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Abstract

Purpose Lateral ventricle meningiomas (LVM) in children are very rare. The current research is mostly limited to adults, and
there are very few related studies on children. The purpose of this study was to analyze the clinicopathological and imaging
features of lateral ventricle meningiomas in children.

Methods A retrospective analysis of five children with pathologically confirmed lateral ventricle meningioma was per-
formed, and we collected clinical data, including clinicopathological data, treatment prognosis data, and imaging features
(including tumor location, signal intensity, enhancement degree, intratumoral cyst, calcification, peritumoral edema, and
associated hydrocephalus).

Results Among the 5 patients with LVM, 4 were male and 1 was female with an average age of 7.6 years (range 2 to 12 years).
All CT scans showed slight hyperintensity or isodensity, and only 1 patient had calcification. Two patients demonstrated cyst
changes. Four patients had varying degrees of peritumoral edema. The average tumor volume was 164.1 cm® (1.4-314.9
cm®). All 5 patients with LVM were iso- or hypointense on T1WI. The T2WI signals had no obvious features. Four patients
had a high signal on DWI (80%). The contrast-enhanced signals were mostly homogeneously strong (80%). MRI showed
hydrocephalus in 3 patients. All patients underwent gross total resection, and they were followed up regularly after the
operation. The average follow-up time was 47.4 months. No recurrence was found in any of the children. All patients were
pathologically confirmed to have meningiomas, and WHO grades were all grade 1.

Conclusion Lateral ventricle meningiomas in children are very rare, and the imaging manifestations of the tumor have certain
characteristics, but the clinical diagnosis is still difficult, and the diagnosis still requires pathological analysis.
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Introduction

Meningiomas in children are very rare, accounting for
approximately 0.4 ~4.6% of intracranial tumors in children
[1]. Intraventricular meningiomas are most often seen in
the lateral ventricles. Lateral ventricle meningioma (LVM)
originates from arachnoid cells contained within the choroid
plexus, which is rarer in children than in adults [2]. Men-
ingiomas in the lateral ventricle are mostly benign, grow
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slowly, and generally have no clinical symptoms in the early
stage due to the large space in the trigone area of the lateral
ventricle. When the tumor grows to a certain extent, local
compression of brain tissue or obstructive hydrocephalus
occurs, and symptoms of increased intracranial pressure
or focal neurological impairment occur. Lateral ventricle
meningiomas are often associated with large tumor sizes,
MRI diagnosis is very difficult, and the preoperative mis-
diagnosis rate is very high. At present, the related research
on LVM is mostly limited to adults, and there are very few
related studies in children, with only a few patient reports.
To further summarize the clinical features of LVM in chil-
dren, this study retrospectively analyzed the relevant clini-
cal data, especially imaging and pathological features, of
pediatric patients with lateral ventricular meningiomas in
our institution.
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Methods

Five patients with pathologically confirmed lateral ventricle
meningioma who were admitted to the Department of Pedi-
atric Neurosurgery, Xinhua Hospital Affiliated to Shanghai
Jiao Tong University School of Medicine, between Decem-
ber 2013 and February 2022, were retrospectively analyzed.
We collected clinical data of patients from hospital informa-
tion systems, including medical history, imaging examina-
tions, pathological examination data, and prognostic data. All
patients underwent head CT examination and SIEMNES-MRI
(3.0 T) examination before the operation, and axial spin-echo
T1-weighted (T1W) images, axial fast spin-echo T2-weighted
(T2W) images, diffusion-weighted images (DWI) in the axial
plane, and axial or coronal T2W fluid attenuated inversion
recovery sequence (T2FLAIR) images were acquired. Imag-
ing features were collected, including tumor location, contour,
signal intensity relative to gray matter, degree of enhancement,
intratumoral cysts and necrosis, tumor calcification, tumor
borders, peritumoral edema, and associated hydrocephalus.
All images were reviewed and agreed upon by two neuroradi-
ologists with more than 10 years of experience. According to
postoperative magnetic resonance imaging (MRI) and surgical
records, the resection range was defined as gross total resec-
tion (GTR) and subtotal resection (STR). GTR was defined
as the removal of 95% of tumors by surgery, and STR was
defined as resection of 75% of tumors. All patients underwent
histopathological examination after surgery, and histological
diagnosis was made based on the unique histological morphol-
ogy of meningiomas. Specimens were subjected to immuno-
histochemical studies to confirm histogenesis and tumor grade.
This study was approved by the Institutional Review Board of
Xinhua Hospital Affiliated to Shanghai Jiao Tong University
School of Medicine, and informed consent was obtained from
the patients’ parents or guardians.

