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Pediatric intramedullary spinal cord tumors
(IMSCTs) are rare and account for only 4% to
6% of all central nervous system (CNS) tumors

[1]. Approximately 100 to 200 cases are diagnosed
each year in the United States [2], representing an
incidence of less than 1 in 100,000. IMSCTs in

children are usually located in the cervical or tho-
racic spine (46%) and occur infrequently in the
lumbar spine [3,4]. There is equal male and female

distribution in the reported pediatric series [5–7].
Astrocytomas and ependymomas represent most
IMCSTs in children. Other less frequent tumors

in this location include gangliogliomas, oligoden-
drogliomas, subependymomas, neurocytomas, he-
mangioblastomas and, rarely, metastases.

Presenting symptoms can be subtle in the

pediatric population, often leading to delay in
recognition. Parents usually report that mild
symptoms were present for months to years before

diagnosis. Signs and symptoms include pain,
weakness, paresthesias, spinal deformity, sphinc-
ter disturbance, and cervicomedullary symptoms

[4]. Slow deterioration of neurologic function can
also occur [8]. Because of their rarity, treatment
recommendations are extrapolated from those
for similar tumor types in other CNS locations

or from small cohort studies. Nevertheless, it
seems that the definitive treatment, if possible,
for primary IMSCTs is surgical resection. This ap-

proach may leave a patient with severe neurologic
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deficits, however. Effective treatment requires an
interdisciplinary approach, with specialists in pe-
diatric neurosurgery, neuro-oncology, child neu-

rology, pediatrics, and nursing.

Ependymoma

Epidemiology and pathogenesis

Ependymomas can arise from the cranial
ventricular system or within the spinal cord.
Those originating in the spinal cord presumably

arise from the remnants of the central canal and
can be seen in children and young adults. Ependy-
momas are commonly found in the cervical region

in children and have a lower incidence as com-
pared with astrocytomas [9,10]. In a study by
Miller [11], ependymomas were found in 19
(16%) of 117 pediatric patients with IMSCTs.

Ependymomas tend to increase in frequency
with age. A recent study by Constantini and col-
leagues [8] showed that there were no ependymo-

mas reported in a series of IMSCTs in patients less
than 3 years of age.

Ependymomas (World Health Organization

[WHO] grade II) have been found to contain
SV40 virus, large, T-antigen–related DNA se-
quences. This finding has received a great deal

of attention, because widespread use of SV40-
contaminated polio vaccines may have occurred
between 1955 and 1962 [12]. These findings have
not been corroborated by other investigators,

however, and the role of SV40 in the pathogenesis
of ependymomas still remains to be proven [13].
Intramedullary spinal cord ependymomas are as-

sociated with neurofibromatosis type 2 (NF2)
[14], a genetic syndrome inherited in an autosomal
dominant pattern. In fact, a recent study showed

that mutations of the NF2 transcript occurred in
hts reserved.

neurosurgery.theclinics.com

mailto:guptan@neurosurg.ucsf.edu


52 AUGUSTE & GUPTA
most sporadic intramedullary spinal cord ependy-
momas [15]. In this study, five of seven intrame-
dullary spinal cord ependymomas had mutations

in the region of the transcript homologous to pre-
viously identified cytoskeletal proteins and re-
sulted in truncation of the predicted protein
product, probably rendering the protein product

inactive [15].

Pathologic findings

Grading
Eighty-nine percent of IMSCTs in children are

low-grade lesions [8]. Four different entities are
delineated according to the most recent WHO

classification of tumors [16]. The subependymoma
(WHO grade I) is a benign and slowly growing
intraventricular tumor that is often detected

incidentally and carries a good prognosis. These
tumors have histologic features of subependymo-
mas and ependymomas. The myxopapillary type

(WHO grade I) arises in the filum terminale or
conus medullaris almost exclusively and carries
a good long-term prognosis. Classic ependymoma

(WHO grade II) is a common intramedullary neo-
plasm found in the spinal cord in children. Ana-
plastic ependymomas (WHO grade III) are
thought to arise from a malignant transformation

of low-grade ependymomas [16].

Histopathology
The myxopapillary ependymoma has a pseudo-

papillary architecture and abundant mucin pro-

duction. This variety of ependymoma is
characterized by glial fibrillary acidic protein
(GFAP)–expressing tumor cells with a cuboidal

or elongated morphology arranged radially in
a papillary manner around vascularized stromal
cores. Mitotic activity is almost absent, and

a mucoid matrix material accumulates between
tumor cells and blood vessels. Ependymomas are
highly cellular tumors regardless of their grade.

Their characteristic features include pseudoro-
settes and perivascular grouping. The high cellu-
larity of ependymomas can cause disagreement
among neuropathologists on the grade of a par-

ticular specimen [17]. In particular, there is a ten-
dency to attribute a higher grade to low-grade
tumors.

Classic ependymomas contain perivascular
pseudorosettes which are immunoreactive for
GFAP, and, uncommonly, true epithelial-lined

ependymal rosettes. The perivascular pseudoro-
settes originate from tumor cells arranged radially
around blood vessels and occur in most of these
tumors. These tumors are well delineated, and
mitotic figures are rare. An occasional nonpali-
sading focus of necrosis is sometimes observed

and is compatible with lower grade histology.
Unusual variants, such as the clear cell ependy-
moma and the tanycytic ependymoma, can mimic
oligodendroglioma or astrocytoma, respectively

[4].
The anaplastic ependymoma displays histo-

logic and behavioral characteristics that are dis-

tinct from the classic ependymoma. Although the
cells of the classic ependymoma are morphologi-
cally similar to normal ependymal cells, those of

the anaplastic ependymoma have clear histologic
features of malignancy. More specifically, the
anaplastic ependymoma is characterized by ag-
gressive mitotic activity and increased cellularity,

which are often associated with microvascular
proliferation and pseudopalisading necrosis.

