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Abstract

Intracranial tumors are the most common solid tumors in children. The infratentorial compartment
will be the primary site for 60% to 70% of these tumors, including astrocytomas,
medulloblastomas, and ependymomas. Several technological advancements have increased our
knowledge of the cell biology of pediatric brain tumors, facilitated earlier diagnosis, and improved
neurosurgical resections while minimizing neurological deficits. These in turn have not only
improved the survival of children with brain tumors but also their quality of life. Current
management strategies in most cases rely on surgery coupled with adjuvant therapies, including
radiation therapy and chemotherapy. The vulnerability of the immature brain to adjuvant therapies
creates many challenges for the treating physician. We review current diagnostic and therapeutic
approaches and outcome for children harboring the most common pediatric brain tumors:
astrocytomas (low- and high-grade glioma), ependymoma, medulloblastoma, and
craniopharyngioma. The emphasis will be on the neurosurgical management of children with these
tumors.
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Introduction

Intracranial tumors are the most common solid neoplasms in children and the second most
common malignancy of childhood.! About 60% to 70% of all pediatric brain tumors, which
include astrocytomas, medulloblastomas, and ependymomas, develop in the infratentorial
compartment.23 The remaining 30% to 40% of tumors are supratentorial in origin and
consist of optic pathway tumors, hypothalamic tumors, craniopharyngiomas, intraventricular
tumors, and gliomas.# The reason why pediatric brain tumors have a propensity to occur in
the posterior fossa has not yet been elucidated.

The diagnosis of a brain tumor is often difficult to establish in a child, because many of the
signs and symptoms may mimic those of more common childhood illnesses. Brain tumors

Address correspondence to: James T. Rutka, MD, PhD, FRCSC, FACS, Division of Neurosurgery, Suite 1503, The Hospital for Sick
Children, 555 University Avenue, Toronto, Ontario, CANADA M5G 1X8; phone: 416-813-6425; fax: 416-813-4975;
james.rutka@sickkids.ca.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Nejat et al.

Gliomas

Page 2

produce neurologic symptoms that vary depending on the size, location, and invasiveness of
the tumor. A list of the most common signs and symptoms of pediatric brain tumors is found
in Table 1. Recurrent bouts of headache, nausea, or vomiting without focal deficits are
observed in many children.>8 Fundoscopy is imperative in any child with recurrent or
progressive headache, as papilledema is commonly found.

An estimated 5% to 10% of brain tumors are due to a genetic predisposition. The occurrence
of brain tumors in individuals with hereditary syndromes such as tuberous sclerosis,
neurofibromatosis types 1 and 2, nevoid basal cell carcinoma syndrome, and familial
adenomatous polyposis may be quite common. Some familial cancer syndromes such as the
Li-Fraumeni syndrome, which is caused by germline mutations in the p53 gene, are
associated with an increased risk of developing brain tumors. ’

In the past two decades, technological advances in many areas have provided us with a
better appreciation of the biological behavior of pediatric brain tumors. In particular, the
improvements in neuro-imaging have enabled us to make earlier diagnosis and to be more
certain about tumor recurrence and dissemination. Magnetic resonance imaging (MRI)
(Figure 1), positron emission tomography (PET), magnetoencephalography, diffusion tensor
imaging, and functional MRI have enabled us to map brain tumors with extraordinary
precision (Figure 2). For the neurosurgeon, the operating microscope, variable angled neuro-
endoscopes, neuronavigation platforms, intraoperative MRI, cortical mapping, intraoperative
evoked potentials, and high-resolution ultrasound have improved the safety and outcome of
neurosurgical procedures, increasing the percentage of affected children who survive to
adulthood.

In this review, we describe intracranial tumors for which neurosurgery clearly plays a role in
patient outcome. These include gliomas (low-grade and high-grade), ependymoma,
medulloblastoma, and craniopharyngioma.