Results

The general clinical data of the patients are presented in
Table 1. Among the 5 patients with LVM, there were 4 males
and 1 female, with a male-to-female ratio of 4:1. The mean
age was 7.6 years (range 2 to 12 years). The clinical symp-
toms were noted as follows: 1 patient with strabismus, 1
patient with unsteady walking, 2 patients with dizziness,
and the other patient was first diagnosed because of a mass
in the right temporal head.

All surgical procedures were carried out by a senior phy-
sician (Doctor Ma Jie), the transcortical approaches were
applied in this study with the help of neuronavigation and
intraoperative electrophysiological monitoring, and all
surgical procedures were performed by classical standard
methods. Two patients underwent digital subtraction angi-
ography (DSA) to characterize the tumor blood supply
before tumor resection (1 patient underwent embolization).
All 5 patients underwent total resection (GTR rate 100%).
Regular follow-up was conducted after the operation was
performed. The average follow-up time was 47.4 months
(range 3—100 months), and none of the children received
radiotherapy or chemotherapy after the operation. Symptoms
improved in the patients who presented with hydrocephalus,
and all patients had no significant neurological impairments
during follow-up. To date, none of the children had recur-
rence, death, or neurological damage complications (the
results of pre- and postoperative examinations of patient 4
are shown in Fig. 1).

All patients were pathologically confirmed to have men-
ingiomas with WHO grade I, including 1 patient with fibrous
meningioma, 1 patient with transitional meningioma, 1
patient with meningothelial, and the other 2 patients had
unknown findings. The Ki67 index of all patients was <5%,
with a mean of 2.8% (range 1 to 5%). Both OLIG2 and

Table 1 Baseline characteristics in five patients with lateral ventricular meningioma

Variable Patient no.

1 2 3 4 5
Sex Female Male Male Male Male
Age at diagnosis, years 2 11 6 7 12
Symptoms Strabismus No symptoms Walking unsteadily Dizziness Dizziness
Size (cm) 1.2%1.1%2.1 9.5%8.5%7.8 8.3%¥7.2%9.7 7.5%6.2%6.2 6.1%4.9%4.9
Preoperation DSA No No Yes Yes No
Extent of resection GTR GTR GTR GTR GTR
Pathological diagnosis Fibrous WHO I Transitional WHO I N/A WHO 1 Meningothelial WHO I N/A WHO I
Follow-up, months 100 78 51 5 3
Recurrence No No No No No
Prognosis Well Well Well Well Well

DSA digital subtraction angiography, GTR gross total resection, STR subtotal resection, N/A not available
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Fig.1 MR images of a 7-year-old boy with meningioma in the left
lateral ventricle (case 4) a Preoperative, noncontrast CT show-
ing a large hyperdense pathological mass with peritumoral edema
and hydrocephalus in the left ventricular trigone (arrow). b Axial
T1 FLAIR image shows a slightly low signal. ¢ Gd-enhanced T1W
images show a heterogeneous strong signal. d, e, f Postoperative CT
and MRI examination show no obvious residual tumor after surgery

Fig.2 Microphotographs of histological specimens (case 5). a H&E
stain, X 20, and b H&E stain, x40, showing spindle-shaped and oval
neoplastic cells arranged in swirls and nests, without necrosis and
mitoses, were rare

GFAP tests were negative. EMA was positive or focally
positive. Only 1 of 4 patients (one patient was not evalu-
ated) had positive S100 expression. PR: 4 patients were
positive (one patient was not evaluated). SYN: 3 patients

were negative (two patients were not evaluated). VIM: Two
of 3 patients were positive (two patients were not evalu-
ated). NeuN: Four patients were negative (one patient was
not evaluated). SSTR2: Three patients were positive (two
patients were not evaluated). CD34: 3 of 5 patients were
positive. It can be seen from the above results that the posi-
tive rates of EMA, PR, SSTR2, and CD34 are relatively high
(the photomicrograph of case 5 is shown in Fig. 2, and the
immunohistochemical results are shown in Table 2).