Molecular biology and cytogenetics
A study by von Haken and coworkers [18] re-

ported a 50% incidence of allelic losses on the
short arm of chromosome 17 in 18 pediatric epen-
dymomas. The tumor suppressor gene TP 53 was

excluded; therefore, a candidate gene has yet to be
identified. Recognizing the increased incidence of
ependymomas in patients with NF2, some investi-
gators have reported evidence for mutations of the

NF2 gene, which is located on chromosome
22q12. One group analyzed 62 ependymal tumors
for loss of heterozygosity (LOH) 22q, LOH 10q,

and for mutations of the NF2 tumor suppressor
gene. Six of the tumors revealed mutations of
NF2, all of which came from patients with

IMSCTs [19]. This may suggest that spinal intra-
medullary ependymomas constitute a distinct
phenotypic variant of an altered NF2 gene. Addi-
tional cytogenetic changes have been found in

a significant number of ependymomas. In a series
of 22 childhood ependymomas, loss of chromo-
some 22 was found in two cases, deletion of chro-

mosome 17 in two cases, and rearrangements or
deletions of chromosome 6 in 5 tumors [20]. In an-
aplastic ependymoma, the genetic alterations re-

main largely undefined. A recent study of 23
anaplastic ependymomas revealed LOH 10q in
four cases, but the significance of this finding is

unknown [19].

Clinical features

Spinal cord ependymomas occur commonly in
the cervical region. Children most often present
with pain, which is reported in 42% of cases.
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Motor regression with weakness is present in 36%
of cases, gait abnormality or deterioration in 27%,
torticollis in 27%, and progressive kyphoscoliosis
in 24% [8]. Hydrocephalus occurs with greater fre-

quency than in adult patients and may require
treatment with cerebrospinal fluid diversion [21].

Diagnostic imaging

MRI has greatly improved the preoperative

evaluation of spinal cord tumors. The exact
histologic diagnosis of these tumors, however,
cannot be made by MRI features and patterns

of enhancement (Table 1). Tumor tissue is still re-
quired in virtually all cases to establish a definitive
diagnosis. Because ependymomas originate from
the ependymal walls, they tend to be more central

in location when compared with astrocytomas.
On average, ependymomas span three to four ver-
tebral bodies [22]. The pattern of enhancement is

homogeneous, usually with well-defined borders
(Fig. 1). A ‘‘cap sign’’ is often seen, which corre-
sponds to a low signal intensity area on either

side of the tumor mass itself. The cap represents
hemosiderin deposits secondary to chronic hem-
orrhage [22]. These tumors can present with

subarachnoid hemorrhage on occasion. Ependy-
momas are also frequently associated with large
intramedullary satellite cysts. These can extend
many levels above or below the solid component

of the tumor.
Miyazawa and colleagues [23] reported that the

typical MRI characteristics of ependymoma in-

clude an enhancing border, sharply defined mar-
gins, and a central location in the spinal cord.
Axial postcontrast sequences demonstrate sym-

metric expansion of the spinal cord, unlike astro-
cytoma, in which the pattern of expansion is often
asymmetric or nodular. The study also concluded
that hemorrhage within the tumor, hemosiderin

deposits, or calcifications are more frequent in
ependymomas, which may be attributed the pres-
ence of a highly vascular connective tissue stroma.

Astrocytoma

Epidemiology and pathogenesis

Astrocytomas are the largest group (approxi-
mately 60%) of pediatric IMSCTs [3,24,25]. They
are typically large and mostly located in the tho-

racic region. A cystic component may be present,
although such cysts are commonly intratumoral.
Satellite cysts and secondary hydromyelia may

also be observed [22]. The histology in all age
groups is usually low grade, and high-grade tu-
mors occur in only 10% to 15% of cases [1,26].
In children, the most common IMSCT is the pilo-

cytic astrocytoma, which a well-circumscribed and
often cystic tumor that has an indolent pattern of
growth. Other related tumors that can occur with-

in the spinal cord include ganglioglioma (Fig. 2),
mixed glial tumors, and primitive neuroectoder-
mal tumors.

Low-grade astrocytomas most often present in
the first 2 decades of life, with no clear gender
predilection. In adults, they are mostly encoun-

tered in younger patients (mean age of 29 years),
with a predominance in male patients (63%) [22].
Previous irradiation is known to play a causative
role in the formation of CNS gliomas. Neverthe-

less, few case reports of radiation-induced intra-
medullary astrocytomas exist in the literature.
Grabb and colleagues [27] reported a case of a

radiation-induced spinal cord anaplastic astrocy-
toma in a 20-year-old female patient who pre-
sented with neck pain and new significant

neurologic deficits 17 years after resection of a pos-
terior fossa medullomyoblastoma and craniospi-
nal irradiation.

