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History
A 12-year-old boy presented with severe head-
ache and acute onset of vomiting. The patient
had a 6-year history of chronic headaches and had
repeatedly been treated for sinusitis, with variable
success. Physical neurologic examination showed
a well-oriented patient with good coordination
and normal reflexes. No laboratory abnormalities
were noted. Results of chest radiography and
electrocardiography were normal.

Imaging Findings
Initially, unenhanced computed tomography
(CT) of the brain was performed. A large lesion
(9.5 � 6 cm) was revealed in the left cerebral
hemisphere. The lesion showed mass effect, large

internal calcifications, and scalloping of the inter-
nal cortex of the parietal bone (Fig 1).

Subsequently, magnetic resonance (MR) im-
aging was performed. On unenhanced T1-
weighted images, the tumor was iso- to hypoin-
tense compared to the surrounding tissue and
contained some small central hyperintense areas,
which probably represented intratumoral hemor-
rhage (Fig 2a). On T2-weighted and fluid-attenu-
ated inversion recovery (FLAIR) images, the tu-
mor was heterogeneous with a striking lack of sur-
rounding edema (Fig 2b, 2c). In the anterior
portion of the tumor, T2-weighted images
showed hypointense areas that represented
calcifications. More posteriorly, hyperintense
areas consistent with necrosis could be ob-
served. On gadolinium-enhanced T1-weighted
images, the tumor showed intermediate contrast
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Figure 1. (a) Axial unenhanced CT scan of the brain shows a large (9.5 � 6 cm) space-
occupying lesion in the left cerebral hemisphere (arrows) with mass effect and large internal
calcifications. (b) Axial unenhanced CT scan of the brain (bone window) shows scalloping
of the internal cortex of the parietal bone (arrows) and the calcifications in the tumor.
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Figure 2. (a) Axial T1-weighted image
shows that the tumor is iso- to hypoin-
tense. Arrows � hyperintense areas consis-
tent with hemorrhage. (b) Axial T2-
weighted image shows that the tumor is
largely heterogeneous with hypointense
areas representing calcifications (top ar-
row) and hyperintense areas consistent
with necrosis (bottom arrow). (c) Axial
FLAIR image shows that the tumor is
moderately hyperintense with central areas
of high signal intensity due to necrosis (ar-
rows). (d, e) Coronal (d) and axial (e)
gadolinium-enhanced T1-weighted images
show moderate enhancement of the tumor
with nonenhancing areas of necrosis (black
arrows). White arrows � invasion of the
overlying meninges and bone.
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enhancement with multiple nonenhancing areas
of necrosis, mainly in the posterior portion of the
tumor (Fig 2d, 2e). There was invasion of the
overlying meninges and scalloping of the internal
cortex of the parietal bone.

Pathologic Evaluation
Surgical resection of the tumor was performed.
The tumor had broken through the dura and had
invaded the internal cortex of the parietal bone.

At gross examination of the resection speci-
men, the tumor was lobulated (size, 8 � 5 � 5
cm; weight, 151 g) and the cut surface was soft
and grayish red, with a few white necrotic foci and
areas of hemorrhage (Fig 3). Furthermore, two
rather distinct components could be identified: a
clearly calcified posterior part and a soft and pink
anterior part.

Histologic examination confirmed the lobular
architecture and revealed a moderately cellular to
paucicellular tumor with numerous dystrophic
calcifications and multiple zones with necrosis or
degeneration with fibrosis or hemorrhage (Fig
4a). The cytoplasm was eosinophilic and the nu-
clei were round and fairly uniform, most often
with a finely distributed chromatin and small
nucleoli. Mitotic figures were occasionally identi-
fied. The tumor was highly vascularized with nu-
merous branching and thin-walled vessels, typi-
cally surrounded by acellular and fibrillar zones
(pseudorosettes) (Fig 4b).

Discussion
Ependymomas are glial tumors derived from dif-
ferentiated ependymal cells lining the ventricles of
the brain and the central canal of the spinal cord
(1,2). They are common neoplasms, constituting
3%–9% of all neuroepithelial neoplasms, 6%–
12% of all pediatric brain tumors, and almost
one-third of all brain tumors in patients younger
than 3 years (3). Forty percent of ependymomas
are supratentorial, while 60% are infratentorial in
location (4). Ependymomas may manifest at any
age (documented age ranges from 1 month to 81
years) with no gender predilection. The posterior
fossa ependymoma arises most often in children
(mean age, 6 years). The supratentorial ependy-
moma generally manifests in an older age group
(mean age, 18–24 years) (3).

The supratentorial ependymoma has a differ-
ent clinical and radiologic presentation than its
infratentorial counterpart. The infratentorial
ependymoma, due to its intraventricular location,
will clinically manifest earlier secondary to in-
creased intracranial pressure and hydrocephalus.
Hydrocephalus nearly always occurs when an in-
fratentorial ependymoma is present. This is not
the case with the supratentorial ependymoma (5).
Patients with supratentorial ependymomas tend
to present with focal neurologic deficits, head-
ache, and seizures (3).