Analysis of imaging features

The imaging characteristics of all patients in this study are
shown in Table 3. In general, all 5 patients with LVM had
tumors located in the lateral ventricle (3 patients had tumors
on the left side, and 2 patients had tumors on the right side),
with clear borders (round or relatively round). Two patients
showed cysts and necrotic changes, including 1 patient with
large cysts and 1 patient with multiple small cyst changes.
Four children (80%) had varying degrees of peritumoural
edema. Three patients presented with hydrocephalus under-
went fundoscopy examinations (one of them showed optic
disc protrusion), and none of them underwent shunt surgery
before the operation. All patients had no visual field deficits
in pre- and post-operation. According to the tumor volume
calculated by MRI, the average tumor volume was 164.1 cm®
(1.4-314.9 cm?). On T1WI, there were 2 patients with isoin-
tense signals, 2 patients with slightly hypointense signals,
and 1 patient with hypointense signals. All 5 patients with
LVM in this study had isointense or hypointense regions
on T1WI. Hypointense T2WI signals were observed in 1
patient, isointense signals were found in 1 patient, slightly
hypointense signals were noted in 1 patient, and slightly
hyperintense signals were observed in 2 patients. The T2WI
signal of 5 patients with LVM had no obvious characteris-
tics. All patients were scanned by DWI sequence; 4 patients
(80%) had a hyperintense signal, and 1 patient had a slightly
hypointense signal. Enhanced scanning was performed
after injection of contrast agent (Gd-DTPA, 0.2 mmol/
kg), of which 1 patient was homogeneously strong, and 4

Table 2 Summary of immunohistochemical outcomes in 5 pediatric patients with LVM

Patient no. Pathological type Ki-67 GFAP EMA OLIG2 S100 PR SYN VIM NeuN SSTR2 CD34

1 Fibrous (G1) 2% Neg Focal+ Neg Neg Focal+ ND ND ND ND +

2 Transitional (G1) 3% Neg + Neg Focal+ ND Neg + Neg ND Neg

3 N/A (G1) 5% Neg + Neg Neg + Neg Neg Neg + Focal +
4 Meningothelial (G1) 1% Neg Focal+  Neg Neg Focal+ Neg + Neg + Neg

5 N/A (G1) 3% Neg + Neg ND Focal+ ND ND Neg + +

GFAP glial fibrillary acidic protein, EMA epithelial membrane antigen, OLIG2 oligodendrocyte lineage transcription factor 2, PR proges-
terone receptor, SYN synuclein, VIM vimentin, NeuN neuronal nuclear antigen, SSTR2 somatostatin receptor 2 N/A not available, G WHO

grade, Neg negative, ND not done
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Table 3 Imaging findings of five patients with lateral ventricular meningioma

MR

CT
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edema
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Fig.3 CT and MRI findings of 4 children with lateral ventricular
meningioma

patients (80%) demonstrated high heterogeneity. From the
above data, it can be seen that pediatric LVM in this study
was mainly evident an isointense or hypointense signal on
T1WI, and there was no obvious feature of the T2WI sig-
nal. CT scans showed that 3 patients showed slightly high-
density shadows, 2 patients had isodense regions, and only
1 patient showed calcification (the CT and MRI images of
4 patients with lateral ventricle meningioma are shown in
Fig. 3). Combined with CT and MRI findings that led to a
comprehensive diagnosis, no meningioma was diagnosed in
any tumors, 2 patients were initially diagnosed as choroid
plexus tumors, and 3 patients were initially diagnosed as
having ependymoma. The preoperative diagnosis of lateral
ventricle meningioma in this study was misdiagnosed. This
study additionally reviewed case reports of children with lat-
eral ventricle meningiomas in the past 10 years. The relevant
data are shown in Table 4.

The top rows of images are CT images, and the bottom
rows of images are Gd-enhanced T1W images.