Familial clustering of astrocytomas is fre-

quently described. These tumors are associated
Table 1

MRI of intramedullary spinal cord tumors

Ependymoma Astrocytoma

Location Centrally located in the spinal cord;

mostly arise in the cervical spine

but can also occur in the conus

in children

Eccentrically located and usually widens the spinal cord;

75% of astrocytomas arise in the cervicothoracic

region, 20% arise in the distal spinal cord,

and 5% arise in the filum terminale

T1 Spinal cord symmetrically expanded;

isointense/hypointense to the spinal cord

Spinal cord asymmetric and ‘‘lumpy’’ in appearance;

isointense/hypointense to the spinal cord

T1 with

contrast

Enhances with contrast but less than

astrocytomas

Ill-defined borders; heterogeneous with partial

contrast enhancement
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Fig. 1. A 13-year-old male patient presented with back pain and bilateral lower extremity weakness. (A) Sagittal T1-

weighted MRI scan with gadolinium revealed a partly cystic, contrast-enhancing, intramedullary tumor extending

from T7 to L3. (B) Postoperative MRI scan confirms that a gross total resection was achieved. The pathologic diagnosis

was consistent with an ependymoma.
with inherited syndromes, such as Li-Fraumeni
syndrome, Turcot syndrome, tuberous sclerosis,
multiple enchondromatosis (Maffucci/Ollier dis-

ease), and neurofibromatosis (NF) [28–30]. The
typical picture of spinal involvement with NF is
the presence of multiple, extramedullary, spinal

nerve root neurofibromas. These tumors can
cause spinal cord compression but are anatomi-
cally outside the spinal cord itself. Lee and co-

workers [31] have reported a series of nine
patients (age range: 4–31 years) with NF who
had developed IMSCTs. Three patients had neu-
rofibromatosis type 1 (NF1), five patients had

NF2, and one patient had an undefined variety.
The pathologic findings of the tumors were also
variable, with five ependymomas, three astrocyto-

mas, and one intramedullary schwannoma re-
ported [31]. Based on these limited data, it is
unclear whether IMSCTs are a subgroup of NF-

associated neoplasms or simply represent higher
tumor predisposition in these patients.

Pathologic findings

Grading

The WHO grading system divides astrocyto-
mas into four groups based upon the area with
the highest degree of anaplasia: grade I (pilocytic

astrocytoma), grade II (diffuse astrocytoma),
grade III (anaplastic astrocytoma), and grade IV
(glioblastoma multiforme).
Histopathology
The pilocytic astrocytoma is characterized by

elongated ‘‘hair’’ cells with a coarse cytoplasmic

process. Intracytoplasmic Rosenthal fibers and
eosinophilic granular bodies are characteristic
but not specific features. Cellular pleomorphism,

vascular proliferation, infiltration of the menin-
ges, and occasional mitoses can also be present
but have no prognostic value and do not represent

malignant features. The diffuse fibrillary astrocy-
toma is an infiltrative tumor that produces fusi-
form enlargement of the cord. The typical features
include hypercellularity, nuclear atypia, and an

infiltrative growth pattern. Mitotic activity is
mostly absent. Three major variants can be
distinguished based on the appearance of the

astrocytes: fibrillary (fibrillary neoplastic astro-
cytes), gemistocytic (a conspicuous although vari-
able fraction of gemistocytic astrocytes), and

protoplasmic (small cell body with few flaccid
processes, a low content of glial filaments, and
scant GFAP expression). Higher grade tumors,

such as anaplastic astrocytoma and glioblastoma
multiforme, have increased cellularity, anaplasia,
and marked mitotic activity.

Molecular biology and cytogenetics

Some astrocytomas are known to lose chromo-
some 17q, which includes the region encoding the
NF1 gene [32]. Screening ofNF1 coding sequences,
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Fig. 2. A 10-year-old male patient presented with decreased dexterity and weakness of the right upper extremity. (A)

Preoperative T1-weighted MRI scan with contrast revealed a cystic intramedullary cervical cord mass from C5 to C7.

A substantial amount of spinal cord edema was present rostral and caudal to the mass. (B) Immediate postoperative

T1-weighted MRI scan confirmed a gross total resection, although the spinal cord edema persisted. The pathologic di-

agnosis was consistent with a ganglioglioma. (C) Postoperative MRI scan obtained 2 years after surgery shows a dimin-

ished volume of spinal cord tissue, although neurologic function remained excellent. (D) Despite a laminoplasty being

performed at the time of surgery, a gradual lordotic curve in the cervical spine is developing as seen on this plain radio-

graph of the cervical spine 2 years later.
such as the GRD region (guanine triphosphate
activating protein-related domain), the only func-

tional region of the NF1 mRNA transcript identi-
fied to date, has failed to detect any mutations.
Current evidence has failed to support a role for

the tumor suppressor gene NF1 in the oncogenesis
of pilocytic astrocytomas [16].

Cytogenetic studies of pilocytic astrocytomas

have revealed a variety of aberrations, but no
specific pattern suggestive of a specific tumor
suppressor gene has been reported. Ransom and
colleagues [33] attempted to locate tumor suppres-

sor genes on chromosome 10 by correlating cyto-
genetic studies and LOH analysis in human
astrocytomas and mixed oligoastrocytomas. Of

53 specimens, 45 were diffuse astrocytomas, 1
was an astroblastoma, and 7 were mixed oligoas-
trocytomas. By cytogenetic analyses the most com-

mon numeric chromosome abnormalities were
þ7, �10, �13, �14, �17, þ19, �22, and �Y.
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The most common structural abnormalities in-
volved chromosome arms 1p, 1q, 5p, and 9p. By
LOH and dosage analysis, the most common mo-

lecular genetic abnormalities were of chromosome
arms 5p, 6p, 7q, 9p, 10p, 10q, 13q, 14q, 17p, and
19p. When the results of all methods were com-
bined, the most commonly abnormal chromo-

somes were, in descending frequency, 10, Y, 17,
7, 13, and 9. In 80% of cases, the cytogenetic and
molecular genetic studies were concordant. The

authors concluded that based on the genetic anal-
yses of these tumors, there may be two regions on
chromosome 10 that may contain tumor suppres-

sor genes [34].

