, headache was the most
common symptom (40 % of cases). Signs and symptoms
related to increased intracranial pressure were present in
only 20 % of our cases. The incidence of meningiomas
increases with age and a larger number of cases is reported
in the second decade of life compared to the first one [21].
Only 3 out of 15 children in our series were below the age of

10 years. The mean age at onset in our series was
12 months.

We conducted a literature review of 668 pediatric menin-
giomas (with an upper age limit of 20 years) published in
different series, ranging from 6 to 87 cases [1, 3, 4, 8, 9, 11,
13, 15,17, 18, 20, 27-30, 32, 35, 38-40, 44, 46, 47, 50, 51].
Table 3 summarizes the cases of pediatric meningioma.

Tumors were most commonly intracranial, making up to
89.8 % of the cases; the remaining cases were intraspinal in
5.8 %, intraorbital in 1.9 %, and located elsewhere in 2.3 %.
The cerebral convexity was the most frequent location,
followed by intraventricular, falcine and parasagittal, and
anterior and middle cranial fossa.

In the present series, the most common location was
parasagittal (40 %). We observed only one case with a tumor
in the dorsal spine. However, pediatric meningiomas are

@ Springer
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No

Yes?

It-temporal lobe

10

It-sphenoidal

cranial/30 Gy

8

Hypothalamic

17/F

No No

Falcotentorial

12

Falcotentorial

craniospinal/

glioma
ALL

17/F

43~46,XY,~1[241,-6[2],

No®

>30 Gy
Craniospinal/

rt-frontoparietal
parasagittal

11

rt-temporal base/

3

Medulloblastoma

14/M

—9[3],del(9)(a32)[2],
—12[20],-14[3],-22[3],

petrous apex

45 Gy

+marl[14],+mar2[10],

+mar[4], [cp25]°

No

No

rt-parietal

13

rt-parietal parasagittal/

multiple

cranial/34.5 Gy

LCH

18/M

13

parasagittal
rt-parietal

No

No

10

Dorsal spinal cord

(D4-D5)
rt-parietal

Craniospinal/

Medulloblastoma

18/M

14

parasagittal

rt-frontal

>50 Gy
Craniospinal/

46, XX, t(1;3)(p22;q12),

No

10

Medulloblastoma

13/F

15

del(1)(p?)[8)/46, XX[12]

parasagittal

>50 Gy

M male, F female, RT radiotherapy, /¢ left side, r¢ right side, ALL acute lymphoblastic leukemia, LCH Langerhans cell histiocytosis

#Massive recurrence of multiple meningioma

® Previously published by Brassesco et al. [5]

known to occur in uncommon sites like the skull base and
posterior fossa [11, 32, 36]. There is a greater incidence of
intraventricular meningiomas in children as reported in the
literature (11.3 % [6] vs. 0.5-2 % [26]). We observed an
intraventricular lesion and one skull base (jugular foramen)
meningioma.

Multifocal meningiomas at presentation occurred in three
patients (20 %). All the three patients had NF2. A meta-
analysis confirmed a significantly higher risk of multiple
meningiomas in patients with NF2 [22].

The pattern of histopathological variants seen in our
series differed significantly from previous data available in
the literature [8, 11, 28]. Childhood meningiomas are known
to have a high incidence of atypical histopathology, espe-
cially the clear cell and the papillary variants. We did not
have any clear cell or papillary variants even though four
patients (26.6 %) had atypical meningiomas. All of them
presented with associated factors: three cases of radiation-
induced meningiomas and one patient with NF2. Overall,
previous reports have showed a high incidence of atypical or
anaplastic histopathology [4, 14, 31, 32].

Perry et al. [36] noted a high frequency of brain invasion
in pediatric meningiomas and reported them to be pheno-
typically and genotypically aggressive when compared with
adults. In our series, two patients (13.3 %) presented with
dura mater and adjacent cortical invasion.

The association between NF2 and meningiomas is well
known, and they may share common mechanisms of path-
ogenesis. The possibility of NF2 should be kept in mind
when treating a child with a meningioma and approximately
25-40 % of children with meningiomas have NF2 mutations
[36, 40]. The large size of some pediatric meningiomas (as
mentioned in several series), especially those related to NF
lineages, suggests that tumor growth is rapid in children [3].

Loss of NF2 gene expression (which is located on 22q12)
occurs in almost all NF2-associated meningiomas and 40—
60 % of sporadic meningiomas [35]. In a review of the
literature, NF was present in 89 cases (13.3 %), and NF2
was the most common, occurring in 57 out of 89 patients
(64 %). Two large studies of pediatric meningiomas yielded
incidences of 41 and 45.4 %, respectively, for NF [11, 36],
with spinal and optic nerve sheath meningiomas being the
most common ones. Five children (33.3 %) in our series had
evidence of associated NF2. Patients with NF2 have a
significantly worse prognosis and a substantial change in
overall survival, compared with patients without neurofibro-
matosis [21]. Likewise, patients with NF2 are more prone to
develop multiple meningiomas. Since the risks of any treat-
ment need to be balanced with the natural history of the
disease, these tumors are often not aggressively resected.
Both these factors could account for the decline in overall
survival in NF2 patients after 10 years and worse prognosis
compared with patients without neurofibromatosis [21].
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The causal relationship between radiation and pediatric
meningioma is well established. The high sensitivity of the
arachnoid membranes to irradiation in children increases
vulnerability to oncogenic stimulation. lonizing radiation
causes mutations in the genome, either directly or indirectly
through the formation of free radicals [22].

