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Abstract
Background: The information about paediatric meningiomas is poor. The purpose of this study was to review the
clinical characteristic, treatment considerations and prognosis of paediatric meningiomas.
Methods: We retrospectively reviewed a series of 32 paediatric patients with meningiomas who received surgical
resection at the Affiliated Hospital of Qingdao University between January 2002 and December 2010.
Results: The study group included 17 boys and 15 girls (range: 2–18 years, mean: 13.7 years). Thirteen patients were in
the first decade of life and 19 patients were in the second decade. The most common symptoms were headache (33.
3%) and epilepsy (25%), followed by cranial nerve dysfunction: distortion of commissure, vision disorder, acoasma and
unconsciousness. The size of lesions was ranged 35–65 mm (mean 42.3 mm). Of these 32 patients, 16 were revealed
WHO class I meningiomas, 5 were WHO class II, and 11 manifested WHO class III. Nine of 32 patients met the criteria
that had tumor recurrence within follow-up.
Conclusions: Paediatric meningiomas usually have larger size, higher pathologic grade and unusual location. The
influential factors for recurrence include lesion location, histological features and extent of removal. Complete tumor
resection is the best choice to prevent recurrence and improve the prognosis.
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Background
Meningioma is one of the most common intracranial
tumors in adulthood, constituting 20–30% of all intracranial neoplasm [1, 2]. The paediatric meningiomas are
relatively uncommon. Meningiomas compose no more
than 3% of all childhood primary intracranial tumors
[2–5]. Previous literatures reported that paediatric meningiomas have different clinical features and prognosis
compared with those of adult [6]. The information about
paediatric meningiomas is poor, only several studies have
attempted to analyze the characteristics of childhood
meningiomas.
The aim of this clinical retrospective study was to
review the characteristics, therapy considerations and
outcomes of paediatric meningiomas in our center and
other previous published data are reviewed.
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Methods
A total of 32 paediatric patients (age under 18 years)
with intracranial meningiomas underwent surgical therapy in the department of Neurosurgery, the Affiliated
Hospital of Qingdao University from January 2002 to
December 2010. The diagnosis was based on imageology, intra-operative findings and pathological. The
clinical data were retrieved from the hospital information system. We recorded the age, sex, complaint, diagnosis, neoplasm location and size, surgical management
and prognosis of all patients. All patients were evaluated
with head computer tomography (CT) and/or magnetic
resonance imaging (MRI) before and after operation.
The radiological characteristics were analyzed. The
extent of tumor resection was determined by reviewing
operation record and postoperative radiological findings.
All of the specimens obtained in the operation were histological verified and classified according to the World
Health Organization classification 2000. The routine
follow-up were scheduled at 1-, 6-, and 12-month, and
thereafter annually after operation through telephone with
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the patients or their family members. The duration of
follow-up was 6 months to 8 years (median 4 years).

Results
Of the 32 patients reported here, 17 were boys and 15
girls. The male-to-female ratio was 1.13:1. Age ranges
from 2 to 18 years, with a mean age of 13.7 years.
Thirteen patients were in the first decade of life and 19
patients were in the second decade. Twenty-eight patients were under 16-year-old and 14 were girls.
The most common symptoms were headache (33.3%)
and epilepsy (25%), followed by cranial nerve dysfunction: distortion of commissure (16.7%), vision disorder
(8.3%), acoasma (8.3%) and unconsciousness (8.3%). Two
patients had cranial nerve dysfunction. Both of them
were VII nerve affected, with the sign of commissure
distortion. No motor deficit had been found in our
series. The duration of clinical history ranged from 1 day
to 10 years, mean 18.6 months. No child underwent
chemo/radiotherapy before craniotomy.
Fifteen of 32 cases were convexity meningiomas, 5 cases
were skull base meningiomas, 10 cases were intraventricular, and 2 cases were infratentorial lesions. Three children
had evidence of neurofibromatosis type 2 (NF-2) (Fig. 1.).
The size of lesion was ranged 35–65 mm (mean 42.3 mm)
in their maximum diameter. The size of 15 patients’ lesions was bigger than 5 cm in our series, and the biggest
one located in intraventricular was 7.2 cm. The mean
diameter size was 5.4 cm. Signal intensities on T1 and T2
weighted images of the lesions were variable, similar to
adults. Dural attachment absent was found in 14 patients,
and only one patients showed calcification signs on CT
scanning. A low incidence of cystic formation in our
series, only one cystic tumor had been found.