Clinical features

The clinical features of intramedullary astro-
cytomas are similar to those of intramedullary

ependymomas. Gait disturbance, pain, and
sphincter disturbance are the most common
presenting symptoms, whereas reflex changes,

paralysis, and sensory impairment are the most
frequent physical findings [1]. Spinal deformity
can be present in up to 30% of patients [35]. In
a series of 152 spinal cord astrocytomas, Epstein

[36] reported that scoliosis was the most common
early sign in 34 cases of thoracic tumors, whereas
torticollis was present in 21 cases of cervical spine

astrocytomas. Tumors involving the cervicome-
dullary junction can present with unusual symp-
toms. If the medulla is involved, children can

develop (1) failure to thrive because of nausea,
vomiting, choking, and dysphagia; (2) frequent
respiratory tract infections from chronic aspira-
tion; (3) dysphonia and dysarthria; and (4) sleep

apnea from respiratory center involvement. If
the tumor arises from the cervical cord, children
can present with neck pain, torticollis, slowly

evolving motor deficits, muscle atrophy, dyses-
thesias, hyperreflexia and, occasionally, hydro-
cephalus [37,38].

Diagnostic imaging

As with all spinal cord tumors, MRI is the
diagnostic tool of choice. Astrocytomas are com-
monly located eccentrically within the spinal cord

(see Table 1). On imaging, there is heterogeneous,
moderate, and partial contrast enhancement after
administration of gadolinium, with ill-defined

borders [22]. Approximately 75% of astrocytomas
occur in the cervicothoracic region, 20% occur in
the distal spinal cord, and 5% occur in the filum
terminale [39]. Whereas the mean size of an epen-
dymoma corresponds to a mean extent of 3 to 4
vertebral bodies, astrocytomas are, in general,

much more extensive, with some series reporting
a mean span of 5.6 vertebral bodies (minimum
of 2 vertebral bodies, maximum of 19 vertebral
bodies) [22].

Management of ependymomas and astrocytomas

The treatment of choice for intramedullary

tumors, ependymomas, and astrocytomas is sur-
gical resection. The resection is aided by motor
and sensory evoked potential monitoring. Gross

total resection can be achieved in most ependy-
momas and is likely to result in cure [21]. In con-
trast, astrocytomas are infiltrating neoplasms, and

gross total resection is only occasionally possible
in the pediatric population. The outcome for
low-grade astrocytomas is better in children than
in adults, but the outcome is not as favorable as

that for ependymomas. The role of radical resec-
tion of low-grade fibrillary astrocytomas of the
spinal cord in children has not been definitively

demonstrated in the literature [21].

Surgery

Surgical approach

The operative exposure is centered on the solid
part of the tumor as identified by preoperative
MRI. The preferred technique in children is

osteoplastic laminotomy, removal of the laminar
roof in one piece, and replacement at the end of
the case [21]. This preserves the posterior tension
band, restores normal anatomy, and may result

in bony fusion of the reapproximated lamina
[40]. There is evidence that this technique results
in a reduced incidence of postoperative spinal de-

formity, although it does not guarantee the avoid-
ance of this complication (see Fig. 2) [2].
Intraoperative ultrasound is crucial to verify that

the rostral-caudal bony exposure is sufficient to
expose the entire solid component of the tumor
[41,42]. More important, intraoperative ultra-
sound was shown to reduce the extent of the lam-

inectomy, dural opening, and myelotomy needed
for resection [43].

Neuromonitoring-assisted tumor removal

Neuromonitoring assistance is of value during
the resection of pediatric spinal cord tumors;
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however, in general, the consistency of recordings
can vary, especially in extremely young children.
Conventional orthodromic somatosensory evoked
potentials (SSEPs) are used to measure dorsal

column function during surgery [4]. Excessive
traction or injury to the spinal cord results in a re-
duction of these potentials. Antidromic-elicited

SSEPs assist in the planning of the initial myelot-
omy [44]. This type of recording is performed by
stimulating along the posterior surface of the spi-

nal cord while recording evoked responses in the
extremities. A stimulating electrode is applied to
the area of the dorsal columns, beginning laterally

and then moving toward midline. Sites where
stimulation evokes no SSEPs are then marked
‘‘septum,’’ indicating the optimal electrical site
of the myelotomy.

A number of other techniques are used to
reduce the likelihood of postoperative neurologic
deficits. These include transcranial epidural motor

evoked potentials (MEPs) and/or transcranial
muscle MEPs [45]. Direct stimulation of the spinal
cord is also possible with simultaneous recordings

of extremity electromyographic (EMG) record-
ings. This technique helps to differentiate tumor
from spinal cord and prevents damage to the cor-

ticospinal tracts [44]. Additional details regarding
neuromonitoring are available elsewhere in this
issue.