More than half of all pediatric brain tumors are gliomas, which are usually supratentorial in
location.8 Gliomas are classified into different grades from I through 1V according to the
World Health Organization. Grade | gliomas are benign tumors that include pilocytic
astrocytoma and subependymal giant cell astrocytoma. The low-grade fibrillary astrocytoma
roughly corresponds to the World Health Organization grade 11. World Health Organization
grade I11 and grade IV gliomas include anaplastic astrocytoma and glioblastoma multiforme,
respectively. Glioma grades | and 11 are classified as low-grade gliomas and grades Il and
IV are considered high-grade gliomas.®

Low-Grade Gliomas

Low-grade gliomas comprise the most common type of brain tumor in children. Most are
well-circumscribed tumors with varying histopathological features and include pilocytic
astrocytomas, gangliogliomas, pleomorphic xanthoastrocytomas, and subependymal giant
cell astrocytomas. Children with low-grade gliomatypically present with an insidious onset
of symptoms suggestive of intracranial hypertension or a protracted history of seizures.10

Pilocytic astrocytomas are the most common type of low-grade glioma. They occur mostly
in younger children (median, 4 years old) and form the majority of posterior fossa, optic
apparatus, lobar, and dorsal exophytic brainstem tumors. They appear as a hypointense
cystic mass on T1-weighted images with a solid part that enhances brightly.11
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Less commonly, the neurosurgeon will face a child with a diffusely infiltrating low-grade
glioma (World Health Organization grade I1). These typically occur at a median age of 10
years, mostly in the cerebral hemispheric and pontine regions. These tumors may spread
widely into regions of normal brain. Rarely, they can progress to higher-grade tumors. They
are hypointense on T1-weighted images and hyperintense on T2-weighted images, and do
not enhance after contrast.11

Management

The treatment of choice for low-grade gliomas that are in favorable locations is gross total
resection (Figure 3). Pilocytic astrocytomas variants can be effectively treated in most cases
by surgical resection, even when the lesions are located in eloquent locations such as the
brainstem or thalamus. Functional brain mapping with functional MRI and
magnetoencephalography, microneurosurgical techniques, intraoperative neuro-monitoring
and imaging have enabled resection of previously inoperable tumors while minimizing
surgical morbidity.11

While neurosurgical removal of a low-grade glioma, such as a pilocytic astrocytoma, is the
optimal treatment, there are several locations in the brain where this cannot always be
performed safely, such as the optic apparatus, hypothalamus, and certain regions of the
brainstem. In these cases, chemotherapy or radiation therapy can be used as primary or
adjuvant therapies.

The primary role of chemotherapy in the treatment of neurosurgically inaccessible low-
grade gliomas is to delay radiation therapy or other treatments, particularly for young
children. Most studies in the literature have focused on low-grade gliomas of the optic
apparatus or hypothalamus. Here, chemotherapy can have a dramatic response or stabilizing
influence without subjecting the child to the neurological sequelae of surgery or radiation
therapy. Typically, radiation therapy is used when there are no further neurosurgical options
or when chemotherapy has failed in a child who is old enough to receive radiation therapy,
typically older than age 5.11 There have been recent advances in the delivery of radiation
therapy using conformal, stereotactic fractionated radiation therapy and radiosurgery with 3-
dimensional planning!? that have attempted to minimize some of the feared sequelae of
radiation therapy to the developing brain.

Prognostic factors

Patient age, tumor grade, extent of resection, and tumor location are variables that have
prognostic significance for patients with low-grade gliomas.13-16 The extent of resection
may be the most important predictor of clinical outcome.1’ In children where resection was
greater than 95%, the 5- and 10-year survival rates ranged from 75% to 100%.11.13.16

High-Grade Glioma

High-grade gliomas are classically divided into anaplastic astrocytoma (grade I11) and
glioblastoma multiforme (grade 1V) based on the presence of characteristic microscopic
features. Childhood high-grade gliomas consistently display more frequent chromosomal
aberrations and imbalance with multiple regions of abnormality.18 There is speculation that
a high number of chromosomal aberrations may correlate with an aggressive biological
phenotype.10.19

Symptoms of high-grade glioma are typically far more abrupt, with rapidly progressive
symptoms or signs of elevated intracranial pressure or a focal neurological deficit.20
Seizures as a mode of presentation of high-grade glioma are less common. Nearly 5% to
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10% of those with high-grade glioma deteriorate suddenly as a result of an intratumoral
hemorrhage (Figure 4).10

The characteristic MRI appearance of non-brainstem high-grade glioma is that of low signal
intensity on T1-weighted sequences; cortical and white matter T2-signal hyperintensity,
representing infiltrating tumor and reactive vasogenic edema, and an irregular pattern of
contrast enhancement,10:21