Discussion

Meningiomas account for approximately 30% of all primary
brain tumors, are the largest subgroup of intracranial tumors,
are most common in middle-aged individuals, and are
extremely rare in childhood [18]. Unlike adult meningiomas,
which mostly occur in women, meningiomas in children are
more common in men [19]. The ratio of males to females in
this group was 4:1, which is consistent with reports in the lit-
erature. The reason may be attributed to the role of estrogen
in the tumorigenesis of meningiomas [20]. In children with
meningioma, the effect of estrogen is not evident. Unlike
adult meningiomas, which often manifest on the convexity
of the brain or parasagittal, childhood and juvenile menin-
giomas often manifest in areas such as the intraventricular
and anterior/middle fossae [21]. Intraventricular meningi-
omas are tumors derived from the choroid plexus tissue in
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Table 4 Summary of previously reported case series of pediatric lateral ventricular meningioma
Author Year Country Age Sex Location Extent of resection Histological subtype Rec Death
F M
Rai et al. [3] 2022 India 16 years 1 0 Lof LV GTR Atypical (G2) 1 0
Kumar et al. [4] 2022 Australia 4 month N/A N/A Lof LV GTR Atypical (G2) 0 0
Shah et al. [5] 2020 India 15 years 0 1 Rof LV GTR Fibroblastic (G1) 0 0
Lof LV
TV
Mizrahi et al. [6] 2019 ISR 13 years 1 0 Rof LV GTR Transitional (G1) 0 0
Hong et al. [7] 2019 Japan 14 years 1 0 Lof LV Simpson grade I Metaplastic (G1) 1 0
Lietal. [8] 2018 China *12.6 years 12 18 LV Simpson grade I(26)  Meningothelial (5, G1) 3 1
Simpson grade IV(4)  Transitional (10, G1)
Fibrous (13, G1)
Atypical (1, G2)
Anaplastic (1, G3)
Munjal et al. [9] 2016 India 7 years 1 0 Lof LV GTR N/A (G1) 0 0
Dash et al. [10] 2016 India *14.6 years 2 4 Rof LV(2) GTR Fibrous (2, G1) 0 0
L of LV(3) Transitional (4, G1)
V(1)
Prodromou et al. [11] 2016 Greece 14 years 0 1 Rof LV GTR Atypical (G2) 0 0
Wang et al. [12] 2013 China 16.8 years 0 1 Rof LV GTR N/A 0 0
Moiyadi and Shetty [13] 2012 India 3 years 1 0 Rof LV GTR Transitional (G1) 0 0
Okechi and Albright [14] 2012 Kenya 7 years 1 0 Lof LV GTR Transitional (G1) 0 0
Chohan [15] 2011 USA 16 month 1 0 Lof LV GTR Atypical (G2) 0 0
Cleary and Curtin [16] 2010 Ireland 11 years 1 0 Rof LV N/A Atypical (G2) 0 0
Nayar et al. [17] 2010 USA 14 years 1 0 Lof LV GTR N/A (G1) 0 0

F female, M male, Rec recurrence, L of LV left of lateral ventricular, R of LV right of lateral ventricular, GTR gross total resection, G WHO

grade, N/A not available

the ventricle. They are rare in intracranial tumors and have
a low incidence, accounting for approximately 0.5 to 5% of
all intracranial meningiomas [22]. Among intraventricular
meningiomas, lateral ventricle meningiomas are the most
common, accounting for approximately 80% of the inci-
dence of intraventricular meningiomas [23]. Lateral ven-
tricle meningiomas are more common in children than in
adults [8]. Lateral ventricle meningiomas grow from choroid
plexus tissue, which, together with the dura mater, origi-
nates from the embryonic ectoderm. Lateral ventricle men-
ingiomas are mostly benign and grow slowly. In addition,
the lateral ventricle is located in the deep part of the brain
that has a certain amount of space, so the lateral ventricle
meningioma can grow to a large size. Most of its clinical
manifestations are atypical, and most of them do not elicit
specific symptoms and signs. In addition, children’s lack of
a clear description of the disease and the lack of coopera-
tion in physical examination make the diagnosis difficult.
The most common symptom is increased intracranial pres-
sure, manifesting as headache, vomiting, and papilledema,
which is related to the slow growth and large size of the
tumor. Another factor is that the tumor occurs in the ventri-
cle, which can easily lead to the obstruction of cerebrospinal

fluid circulation and cause elevated intracranial pressure.
When the tumor compresses the internal capsule, the patient
may have contralateral hemiplegia, sensory disturbance of
the contralateral limb, and even contralateral hemianopia.
Memory impairment, neuropsychological impairment, and
personality changes are rare.