Radiation therapy

Radiation therapy has played a limited role in
the primary management of IMSCTs in children

because of potentially debilitating side effects.
CNS irradiation can cause growth retardation,
endocrine dysfunction, decreased IQ, radionecro-

sis, vasculopathy, and alopecia [46]. Some investi-
gators advocate that radiotherapy should be
reserved for incompletely resected tumors and

for high-grade astrocytomas.
In a recent review of the literature regarding

radiation therapy and the management of
IMSCTs, Isaacson [47] concluded that low-grade

completely resected astrocytomas should be fol-
lowed by serial imaging studies. Low-grade astro-
cytomas with incomplete resection seem to benefit

from postoperative radiation. For high-grade as-
trocytomas of the spine, some authors recom-
mend aggressive surgical resection followed by

radiotherapy, but these tumors can relapse early.
Isaacson [47] recommended that all high-grade as-
trocytomas be treated with radiation.
Literature supporting the use of radiotherapy
for intramedullary spinal cord ependymoma in
children is scarce and inconclusive [47]. Nagib and
O’Fallon [48] treated three children aged 7, 8, and

13 years for conus medullaris myxopapillary epen-
dymoma over a 2-year period, with a 24-month
follow-up. One of these children received radia-

tion therapy after a recurrence. Based on this pa-
tient and on a literature review addressing this
type of tumor in 11 other children, the authors

concluded that the gross feature of myxopapillary
ependymoma allowing for complete resectability
seems to be the key prognostic factor and that ra-

diotherapy seemed to have no proven value in
completely resected conus medullaris myxopapil-
lary ependymoma tumors in children.

In his review of the literature, Isaacson [47]

concludes that patients with gross total resection
of low-grade ependymomas with no evidence of
disease should be observed with serial imaging

studies. High-grade and multifocal benign epen-
dymomas should be given adjuvant radiation
therapy. Complete imaging of the neuraxis and ce-

rebrospinal fluid analysis should be obtained to
assist in the decision-making process. Isaacson’s
specific radiation therapy guidelines are as fol-

lows: (1) low-grade astrocytoma and low-grade
ependymoma residual disease after surgery should
be prescribed a total dose of 5040 cGy in 180-cGy
fractions over 28 treatment days using external

beam radiation therapy (EXBRT); (2) for high-
grade astrocytomas, despite complete resection,
the treatment recommended is the same (5040

cGy with 180-cGy fractions with EXBRT); and
(3) malignant ependymomas and benign multifo-
cal ependymomas are treated with a locally deliv-

ered dose of 5040 to 5400 cGy in 28 to 30
fractions, with occasional consideration of radia-
tion to the neuraxis [47].

Chemotherapy

Chemotherapy for the treatment of IMSCTs as
an adjunct to surgery, radiotherapy, or both is not

standardized. Adjuvant chemotherapy may play
an important role in children younger than 3 years
of age, mainly in an effort to delay radiotherapy

[49]. Chemotherapy guidelines for IMSCTs are
mainly based on the clinical experience with intra-
cranial low-grade gliomas. As with radiother-

apy, no randomized trials have been performed
and only anecdotal reports and small series are
reported [50–53].
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Lowis and coworkers [52] described two chil-
dren with astrocytomas. The first child, a 19-
month-old with an anaplastic astrocytoma of the

cervical spinal cord, progressed rapidly after ini-
tial partial resection. Chemotherapy was given ac-
cording to the United Kingdom Children’s Cancer
Study Group Baby Brain Protocol [54], with

marked clinical improvement. This regimen com-
prised cycles of chemotherapy (carboplatin, vin-
cristine, cyclophosphamide, methotrexate, and

cisplatin) given every 2 weeks, regardless of count,
for a period of 1 year. No apparent disease re-
mained at the end of treatment [52]. The second

child was 4 years old and had a recurrent low-
grade astrocytoma. Chemotherapy was given for
3 months according to an International Society
of Pediatric Oncology protocol for low-grade gli-

omas. This regimen consisted of cycles of carbo-
platin and vincristine administered every 3 weeks
and vincristine administered weekly for the first

10 weeks. This was followed by carboplatin
and vincristine administered every 4 weeks up to
1 year. Marked tumor regression was observed,

accompanied by neurologic recovery. The authors
concluded that these patients demonstrate the po-
tential value and low morbidity of chemotherapy

in spinal cord astrocytoma [52].
A study by Hassall and colleagues [51] reported

responses to carboplatin in three patients with pro-
gressive low-grade spinal cord gliomas. The diag-

noses of the tumors were juvenile pilocytic
astrocytomas (n ¼ 2) and ganglioglioma (n ¼ 1).
With a mean follow-up of 27 months, one patient

had a complete response, one patient had a partial
response, and one patient had stable disease [51].
The potential role of chemotherapy in the man-

agement of spinal cord astrocytoma remains to
be defined.

Outcome

Different studies have consistently demon-
strated that there are only two significant predic-
tors of outcome in patients with IMSCTs: the

histologic grade of the tumor and the preoperative
neurologic status at the time of surgery [55]. In
general, patients with ependymoma have a more
favorable outcome than those with low-grade as-

trocytoma (WHO grade II). In a series of 21 pa-
tients, Sandler and coworkers [56] reported a
5-year survival rate of 57% in patients with grade

I or II spinal cord astrocytoma. Patients with pilo-
cytic astrocytoma, the most common spinal cord
tumor found in children, have an even more fa-
vorable prognosis [21]. Patients with malignant
astrocytomas do poorly, with no correlation be-

tween the extent of resection and survival. In
one study of 19 patients with malignant astrocyto-
mas of the spinal cord, median survival was only 6
months. At the time of publication, 15 (79%) of

the 19 patients in the series had died. Although
all underwent radical excision, none of the pa-
tients improved after their operations. Hydro-

cephalus and dissemination of disease occurred
in most patients [57]. Some data, however, suggest
that surgery for malignant spinal astrocytomas is

not always futile. In one study of 18 children
with spinal astrocytomas, gross total resection
was achieved in 5, including 3 with anaplastic tu-
mors. All 5 of the patients in whom gross total re-

section was achieved were alive and disease-free
between 12 and 18 years after treatment [58].