All 32 patients received surgical treatment. Microsurgical
techniques were used routinely for all cases. The lesion was
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totally removed in 19 children, and sub-totally in 13 patients whose lesion located in the cerebral ventricle. If the
tumor involved the skull bone and dura, the involved skull
bone and dura was removed as much as possible. The big
bone defect was repaired with normal bone. The normal
bone was acquired from rib or ilium. The skull defect was
repaired if the defect was bigger than 3 cm in diameter. The
dural defect was repaired with fascia lata graft or artificial
dural graft. All the specimens were sent to the pathology
department for histological analysis. According to the histological analysis, 16 patients had grade I/benign type, 5 patients had grade II/atypical type, and 11 patients had grade
III/anaplastic variant. The severe complication following
operation was unfound. No perioperative deaths, vascular
injuries, or complications lead to new neurological deficits
in this series. There was no childhood patient underwent
the routine chemo/radiotherapy after craniotomy.
Nine of 32 patients (28.13%) met a recurrence within
follow-up. The recurrence information was studied in
comparison with operational resection and histopathology. Out of 19 children who underwent gross total removed, recurrence was found in 4 children (21.05%).
Five of the 13 patients who underwent subtotal removed
had recurrence (38.46%). In 16 cases of benign type tumors, recurrence was seen in 4 patients (57.1%). In 11
cases of anaplastic variant tumors, recurrence was seen
in 5 patients (45.45%). Once again surgical treatment
was performed for 8 cases. The histological progression
was observed in 6 cases (75%). A 17 years old boy with
anaplastic variant tumor rejected surgical treatment
again, underwent focal radiotherapy and died after
9 months because of cerebral hernia.

Discussion
Meningiomas are usually slowly growing benign tumors
originating from arachnoidal cap cells of the meninges

Fig. 1 a Axial T2-weighted MR showing a large Right frontal lobe meningioma in a 15-year-old girl with NF2. b, c Multiple nodosity NF2 was
found in the cerebellopontine angle and cerebral falx (arrow)
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[7]. They constitute 20–30% of all intracranial neoplasms
in adulthood. These patients are most commonly in
middle-aged and gerontal. Paediatric meningiomas are
relatively rare. They account for less than 3% of all primary intracranial neoplasms in childhood. In our series,
they range in age from 2 to 18 years, with a mean age of
13.7 years, similar with previous studies [2, 8–10]. The
male-to-female ratio is 1:2 for adulthood meningiomas,
with female predominance. Males were predominance in
paediatric meningiomas with the ratio is about 2–3:1
[11, 12]. Of our 32 cases, the ratio was 1.13:1, slight male
predilection. While the reason is not clear, the sex hormones may play a role [3, 4, 13]. This suggests that the
pathogenesis might be different between adulthood and
childhood.
Although there is no confirmed evidence for the pathogenesis of primary paediatric meningiomas, many risk factors may be relational, such as ionizing radiation and
association with neurofibromatosis. Approximately 10% of
paediatric meningiomas were associated with neurofibromatosis [14]. There is a clear association between
paediatric meningiomas and neurofibromatosis type 2
(NF-2) [15–17]. Rushing EJ et al. reported that about 72%
paediatric patients with meningioma had NF-2 gene deletion, the NF2 gene deletion is not somatic deletion, only
in tumor tissues [18, 19]. This phenomenon suggests that
these two kinds’ neoplasm may be sharing the similar
pathogenesis. Cranial ionizing radiation is one of the
risk factors for meningiomas. The arachnoidal tissue in
the meninges of children has higher radioactive susceptive, but radiation-induced meningiomas rarely manifest in childhood [18]. We didn’t find any radiationinduced signs in our series.
Meningiomas in childhood may develop anywhere in
the cranium. They are usually observed in exceptional
locations, such as: infratentorial, intraventricular, or skull
base [10, 20]. Convexity of brain also is the most frequent location for paediatric meningiomas as adulthood.
Intraventricular meningiomas are common in childhood,
and most of them in the lateral cerebral ventricle.