Because of the abundant choroid plexus tissue in the trig-
one area of the lateral ventricle, meningiomas of the lateral
ventricle are slightly more likely to occur in the trigone area
on the left side than on the right side [24]. The diagnosis
of lateral ventricle meningioma mainly relies on imaging
examinations, including head CT and MRI, and angiogra-
phy is also valuable for diagnosis. Among them, contrast-
enhanced brain MRI has the greatest diagnostic value, as it
can accurately display the tumor texture, location whether
it is associated with hydrocephalus, and other information.
In this study, all 5 patients underwent head CT examination
to determine the location of the tumor. To obtain precise
information about the tumor, they all underwent MRI exami-
nation. On MRI T1WI, tumors all showed isointense or
hypointense signals, with relatively clear borders (round or
quasi-round). Most of them showed hyperintense signals on
T2WI (80%), and 4 patients (80%) had peritumoural edema,
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which showed obvious hyperintense signals on T2WI around
the tumor, and all the tumors were obviously enhanced on
contrast-enhanced scans. Digital subtraction angiography
can provide doctors with information about the blood sup-
ply inside the meningioma (it can show dilation, tortuosity,
and position changes of the anterior choroidal artery). In this
study, 2 patients underwent preoperative DSA examination.
Pediatric meningiomas have different imaging and histologi-
cal features from adult meningiomas; however, there have
been no systematic imaging studies of patients with LVM
in the past, with only a few case reports. Meningiomas in
children are more prone to necrosis and cystic changes than
those in adults [25]. This study found that 40% of menin-
giomas in the lateral ventricle had cystic changes. Tumors
often cause enlargement of the temporal angle of the lateral
ventricle and localized calcification of the choroid plexus.
Proton magnetic resonance spectroscopy (MRS) is unable to
discriminate low- and high-grade meningiomas. The litera-
ture reports that patients with meningiomas have a high Cho
signal (long TE). There were very low signals of Naa and Cr
in the spectra of meningioma patients [26]. Mild to moder-
ate edema was common in the peripheral brain parenchyma,
and 4/5 of the patients in this group had peritumoral edema.
Analyses of previous studies have shown that sex, tumor
size, and peritumoral edema are predictors of high-grade
LVM in univariate analysis [27]. Meningioma in the trigone
area of the lateral ventricle is closely related to the choroid
plexus [28], which is one of the important features, similar
to the dural tail sign, or can be called the “choroid plexus tail
sign.” In this study, we did not find a significant relationship
between MRI signal and WHO grade, probably because the
sample size was too small. It has been suggested that the use
of imaging features of meningiomas to determine the grade
of LVM is inaccurate.

LVM is easily misdiagnosed, and the diagnosis is mainly
based on MRI findings. Therefore, pathological examination
remains the gold standard for the diagnosis of LVM. Chil-
dren’s meningiomas have different molecular pathological fea-
tures compared with adults. Meningiomas are more likely to
be malignant in children than in adults [29], but in this study,
all 5 meningiomas in the lateral ventricle were benign (WHO
grade I). A review of published data in the past 10 years found
that 14.3% of children with lateral ventricle meningiomas were
pathologically grade II or higher. Commonly used immunohis-
tochemical indicators for the diagnosis of meningeal tumors
include S100, D2-40, Nestin, claudin-1, CK, EMA, CEA,
Vimentin, and Ki-67 [30]. Meningeal-derived tumors are
characterized by coexpression of EMA, CK, and S100. Other
markers, such as D2-40, are mainly used for the diagnosis of
aggressive tumor types, such as atypical meningioma and ana-
plastic meningioma [31]. The evaluation of the Ki-67 prolif-
erative index is critical for the determination of tumor grade.
CEA expression is characteristic of pseudopsammoma bodies
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in secretory meningiomas. This study found that the positive
rates of EMA, PR, SSTR2, and CD34 were higher in children
with lateral ventricle meningiomas. Progesterone receptor (PR)
expression was found in approximately 40% of meningiomas
and was found to be associated with the patient’s prognosis.
Moreover, studies found that PR expression was significantly
correlated with recurrence, so it was suggested that PR indica-
tors should be included in the routine pathological diagnosis
of meningiomas [32]. SSTR is common in neuroendocrine
tumors, and SSTR2 has developed into an important marker
of central nervous system tumors; studies have shown that it
is also present in most meningiomas [33]. As a class of highly
glycosylated type I transmembrane glycoproteins, CD34 plays
arole in cell adhesion and cell signal transduction. CD34 can
be expressed in meningioma tissue and can be used to evaluate
the prognosis of patients [34]. The continuous proliferation,
invasion, and metastasis of tumors are closely related to micro-
angiogenesis and blood supply. The production and secretion of
factors by tumor cells need to be regulated by a variety of vas-
cular factors, such as CD34. At present, the treatment of tumors
by inhibiting tumor microangiogenesis has become a hot topic,
and CD34 may be a key point to prevent the microangiogenesis
of meningiomas [35].