The prognosis and outcome of patients with

intramedullary ependymomas mainly depend on
the extent of the original resection. Ependymomas
are slow-growing tumors, and late recurrence has

been seen up to 12 years after surgery as reported
at our institution [59]. Gross total resection of be-
nign intramedullary ependymomas more com-

monly results in long-term tumor control or cure
than does subtotal resection and radiation therapy
[55,60–62]. Some authors have reported up to
100% recurrence-free survival after gross total re-

section [62], whereas others have reported recur-
rence rates of 5% to 10% [63,64]. The current
consensus is that gross total resection is the

most efficacious treatment and that radiation ther-
apy is unnecessary if complete removal has been
accomplished [17,62,63,65,66].

Summary

Although spinal cord tumors are rare, early
diagnosis plays an important role in the manage-

ment of these lesions and is an important factor in
prognosis and outcome. In the pediatric popula-
tion, low-grade astrocytomas predominate; epen-

dymomas increase in frequency with ascending
age and are the most frequent IMSCT in adults.
Unexplained and intractable lumbar pain in child-
hood should be investigated with a high-quality

MRI scan. Postoperative baseline MRI and reg-
ular sequential imaging studies are essential for
long-term follow-up in patients who have un-

dergone resection of an IMSCT. The mainstay
of treatment to date for IMSCTs is surgery.
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Electrophysiologic monitoring has proven to be
a useful adjunct in aiding the resection of these
lesions. In the future, appropriate management of
these lesions is likely to involve a more complete

understanding of their molecular genetics.

References

[1] DeSousa AL, Kalsbeck JE, Mealey J Jr, et al. Intra-

spinal tumors in children. A review of 81 cases.

J Neurosurg 1979;51:437–45.

[2] Constantini S, Epstein F. Intraspinal tumors in chil-

dren and infants. In: Youmans J, editor. Neurologi-

cal surgery. Philadelphia: WB Saunders; 1995. p.

3132–67.

[3] Epstein F, Ragheb J. Intramedullary tumors of the

spinal cord. In: CheekW, editor. Pediatric neurosur-

gery: surgery of the developing nervous system. Phil-

adelphia: WB Saunders; 1994. p. 446–57.

[4] Goh K,Muszynski C, Teo J, et al. Excision of spinal

intramedullary tumors. In: Kaye A, Black P, editors.

Operative neurosurgery. London: Churchill Living-

stone; 2000. p. 1947–59.

[5] Brotchi J, Noterman J, Baleriaux D. Surgery of

intramedullary spinal cord tumours. ActaNeurochir

(Wien) 1992;116:176–8.

[6] Goh KY, Velasquez L, Epstein FJ. Pediatric intra-

medullary spinal cord tumors: is surgery alone

enough? Pediatr Neurosurg 1997;27:34–9.

[7] Zileli M, Coskun E, Ozdamar N, et al. Surgery of

intramedullary spinal cord tumors. Eur Spine J

1996;5:243–50.

[8] Constantini S, Houten J, Miller DC, et al. Intrame-

dullary spinal cord tumors in children under the age

of 3 years. J Neurosurg 1996;85:1036–43.

[9] Brotchi J, Dewitte O, Levivier M, et al. A survey of

65 tumors within the spinal cord: surgical results and

the importance of preoperative magnetic resonance

imaging. Neurosurgery 1991;29:651–6 [discussion:

656–7].

[10] Fine MJ, Kricheff II, Freed D, et al. Spinal cord

ependymomas: MR imaging features. Radiology

1995;197:655–8.

[11] Miller DC. Surgical pathology of intramedullary spi-

nal cord neoplasms. J Neurooncol 2000;47:189–94.

[12] Huang H, Reis R, Yonekawa Y, et al. Identification

in human brain tumors of DNA sequences specific

for SV40 large T antigen. Brain Pathol 1999;9:33–42.

[13] Salewski H, Bayer TA, Eidhoff U, et al. Increased

oncogenicity of subclones of SV40 large T-induced

neuroectodermal tumor cell lines after loss of large

T expression and concomitantmutation in p53. Can-

cer Res 1999;59:1980–6.

[14] Egelhoff JC, Bates DJ, Ross JS, et al. Spinal MR

findings in neurofibromatosis types 1 and 2. AJNR

Am J Neuroradiol 1992;13:1071–7.

[15] Birch BD, Johnson JP, Parsa A, et al. Frequent type

2 neurofibromatosis gene transcript mutations in
sporadic intramedullary spinal cord ependymomas.

Neurosurgery 1996;39:135–40.

[16] Kleihues P, Cavenee WK, editors. International

Agency for Research on Cancer. Pathology and ge-

netics of tumours of the nervous system. Lyon

(France): IARC Press; 2000.

[17] McLaughlin MP, Marcus RB Jr, Buatti JM, et al.

Ependymoma: results, prognostic factors and treat-

ment recommendations. Int J Radiat Oncol Biol

Phys 1998;40:845–50.