Diffuse intrinsic pontine gliomas are the most commonly encountered tumor of the
brainstem. Unfortunately, most are highly malignant neoplasms. Children with diffuse
pontine gliomas will often present acutely with multiple cranial nerve signs, ataxia, long
tract signs, and cerebellar signs.22:23 They appear hypointense on MRI with indistinct
margins, reflecting the infiltrative nature of these high-grade lesions and indiscrete
hyperintensity on T2-weighted imaging. Gadolinium enhancement can be variable and has
no prognostic implication (Figure 5).24

Management

The general approach for children with non-brainstem high-grade gliomas is neurosurgical
resection followed by adjuvant radiation therapy and chemotherapy. Complete tumor
removal is the strongest prognostic factor.2526 The outcome of children with high-grade
gliomas is highly dependent on tumor histology. In the contemporary literature, 5-year
survival rates ranged from 5% to 15% for children with glioblastoma multiforme and from
20% to 40% for those with anaplastic astrocytoma.2’ Multi-institutional studies of pediatric
patients with high-grade gliomas evaluated the significance of extent of resection and
histology in children who were treated with aggressive multimodality therapies involving
radiotherapy and chemotherapy.2>-27-2% They demonstrated statistically significant different
5-year progression-free survival in patients with anaplastic astrocytoma who underwent a
tumor resection of greater than 90% compared with children with glioblastoma multiforme
who underwent less than 90% resection (44% and 4%, respectively).25

A significant association between overexpression of p53 and outcome in high-grade glioma
has been described; 5-year progression free survival was 44 + 6% in the group with low-
level expression of p53 and 17 + 6% in the group with overexpression of p53.30

Several studies have shown superiority of chemotherapy in high-grade glioma patients
undergoing surgery and radiotherapy.2’29 Others have documented promising rates of long-
term disease control in studies involving high-dose chemotherapy in conjunction with stem
cell rescue. However, the toxicity of stem cell rescue must be taken into consideration.3!

Most children with diffuse pontine gliomas die within 18 months of diagnosis, which is
similar to the clinical course for glioblastoma multiforme.22:32:33 There is currently no role
for radical surgery or biopsy since stereotactic biopsy does not change the management
strategy.32 A biopsy should be reserved for indeterminate lesions on MRI accompanied by
an unusual presentation or when mandated by a study protocol. In the context of
neurofibromatosis type 1, however, diffuse brainstem tumors have a more favorable
prognosis.3# Radiation therapy is the current mainstay of treatment for diffuse intrinsic
pontine gliomas23:3%:36 The role of chemotherapy remains to be determined.3’

Often, a recurrence at the primary site of high-grade glioma may be amenable to additional
local therapy, including resection or stereotactic radiosurgery. High-dose myeloablative
chemotherapy and autologous stem cell rescue yielded a 4-year event-free survival rate of 22
+ 7% compared with 2 £ 1% who underwent conventional chemotherapy at the time of
recurrence.19 Perhaps one of the most important aspects of the management of children with
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high-grade gliomas is the use of new chemotherapeutic agents in cooperative clinical trials.
It is likely that convection-enhanced delivery of chemotherapeutics will be an option for
future therapy in children with high-grade gliomas in upcoming clinical trials.

Ependymoma

Intracranial ependymomas are a common brain tumor in children, comprising 2% to 9% of
all central nervous system tumors in this age category.38 They represent the third most
common central nervous system neoplasms in this age range, following astrocytoma and
medulloblastoma. 3° The peak incidence is between birth and 4 years of age, with little
variation after ages 7 to 9. Males are 1.4 times more likely to develop ependymomas than
females are. More than 70% of ependymomas occur in the posterior fossa,*041 usually
arising from neoplastic transformation of the ependymal cells in floor of 4th ventricle in the
midline.#243 The cause of ependymomas is unknown, but recent work has suggested a
tumor suppressor gene for ependymoma resides on chromosome 22.44

According to the World Health Organization, four major subtypes occur, including
ependymoma, anaplastic (malignant) ependymoma, myxopapillary ependymoma, and
subependymoma.*%:45 Children typically present with headache, vomiting, and lethargy
subsequent to obstructive hydrocephalus. Later in the course of the disease, truncal ataxia,
nystagmus, and VIth nerve palsy may develop. Ependymomas often extend through the

foramen of Luschka into the cerebellopontine angle, and cranial nerve dysfunction may be
noted.42:43.46