There have also been many recent reports on the genetic
mutational signature of meningiomas in children. Pediat-
ric meningiomas share a high frequency of NF2 altera-
tions which are distinct from adult counterparts. One
study analyzed tumor specimens from 38 children with
childhood meningioma by next-generation sequencing
and found that loss-of-function mutations in NF2 and
chromosome 22 losses were common in children men-
ingiomas. Pathogenic variants in other genes, including
SMARCBI1, FUBPI1, BRAF, and TERT, were found in
a minority of patients. H3K27 hypomethylation was not
found in the cohort, and it is a useful biomarker in adult
tumors [36]. Sporadic childhood and adolescent meningi-
omas are less common than meningiomas in adulthood.
Genetic syndromes associated with meningiomas include
neurofibromatosis type 2 with germline mutations in NF2,
Gorlin syndrome with mutations in SUFU, and clear cell
meningioma with germline mutations in SMARCEI [37].
One study showed that pediatric meningiomas frequently
harbored NF2 deletions (82%) along with more aggressive
histological features, and the prognosis was worse than
that of patients without NF2 mutations [38]. However,
none of the LVM patients in this group were found to also
have neurofibromatosis type 2. The driver genes of men-
ingioma reported in recent years include AKT1, TRAF7,
SMO, KLF4, and PIK3CA [39]. However, a study showed
that intraventricular meningiomas frequently harbor NF2
mutations but lack common genetic alterations in TRAF7,
AKT1, SMO, KLF4, PIK3CA, and TERT [40]. The driver
genes of sporadic pediatric meningioma have not yet been
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revealed. Recently, researchers identified YAP1 fusions as
a potential oncogenic driver in the development of pedi-
atric meningioma patients, which strengthens the hypoth-
esis that deregulation of the HIPPO pathway is a central
mechanism in meningioma tumorigenesis. YAP1 fusions
appear to be a surrogate for NF2 inactivation, and YAP1
fusion-positive meningiomas are closer to NF2-mutated
patients than other pediatric meningiomas [41]. In the past
10 years, a total of 30 cases of pediatric patients with men-
ingioma were admitted to our hospital; only two showed
NF2 alterations (data not shown). In this study, none of the
five patients with LVM did genetic testings, and all were
not diagnosed with neurofibromatosis type 2.

Lateral ventricle meningiomas have atypical imaging
manifestations and inconspicuous clinical symptoms, which
can easily lead to misdiagnosis. Therefore, LVM needs to
be differentiated from other types of tumors that occur in
the lateral ventricle. For tumors in the trigone of the lat-
eral ventricle, choroid plexus tumors are most common in
younger children, and ependymoma and astrocytoma are
most common in older children. To date, first-line treat-
ments for meningiomas are observation and surgery, but
adjuvant radiotherapy/radiosurgery is also necessary for
atypical or anaplastic meningiomas [42]. Surgical treatment
of lateral ventricle meningiomas is a challenge for neuro-
surgeons. Experience and thorough anatomical knowledge
are determinants of resection. Successful surgical resection
can allow patients to live a normal life, while any surgical
approach selection or errors during the surgical procedure
can lead to neurological dysfunction and even death. Before
surgery, it is necessary to fully understand the anatomy of
the lateral ventricle, the course of arteries and veins, and the
relationship these structures have with the optic tract and
the dominant hemisphere. Principles of successful surgi-
cal resection include early devascularization, less brain tis-
sue pulling to allow for space for tumor resection, in-depth
understanding of the function of surrounding anatomy,
avoidance of important neural structures, and minimal dis-
tance from the tumor; however, there is no single surgical
approach that satisfies all conditions.
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