Arachnoid cells inclusions in the choroid plexus and
velum interpositum may play a role [21]. The size of
meningiomas is frequently larger in childhood than in
adulthood [16]. More than 45% of the paediatric meningiomas are bigger than 5 cm in diameter 11. The mean
diameter size of lesion was 5.4 cm in these 32 cases. The
strong compensation ability of the cavitas cranii and the
acataphasia of children may be the major reasons. Dural
attachment or a dural tail sign on neuroimaging is usually absent, but cystic and calcified are not rare [9, 22].
Cysts were reported in 24% paediatric meningiomas
compared with 2–7% in adulthood [14, 20]. Dural attachment absence may be due to that the tumor genesis
from leptomeningeal elements lodging within the brain
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parenchyma or the ventricles. MRI characteristics of
paediatric meningiomas are similar to adulthood. On
MRI, the tumors are usually isointense to hypointense
on T1-weighted imaging, isointense to hypointense on
T2-weighted imaging and exhibit good contrast enhancement [8]. Heterogeneous enhancement was seen in
malignant meningiomas.
The symptoms of paediatric meningiomas are nonspecific, variably according to its location and size. Headache
is the most common symptom of paediatric meningiomas
[9], and epilepsy is another common symptom. Previous
literatures reported that the incidence of epilepsy was
about 25–35%, and most related to the supratentorial
cases [11, 13]. It is no noticeable physical characteristics
to discriminate meningiomas from other diseases which
could increase the intracranial pressure. Chronic increased
intracranial pressure can also induce increased head
circumference and late fontanel closure in younger children [13]. Cranial nerve dysfunction was caused by local
compression and increased intracranial pressure, usually
involving the II, III, IV, VI, VII and VIII nerves [11].
Surgical operation is the fundamental treatment for
intracranial meningiomas. Complete tumor resection is
the best choice to prevent recurrence and improve the
prognoses. Surgical resection in paediatric meningiomas is
a neurosurgical challenge considering their difficulty of
early diagnosis, larger size at presentation, relatively less
blood volume in children, occurrence of unusual location,
tight adherence to vital vessels and nerves, and the various
risks due to prolonged surgery like hypothermia, massive
blood transfusion, etc. [11, 21]. Microsurgical techniques
should be performed for each childhood tumor. The
lesion and dural origin/attachment should be removed
totally because the higher recurrence risk. Control of
hemorrhage intraoperative and especial intensive care
postoperative is necessary.
The WHO classification divides meningiomas into three
grades: grade I, benign; grade II, atypical; and grade III, anaplastic/malignant [2, 15]. The histology of the meningiomas is different between childhood and adulthood. The
ratio of malignant in paediatric meningiomas is 7–16%,
significantly higher than in adulthood [11, 20, 23]. The
influential factors for recurrence include location of the
lesion, histological features and extent of surgical removal.
From previous studies, the prognosis of paediatric meningiomas was worse than that of adults. A conservative
therapy is unacceptable in children patients. The brain development had been impacted notwithstanding asymptomatic present. Meningiomas in children could grow
vary large with asymptomatic. It usually too late to perfect
operation until symptomatic appear. Adjuvant postoperative focal or systematic radiotherapy still remains controversial for younger patients. Uncertainty in prognosis,
little evidence to support and the potential adverse long-
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term affect on brain function were the major reasons
[8, 11, 14, 20]. Ionizing radiation also is one of the
important reasons for childhood neoplasm pathogenesis
[18]. Those patients should consider receive radiotherapy
if their tumors were malignant or recurrent and couldn’t
be removed completely. Only one child underwent recurrence and anaplastic variant meningioma received radiotherapy, but died after 9 months because of cerebral
hernia. Chemotherapy was not considered in the treatment of meningiomas.

Conclusions
The paediatric meningiomas are relatively uncommon and
are slight predominantly in males. These meningiomas are
rare in the first decade of life. They usually have larger
size, higher pathologic grade and unusual location compared with adult meningiomas. The symptoms of paediatric meningiomas are nonspecific, variably according to its
location and size. The influential factors of recurrence
include location of the lesion, histological features and
extent of surgical removal. Complete tumor resection is
the best choice to prevent recurrence and improve the
prognoses.
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