On computed tomography (CT) scanning, ependymomas are usually low-density masses that
enhance strongly and cause hydrocephalus. Calcifications and cystic components may also
be seen.*” MRI with and without contrast is the preferred neuroimaging modality for both
diagnosis and surgical planning because it provides greater soft-tissue detail, especially for
infratentorial lesions (Figure 6). On T1-weighted images, a hypo- to isointense contrast-
enhancing mass is demonstrated that typically fills and expands 4th ventricle. Ependymomas
are usually hyperintense on T2-weighted sequences.40:47

The incidence of dissemination of ependymoma is only 11% to 17%.4849 Nonetheless, it is
important to demonstrate its presence or absence, because disseminated disease is a strong
adverse prognostic factor. Accordingly, it is preferable to perform a staging spinal MRI
preoperatively.40

Management

A number of studies have shown that complete surgical resection offers the best hope of
cure.*8-50 As such, gross total resection should be the intent of surgery when it can be
accomplished safely (Figure 7).51 In reality, the actual percentage of cases where
ependymomas of the posterior fossa can be completely resected is 30% to 50%.4C To
enhance the safety of surgery for posterior fossa ependymoma, the neurosurgeon can take
advantage of intraoperative monitoring of lower cranial nerves and brainstem pathways, and
neuronavigation.

Intracranial ependymomas are relatively radiosensitive. Craniospinal axis fields are used
only when spinal seeding is radiologically or pathologically evident.>2 In young children
(less than 5 years of age) the provision of radiation therapy is usually avoided, if possible.
Because of the severity of this disease, however, even young children with these tumors
usually require chemotherapy and radiation therapy.0:53
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Some authors recommend the use of postoperative radiotherapy, regardless of whether the
resection is gross total or subtotal.>1 The dose of radiation for the treatment of ependymoma
has traditionally been in the range of 4500 cGy to 5600 cGy.#1:46 Because the primary
problem with ependymomas is local tumor control, brachytherapy with 125jodine has been
used at recurrence.*8 Radiosurgery also may be an option in patients with
ependymomas.42:54

In comparison with medulloblastomas and even astrocytomas, ependymomas are quite
chemoresistant. Chemotherapy has not yielded a significant improvement in survival for
patients with ependymal tumors.#6:5% High-dose chemotherapy followed by autologous bone
marrow transplantation has been tried experimentally.40 At this point, the data are not
sufficient to justify the use of chemotherapy in patients with ependymomas, except in
younger children (to substitute for or delay radiation therapy®6) or patients in whom surgery
and radiation therapy have failed to control tumor growth.40

Prognostic factors

Unless a complete removal of the tumor can be accomplished, ependymoma almost always
progresses. Generally, the 5-year survival rate for children with intracranial ependymomas is
approximately 50% to 60% and the 10-year survival is approximately 40% to 50%.42
Controversial results have been published regarding the roles of age, tumor location and
histological composition, radiotherapy, and chemotherapy on progression-free

survival 38-40.42

Disease dissemination at diagnosis carries a poor prognosis. In fact, this may be the single
most important prognostic factor.#2:57-59 Total tumor excision was strongly related to
patient prognosis in both uni- and multivariate analyses.3%40 Higher MIB-1 labeling index
and subtotal resection were shown to be the strongest indicators of the tumor’s aggressive
behavior and poor prognosis.®?

Medulloblastoma

Medulloblastoma is the second most common posterior fossa tumor in children and
represents 15% to 25% of pediatric brain tumors.®1 Patients with this tumor usually present
in the first decade of life,52 with peak incidences between 3 years and 4 years and 8 years
and 9 years of age.%3

Medulloblastomas are most frequently found in the 4th ventricle. They tend to be invasive of
normal cerebellar tissue, and in 15% of cases they infiltrate the brainstem.54 The child with
a medulloblastoma may present with obstructive hydrocephalus secondary to the posterior
fossa mass followed by cerebellar dysfunction. Older children usually complain of morning
headaches. Vomiting is frequent because of increased intracranial pressure. Later, patients
develop ataxia caused by cerebellar compression and coexisting hydrocephalus.%°
Development of a stiff neck or head tilt usually suggests tonsillar involvement by the tumor
or signs of impending herniation.62.66