[18] von Haken MS, White EC, Daneshvar-Shyesther L,

et al.Molecular genetic analysis of chromosome arm

17p and chromosome arm 22q DNA sequences in

sporadic pediatric ependymomas. Genes Chromo-

somes Cancer 1996;17:37–44.

[19] Ebert C, von HakenM, Meyer-Puttlitz B, et al. Mo-

lecular genetic analysis of ependymal tumors. NF2

mutations and chromosome 22q loss occur preferen-

tially in intramedullary spinal ependymomas. Am

J Pathol 1999;155:627–32.

[20] Kramer DL, Parmiter AH, Rorke LB, et al. Molec-

ular cytogenetic studies of pediatric ependymomas.

J Neurooncol 1998;37:25–33.

[21] Houten JK, Weiner HL. Pediatric intramedullary

spinal cord tumors: special considerations. J Neuro-

oncol 2000;47:225–30.

[22] BaleriauxDL. Spinal cord tumors. Eur Radiol 1999;

9:1252–8.

[23] MiyazawaN, HidaK, Iwasaki Y, et al. MRI at 1.5 T

of intramedullary ependymoma and classification of

pattern of contrast enhancement. Neuroradiology

2000;42:828–32.

[24] Reimer R, Onofrio BM. Astrocytomas of the spinal

cord in children and adolescents. J Neurosurg 1985;

63:669–75.

[25] Rossitch E Jr, Zeidman SM, Burger PC, et al. Clin-

ical and pathological analysis of spinal cord astrocy-

tomas in children. Neurosurgery 1990;27:193–6.

[26] Allen JC, Aviner S, Yates AJ, et al. Treatment of

high-grade spinal cord astrocytoma of childhood

with ‘‘8-in-1’’ chemotherapy and radiotherapy: a pi-

lot study of CCG-945. Children’s Cancer Group.

J Neurosurg 1998;88:215–20.

[27] Grabb PA, Kelly DR, Fulmer BB, et al. Radiation-

induced glioma of the spinal cord. Pediatr Neuro-

surg 1996;25:214–9.

[28] Frappaz D, Ricci AC, Kohler R, et al. Diffuse brain

stem tumor in an adolescent with multiple enchon-

dromatosis (Ollier’s disease). Childs Nerv Syst

1999;15:222–5.

[29] Mellon CD, Carter JE, Owen DB. Ollier’s disease

and Maffucci’s syndrome: distinct entities or a con-

tinuum. Case report: enchondromatosis compli-

cated by an intracranial glioma. J Neurol 1988;

235:376–8.

[30] van Nielen KM, de Jong BM. A case of Ollier’s

disease associated with two intracerebral low-

grade gliomas. Clin Neurol Neurosurg 1999;101:

106–10.



60 AUGUSTE & GUPTA
[31] Lee M, Rezai AR, Freed D, et al. Intramedullary

spinal cord tumors in neurofibromatosis. Neurosur-

gery 1996;38:32–7.

[32] von Deimling A, Louis DN,Menon AG, et al. Dele-

tions on the long arm of chromosome 17 in pilocytic

astrocytoma. Acta Neuropathol (Berl) 1993;86:

81–5.

[33] Ransom DT, Ritland SR, Kimmel DW, et al.

Cytogenetic and loss of heterozygosity studies in

ependymomas, pilocytic astrocytomas, and oligo-

dendrogliomas. Genes Chromosomes Cancer 1992;

5:348–56.

[34] Ransom DT, Ritland SR, Moertel CA, et al. Corre-

lation of cytogenetic analysis and loss of heterozy-

gosity studies in human diffuse astrocytomas and

mixed oligo-astrocytomas. Genes Chromosomes

Cancer 1992;5:357–74.

[35] Steinbok P, Cochrane DD, Poskitt K. Intramedul-

lary spinal cord tumors in children. Neurosurg

Clin N Am 1992;3:931–45.

[36] EpsteinF. Intraaxial tumorof the spinal cordandcer-

vicomedullary junction in children. In: Hoffman HJ,

editor. Advances in pediatric neurosurgery. Philadel-

phia: Hanley & Belfus; 1986. p. 17–34.

[37] Abbott R. Tumors of the medulla. Neurosurg Clin

N Am 1993;4:519–27.

[38] Robertson PL, Allen JC, Abbott IR, et al. Cervico-

medullary tumors in children: a distinct subset of

brainstem gliomas. Neurology 1994;44:1798–803.

[39] Osborn AG. Diagnostic neuroradiology. St. Louis

(MO): Mosby; 1994.

[40] Raimondi AJ, Gutierrez FA, Di Rocco C. Laminot-

omy and total reconstruction of the posterior spinal

arch for spinal canal surgery in childhood. J Neuro-

surg 1976;45:555–60.

[41] Brunberg JA, DiPietro MA, Venes JL, et al. Intra-

medullary lesions of the pediatric spinal cord: corre-

lation of findings from MR imaging, intraoperative

sonography, surgery, and histologic study. Radiol-

ogy 1991;181:573–9.

[42] Raghavendra BN, Epstein FJ, McCleary L. Intra-

medullary spinal cord tumors in children: localiza-

tion by intraoperative sonography. AJNR Am J

Neuroradiol 1984;5:395–7.

[43] Maiuri F, Iaconetta G, Gallicchio B, et al. Intra-

operative sonography for spinal tumors. Correla-

tions with MR findings and surgery. J Neurosurg

Sci 2000;44:115–22.

[44] Quinones-Hinojosa A, Lyon R, Gulati M, et al.