Radiologically, the supratentorial ependy-
moma is more commonly seated in the brain pa-
renchyma than the infratentorial ependymoma,
which is more often located intraventricularly
(5,6). Swartz et al (7) reported that 83% of supra-
tentorial ependymomas are located in the cerebral
parenchyma. It is speculated that ependymomas
may arise from embryonic rests of ependymal tis-
sue trapped in the developing cerebral hemi-
spheres (3). Owing to its parenchymal location,
the supratentorial ependymoma tends to be larger
in size than its infratentorial counterpart. Arming-
ton et al (5) found that 94% of supratentorial tu-
mors manifest with a size larger than 4 cm, while
most infratentorial ependymomas are significantly
smaller at presentation. Supratentorial ependy-
momas often contain a cystic component, while
infratentorial ependymomas are often more solid
tumors (5,8). Calcification, ranging from small
punctate foci to large masses, is very common in
both infra- and supratentorial ependymomas
(40%–80% of cases) (3,8). In this case, there was
no cystic component.

Figure 3. Photograph of the resected specimen
shows that the tumor is lobulated with two fairly dis-
tinct areas: a soft, pink anterior component (left) and a
posterior component (right) that clearly has areas of
necrosis (top arrow) and hemorrhage (bottom arrow).
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Infratentorial and supratentorial ependymo-
mas have the same imaging characteristics at CT
and MR imaging. The lesions are iso- to slightly
hypoattenuating to surrounding normal brain
tissue at unenhanced CT (2,5,6,8). They are iso-
to hypointense relative to normal white matter on
unenhanced T1-weighted MR images and hyper-
intense on T2- and proton-density–weighted MR
images. Foci of signal heterogeneity within a solid
neoplasm represent methemoglobin, hemosid-
erin, necrosis, or calcification (4,6). Ependymo-
mas can display variable contrast enhancement
behavior but generally enhance moderately in-
tensely at both CT and MR imaging, with central
areas of necrosis (1,2,5). The differential diagno-
sis for lesions with the appearance of an extraven-
tricular supratentorial ependymoma should in-
clude astrocytoma (both low grade and glioblas-
toma multiforme), supratentorial primitive
neuroectodermal tumor, ganglioglioma-cytoma,
and oligodendroglioma (4,5,7).

At histologic analysis, ependymomas are mod-
erately cellular tumors with rare mitotic figures.
The tumor cells are characteristically organized in

perivascular pseudorosettes and, less commonly,
ependymal rosettes. They are considered World
Health Organization (WHO) grade II lesions (3).

The 5-year progression-free rate for children
overall is about 50%. The 5- and 10-year survival
rates for adults are 57.1% and 45%, respectively
(3,9). There are three major factors that were
found to have a significant impact on outcome.
The presence of radiologic residual disease, seen
at postoperative MR imaging or CT, is the most
important prognostic variable. Of patients with
no radiologic evidence of residual tumor, 75% �
15% will remain tumor free after 5 years as op-
posed to the group of patients with residual dis-
ease in which progression cannot be stopped (10).
Age at presentation is also a significant prognostic
factor (10). Patients younger than 3 years have a
significantly worse outcome than older children
(9–11). The last prognostic variable is the dura-
tion of symptoms before diagnosis. Patients with
a duration of symptoms before diagnosis of less
than 1 month have a worse outcome than those

Figure 4. (a) Low-power photomicrograph (original magnification, �40; hematoxylin-eosin stain) shows that the
tumor is moderately cellular with necrotic and fibrotic transformed areas (white arrows) and numerous dystrophic
calcifications (black arrows). (b) High-power photomicrograph (original magnification, �200; hematoxylin-eosin
stain) shows that the tumor is moderately cellular and highly vascularized with numerous branching thin-walled ves-
sels (arrowhead). Some of the vessels are typically surrounded by a fibrillar and acellular zone (pseudorosettes)
(arrows).
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with a more protracted course (9). In general,
patients with supratentorial ependymomas have a
better survival rate than patients with posterior
fossa ependymomas (3,11).

The treatment of choice is total radical resec-
tion. Radical surgery alone is a reasonable option
as the initial treatment for solid extraventricular
tumors located far from clinically eloquent brain
areas. Postoperative radiation therapy must be
administered in every case of partially resected
ependymomas as well as for those extraventricu-
lar ependymomas that are cystic or located near
eloquent brain areas, even after apparently total
resection. The “prophylactic” use of spinal irra-
diation is not necessary in supratentorial ependy-
momas of children and young adults.

The patient in this case was treated with radi-
cal tumorectomy and postoperative radiation
therapy. There was no evidence of residual tumor
at postoperative imaging. The patient had an un-
eventful recovery and was discharged. After 9
months, the patient was tumor free at clinical and
radiologic examination.
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