By CT, medulloblastoma is often seen as a midline hyperdense cerebellar vermian mass.
Ventriculomegaly is noted in approximately 85% to 90% of cases.53:66 The best imaging
modality for these tumors is MRI, which reveals a heterogeneous hypointense mass on T1-
weighted imaging®7:68 and a hyperintense mass on T2-weighted sequence which enhances
heterogeneously after gadolinium infusion.62:63 MRI of the spine enables demonstration of
spinal subarachnoid dissemination. Drop metastases occur in up to 40% of patients, most
commonly in the lumbosacral and thoracic areas (Figure 8). Because of the significant
incidence of dissemination at the time of diagnosis, neuroimaging of the entire neuraxis is

J Child Neurol. Author manuscript; available in PMC 2013 July 18.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Page 7

required prior to initiating treatment.%6.67 Magnetic resonance spectroscopy shows an
elevated choline (a marker of biomembrane) and decreased N-acetyl aspartate (NAA, a
neuronal cell marker) and other mobile lipids.5°

Management

Surgical resection of medulloblastoma is an essential part of treatment that has led to
improved survival, particularly in children with localized disease.’? Using micro-operative
techniques, intraoperative imaging and monitoring and the ultrasonic aspirator facilitate
gross total resection with minimal neurological deficits.”t When the tumor infiltrates the
brainstem, the neurosurgeon should not be aggressive in this location.56

Postoperative cerebellar mutism is a relatively common complication. It develops over 48
hours to 72 hours after resection of the tumor and can persist from weeks to months, with
associated findings of dysmetria, hypotonia, dysphagia, hemiparesis, and increased mood
lability. Other common temporary postoperative complications are ataxia, hemiparesis, and
VIth cranial nerve palsy.11. 71

Radiation therapy is an integral part of the treatment of patients with medulloblastoma that,
compared with surgery alone, improves survival.1 Irradiated fields include the posterior
fossa and the entire neuraxis, where there is potential spread of neoplastic cells. The
standard dose to the primary site is 5400 rad. However, attempts are being made to identify
the most appropriate dose.”? Radiation therapy is delayed or not given to children younger
than 3 years of age.53 Proton beam irradiation has been proposed in the management of
young patients, as it has a lower incidence of adverse effects than does conventional
radiation toxicity.”3 Some of the late complications of conventional radiation therapy
include focal or diffuse demyelination, white-matter necrosis, focal calcifications, and
microangiopathy.”475

A range of chemotherapeutic drugs have been used in the treatment of medulloblastoma.
One goal of chemotherapy is to augment, delay (especially in young children), or even avoid
radiation; however, chemotherapy alone can be curative in patients with nonmetastatic
medulloblastoma after gross total resection but not in cases of metastases.’® Using lower-
dose craniospinal radiotherapy with chemotherapy in children older than 3 years with
nondisseminated disease may lead to higher 5-year event-free survival rates.’6:"

Despite impressive improvements in therapy, 20% to 30% of children with medulloblastoma
still experience tumor progression,’® mostly within 2 years after diagnosis and in the
primary tumor site of the posterior fossa.”® Once there is a recurrence, prognosis is very
dismal and the patients usually die within a year.62 An increased probability of survival
exists for patients whose tumors recur at only the primary tumor site.”® Salvage therapies
include the use of second surgery, localized radiotherapy, chemotherapy, and high-dose
chemotherapy with autologous stem cell rescue, which help overall survival rates of 0 to
22.6%.56.78

Prognostic factors

At the present time, children less than 3 years of age,’? residual tumor of more than 1.5 cm?,
and/or any evidence of dissemination are associated with poor prognosis.®® It is expected
that future treatment protocols will take advantage of the growing body of information on
molecular pharmacology, neurogenetics, cell biology, and developmental biology to cure
more children with medulloblastoma while minimizing the cognitive and
neuropsychological effects of current therapies.53:66
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Craniopharyngioma

Craniopharyngioma is the most common intracranial nonglial tumor of childhood and
constitutes 2.5% to 9% of pediatric brain tumors.80:81 This tumor can occur at any age, with
a peak at 5 years to 9 years.82 Males and females are affected in equal proportions.89
Clinical symptoms are usually related to endocrine dysfunction, even though these problems
may not be the reason for the initial medical evaluation. Growth failure has been reported in
93% of children. Visual loss, headache, apathy, incontinence, depression, memory loss, and
mental changes may also be observed. 83