Spinal cord mapping as an adjunct for resection of

intramedullary tumors. Presented at the 30th An-

nualMeeting of theAmericanAssociation ofNeuro-

logical Surgeons and Congress of Neurological

Surgeons Section on Pediatric Neurological Surgery.

November 28–December 1, 2001, New York, 2001.

[45] Kothbauer K, Deletis V, Epstein FJ. Intraoperative

spinal cord monitoring for intramedullary surgery:

an essential adjunct. Pediatr Neurosurg 1997;26:

247–54.
[46] Avizonis VN, Fuller DB, Thomson JW, et al. Late

effects following central nervous system radiation

in a pediatric population. Neuropediatrics 1992;23:

228–34.

[47] Isaacson SR. Radiation therapy and the manage-

ment of intramedullary spinal cord tumors. J Neuro-

oncol 2000;47:231–8.

[48] Nagib MG, O’Fallon MT. Myxopapillary ependy-

moma of the conus medullaris and filum terminale

in the pediatric age group. Pediatr Neurosurg

1997;26:2–7.

[49] Prados MD, Edwards MS, Rabbitt J, et al. Treat-

ment of pediatric low-grade gliomas with a nitro-

sourea-based multiagent chemotherapy regimen.

J Neurooncol 1997;32:235–41.

[50] Doireau V, Grill J, Zerah M, et al. Chemotherapy

for unresectable and recurrent intramedullary glial

tumours in children. Brain Tumours Subcommittee

of the French Society of Paediatric Oncology

(SFOP). Br J Cancer 1999;81:835–40.

[51] Hassall TE, Mitchell AE, Ashley DM. Carboplatin

chemotherapy for progressive intramedullary spinal

cord low-grade gliomas in children: three case stud-

ies and a review of the literature. Neurooncol 2001;3:

251–7.

[52] Lowis SP, Pizer BL, Coakham H, et al. Chemother-

apy for spinal cord astrocytoma: can natural history

be modified? Childs Nerv Syst 1998;14:317–21.

[53] Merchant TE, Kiehna EN, Thompson SJ, et al. Pe-

diatric low-grade and ependymal spinal cord

tumors. Pediatr Neurosurg 2000;32:30–6.

[54] Lashford LS, Campbell RH,GattamaneniHR, et al.

An intensive multiagent chemotherapy regimen for

brain tumours occurring in very young children.

Arch Dis Child 1996;74:219–23.

[55] Cristante L, Herrmann HD. Surgical management

of intramedullary spinal cord tumors: functional

outcome and sources of morbidity. Neurosurgery

1994;35:69–74.

[56] Sandler HM, Papadopoulos SM, Thornton AF Jr,

et al. Spinal cord astrocytomas: results of therapy.

Neurosurgery 1992;30:490–3.

[57] Cohen AR,Wisoff JH, Allen JC, et al. Malignant as-

trocytomas of the spinal cord. J Neurosurg 1989;70:

50–4.

[58] Przybylski GJ, Albright AL, Martinez AJ. Spinal

cord astrocytomas: long-term results comparing

treatments in children. Childs Nerv Syst 1997;13:

375–82.

[59] Linstadt DE, Wara WM, Leibel SA, et al. Postoper-

ative radiotherapy of primary spinal cord tumors.

Int J Radiat Oncol Biol Phys 1989;16:1397–403.

[60] Epstein FJ, Farmer JP, Freed D. Adult intramedul-

lary spinal cord ependymomas: the result of surgery

in 38 patients. J Neurosurg 1993;79:204–9.

[61] Hoshimaru M, Koyama T, Hashimoto N, et al.

Results of microsurgical treatment for intramedul-

lary spinal cord ependymomas: analysis of 36 cases.

Neurosurgery 1999;44:264–9.



61PEDIATRIC INTRAMEDULLARY SPINAL CORD TUMORS
[62] McCormick PC, Torres R, Post KD, et al. Intrame-

dullary ependymoma of the spinal cord. JNeurosurg

1990;72:523–32.

[63] Cooper PR. Outcome after operative treatment of

intramedullary spinal cord tumors in adults: inter-

mediate and long-term results in 51 patients. Neuro-

surgery 1989;25:855–9.

[64] Guidetti B, Mercuri S, Vagnozzi R. Long-term

results of the surgical treatment of 129
intramedullary spinal gliomas. J Neurosurg 1981;

54:323–30.

[65] McLaughlin MP, Buatti JM, Marcus RB Jr, et al.

Outcome after radiotherapy of primary spinal cord

glial tumors. Radiat Oncol Investig 1998;6:276–80.

[66] Wen BC, HusseyDH,Hitchon PW, et al. The role of

radiation therapy in the management of ependymo-

mas of the spinal cord. Int J Radiat Oncol Biol Phys

1991;20:781–6.


	Pediatric Intramedullary Spinal Cord Tumors
	Ependymoma
	Epidemiology and pathogenesis
	Pathologic findings
	Grading
	Histopathology
	Molecular biology and cytogenetics

	Clinical features
	Diagnostic imaging

	Astrocytoma
	Epidemiology and pathogenesis
	Pathologic findings
	Grading
	Histopathology
	Molecular biology and cytogenetics

	Clinical features
	Diagnostic imaging

	Management of ependymomas and astrocytomas
	Surgery
	Surgical approach
	Neuromonitoring-assisted tumor removal

	Radiation therapy
	Chemotherapy
	Outcome
	Summary
	References