Radiation-induced meningiomas typically present at an
earlier age, arise within the prior irradiation field, and are
more likely to be multifocal and exhibit higher degrees of
atypia and mitosis [16]. It has also been noted that radiation-
induced meningiomas differ from nonradiation-induced me-
ningiomas in several key aspects. They tend to behave more
aggressively, possess atypical histological features, and dis-
play more rapid growth and higher rates of multiplicity and
recurrence than meningiomas not induced by RT [2, 32, 48].

There is also some suggestion of a dose-related effect,
with higher levels of radiation exposure being associated
with shorter latency periods for development of meningio-
mas [19, 49]. Harrison et al. [19] classified radiation-
induced meningiomas into three groups based on the
amount of radiation administered, as follows: (1) low dose
(LD) (<10 Gy); (2) moderate dose (10-20 Gy); and (3) high
dose (>20 Gy).

However, it has been reported that meningiomas occur
more frequently after LD radiation. Al-Mefty et al. [2]
reported that the interval between radiotherapy and detec-
tion of the meningioma was inversely related to dose. The
difference in latency between tumors treated with HD and
LD RT indicates that the more severe chromosome injury
caused by higher radiation doses elicits more rapid loss of
cellular control mechanisms and earlier expression of the
neoplastic phenotype [4, 41]. Less than 100 radiation-
induced meningioma cases in pediatric patients have been
reported in the medical literature since 1953 [4, 37]. Six
patients (40 %) in our series received HD RT and developed
meningiomas at a later stage. The mean latency or induction
period was 11 years.

It is widely accepted that tumor progression results from
chromosome instability and genetic variability within the
tumor cell population, which allows for clonal expansion
of more aggressive tumor phenotypes [34]. Primary cytoge-
netic changes in pediatric meningiomas are similar to those
found in the adult counterparts, with loss of chromosome 22
(in patients with NF2), followed by loss of 1p, being the
most frequent changes [42]. Also partial or complete loss of
the short arm of chromosome 1 seems to be strictly corre-
lated with the grading of meningiomas [33]. Interestingly,
both radiation-induced tumors analyzed by our group
showed aberrations in the short arm of chromosome 1.
Although radiation-induced meningiomas often have com-
plex structural and numerical chromosomal abnormalities
consistent with DNA damage induced by irradiation [25],
it has been suggested that the loss of 1p as a consequence of
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irradiation may be more important in the development of
meningiomas than other chromosomal lesions [42]. More-
over, the data showed herein demonstrate a positive corre-
lation between chromosome instability and proliferation, as
proved by the increased Ki-67 index observed in both cases
with high chromosome instability (case 8 with 20 % and
case 15 with 5-10 %).

The goal of treatment for meningiomas is total resection
with wide dural clearance and re-excision should be consid-
ered in the event of initial subtotal resection. Resection of the
dural origin/attachment is recommended, since there is a higher
recurrence risk if the dural attachment is left behind [22, 40].

The surgical treatment of these tumors in children poses a
major challenge in neurosurgical practice. The difficult lo-
cation of these tumors, larger size at presentation, relatively
less blood volume in children, and the risks of lengthy
operations such as hypothermia and massive blood transfu-
sion all contribute to problems in surgical management [32].

Benign meningiomas are associated with high cure rates,
provided that the entirety of the tumor is excised. However,
there is always a considerable risk of recurrence even after
gross total resection with excision of the surrounding dura
and involved bone is achieved, suggesting that biological
heterogeneity exists among benign lesions [1, 14]. In the
present series, gross total resection (Sympson’s grade I) was
achieved in 12 patients (80 %).

Due to the lack of evidence in children and adults, guide-
lines for radiotherapy are limited and use varies significantly
between institutions. In children, the use of radiotherapy must
be balanced with the risk of significant late sequelae. This is
particularly important in infants and young children whose
CNS is more vulnerable to the effects of radiotherapy [37, 49].

The clinical evolution of meningiomas in children is not
reliably predictable and remains an issue. In the medical
literature, recurrence was observed in 20.3 %, ranging in
different series from 0 to 40.9 %. In our series, recurrence
occurred in five patients (33.3 %). Four of them had asso-
ciated factors.

The prognosis of pediatric meningiomas has improved
over the years following advances in surgical techniques
and supportive care [22]. The largest case series of 87
pediatric meningiomas reported a mortality rate of 10.6 %
and a recurrence rate of 19.4 % [40]. There are 81 deaths
reported in the literature (12.1 %), ranging from 0 to 50 %.
Our patients had a more favorable outcome, and during the
mean follow-up period of 5 years, there were no deaths and
the majority of patients (80 %) had a good outcome.

Conclusions

Intracranial meningiomas are uncommon in the pediatric
population. They have a male predominance and show
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higher rates of atypical features when compared with adult
meningiomas. Total resection is associated with a better
prognosis and should always be attempted. RT should be
reserved to selected cases.

Location, associated factors (RT/NF2), and extent of

excision appear to be more important than histology in
predicting outcome. Further studies are required to establish
the role of proliferative indexes and biological markers in
pediatric meningiomas.
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