Craniopharyngiomas typically arise in the suprasellar region from epithelial remnants of the
Rathke’s pouch. Although the histological appearance of these lesions is benign, they are
locally aggressive, with fingerlike attachments that invade adjacent critical structures such
as the optic nerves and chiasm, pituitary gland, hypothalamus, 3rd ventricle, and blood
vessels.81 Approximately 90% of craniopharyngiomas are primarily cystic, whereas in
approximately 30% of the cases a small solid tumor with one or more cysts is found. Only
about 10% of cases are wholly solid.80.81

Both CT and MRI are useful in the diagnosis. Brain CT often reveals a cystic mass with
calcification; hydrocephalus is not an uncommon radiological finding. The tumor mass, its
general configuration, and its relationship to the ventricular system and major cranial
arteries are demonstrated precisely by MRI. Enhancement with contrast generally defines
cyst walls and allows visualization of the solid portions of the tumor.83

Management

In 15% to 30% of patients the presenting symptoms are related exclusively to
hydrocephalus. Often, there is bilateral ventricular dilation subsequent to obstruction of
foramen of Monro, which can be managed with a single shunting system in conjunction with
endoscopic fenestration of the septum pellucidum. Tumor surgery can be done after the
ventricles have been decompressed and the patient has been stabilized.84

Cystic craniopharyngiomas frequently require therapies aimed at reducing cyst size. This
can be achieved through various neurosurgical approaches, including stereotactic- or
ultrasound-guided aspiration, direct shunting, fenestration into the ventricular system, and
intracystic instillation of chemotherapeutic agents. An Ommaya reservoir system is
commonly used for drainage of the cystic part; it is placed during open surgery or by
stereotactic accesses, which typically involve the use of a neuroendoscope or intraoperative
imaging.80.82

Surgical extirpation is an ideal goal for children with craniopharyngioma if it can be
performed safely and with minimal morbidity. Cure can result following complete
resection.81 However, the neurosurgeon must be fully cognizant of the critical location of
the tumor adjacent to the optic apparatus, pituitary gland and stalk, hypothalamus, and
vessels of the circle of Willis. A number of neurosurgical approaches have been used in the
resection of craniopharyngiomas, including subfrontal, pterional, interhemispheric,
transcallosal, and transsphenoidal. The choice of approach is based on intrinsic tumor
features and neurosurgeon familiarity. Recently, the neuroendoscope has been used to resect
craniopharyngiomas via a transnasal, transsphenoidal approach with promising early results.
Despite the neurosurgeon’s best efforts at resection of craniopharyngioma, the recurrence of
these tumors remains high at approximately 30%.82.85

To expand on the potential complications of craniopharyngioma surgery, impairment of
anterior pituitary function necessitating replacement of two or more anterior pituitary
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hormones is seen in approximately 80% of cases.86 The non-endocrine morbidity (15%)
includes hypothalamic damage resulting in morbid obesity, severe appetite disturbance, loss
of diurnal rhythm, and cognitive impairment.8” Aneurysmal dilatation of the cerebral vessels
of the circle of Willis has been reported postoperatively, and visual field alterations after
surgery are commonly seen. For these reasons, some believe that children with
craniopharyngioma should undergo limited resection followed by cyst-directed therapy or
irradiation strategies (Figure 9). The change in approach from radical resection to limited
resection followed by focal radiotherapy has afforded over 80% long-term tumor control
without the cognitive and endocrine impairments.86.88

New 3-dimensional conformal radiation protocols using CT and MRI for target localization,
dose-volume histograms, computer-driven multi-leaf collimators, and stereotactically guided
delivery units are on the horizon for treatment of craniopharyngioma. These have all
increased the potential for improving the therapeutic ratio of craniopharyngiomas.81:89.90
The 10-year survival in children treated with the aid of CT or MR imaging technology was
85% to 96% compared with 56% to 78% among children treated without using modern
imaging.8°

Stereotactic radiosurgery and fractionated stereotactic radiotherapy are increasingly being
used in the management of pediatric craniopharyngioma, improving tumor control rates.
Indications for radiosurgery are usually limited to craniopharyngiomas that are solid with a
size less than 2.5 cm, and in tumors that are at least 3 mm away from the optic chiasm.
Tumor control rates of 70% to 100% have been reported 1 year to 5 years after radiosurgery,
with very few complications directly attributable to radiosurgery.81:89.91

Lastly, the use of intracavitary irradiation using yttrium-90 or phosphorus-32 is an option for
cystic craniopharyngioma. Long-term control of cystic craniopharyngioma has been
reported using this technique. 92

Conclusion

The neurosurgeon has traditionally played an integral role in the management of children
with brain tumors. This trend will likely continue far into the future for many tumor types.
Here, we have presented the data showing that neurosurgical extirpation of brain tumors can
improve survival for children with low-grade glioma, high-grade glioma, medulloblastoma,
ependymoma, and craniopharyngioma. In some instances, neurosurgery must be combined
with expertly administered adjuvant therapies such as radiation therapy and chemotherapy,
as in the case of medulloblastoma. In all instances, neurosurgery must be performed with the
utmost skill and planning, and be bolstered by the latest technologies, such as intraoperative
neuronavigation or MRI, functional mapping, and microneurosurgical techniques, to ensure
that patients who survive the biology of their tumors are not held prisoner to devastating
long-term neurological impairments. In the field of neurosurgery, we can expect to see
minimally invasive techniques, such as neuro-endoscopy and stereotactic delivery of
chemotherapeutics via convection-enhanced delivery, play an increasingly important role.
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Figure 1.

Sagittal MRIs of pediatric brain tumors in different brain regions. (A) Posterior fossa tumor
in 14-year-old male with brief history of nausea, vomiting, and headache. At surgery, the
lesion proved to be a medulloblastoma. (B) Midline suprasellar mass lesion with
invagination into 3rd ventricle in 10-year-old female with progressive visual loss and
headaches. This tumor was a craniopharyngioma. (C) Parasagittal tumor in 2-year-old
female with brief history of seizures and leg weakness. This tumor was an
ependymoblastoma. (D) Posterior third ventricular tumor in 2-year-old male with a history
of vomiting and headaches. The lesion was a pineoblastoma.
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Figure 2.

Advanced neuroimaging techniques in children with brain tumors. These techniques allow
for mapping of eloquent regions of the child’s brain and aid the neurosurgeon in the
approach to their removal so as to avoid injuring functional brain tissue. (A)
Magnetoencephalography in 14-year-old female with left intraventricular tumor. The tumor
was a choroid plexus papilloma. The white squares show language activation using typical
magnetoencephalography paradigms. This patient has bilateral language activation. (B)
Diffusion tensor imaging in 6-year-old male with left brainstem tumor showing slight
compression of the corticospinal tract on the left side by the tumor mass. (C) Functional
MRI in 10-year-old male with left frontal subcortical brain tumor showing primary language
activation (yellow shading) in left inferior frontal region adjacent to the tumor.
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Figure 3.

Intraoperative panel of images in 13-year-old male with left occipital pilocytic astrocytoma.
This child was operated upon using frameless stereotaxy and intraoperative neuronavigation
to ensure complete removal of his lesion.
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Figure4.

Coronal MRI scan in 14-year-old male with neurofibromatosis type 1 who presented with
sudden onset of headache. The MRI shows both hemorrhage and tumor, and proved to be a
glioblastoma multiformet surgery.
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Figureb5.

Sagittal gadolinium-enhanced MRI showing a diffuse intrinsic pontine glioma in an autistic
child, one of identical twins. The tumor not only fills the pons, but encases the basilar artery.
The prognosis for these tumors is extremely poor, with a 12- to 18-month survival noted in
most cases.
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Figure®6.
Sagittal MRI of intraventricular ependymoma in 14-year-old male who presented with brief
history of headaches and memory loss.
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Figure7.

Intraoperative photomicrograph of posterior fossa ependymoma. The tumor descends below
the cerebellar tonsils, and extends into the high cervical spinal canal. The goal with
ependymoma is complete neurosurgical resection if possible.
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Figure8.
MRI of disseminated medulloblastoma. (A) Coating of the spinal cord with tumor is seen on
this sagittal MRI. (B) Diffuse leptomeningeal seeding of the brain is shown.
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Figure9.

Cystic craniopharyngioma treated conservatively with Ommaya reservoir and repeated
tapping. Coronal MRI scans are shown (A) prior to insertion of the Ommaya reservoir and
(B) after insertion of the Ommaya reservoir and following repeated tapping; shows
markedly diminished cyst size.
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Table 1

Signs and Symptoms Associated with an Intracranial Tumor

Signsand Symptoms

Seizure

Headache

Loss of consciousness

Focal neurological deficit (ataxia, diplopia)

Syndrome of raised intracranial pressure (vomiting, tense fontanel)
Meningismus

Endocrine hormone imbalance
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