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PURPOSE: To characterize the MR findings of glioblastoma multiforme in the posterior fossa.
METHODS: MR studies of nine patients with surgically proved posterior fossa glioblastoma mul-
tiforme were retrospectively evaluated. MR characteristics studied included tumor location, signal
intensity, enhancement pattern, and presence of intratumoral hemorrhage, as well as presence of
secondary hydrocephalus or metastatic spread. RESULTS: The tumors were located in the median
portion of the cerebellum or brain stem in eight cases. Six extended into the fourth ventricle.
Hydrocephalus was seen in four cases. Six cases demonstrated decreased T1- and increased
T2-weighted signal intensities. Three cases demonstrated mixed signal intensities suggesting
intratumoral hemorrhage. All of the eight patients who received contrast showed moderate to
marked heterogeneous ringlike enhancement suggesting intratumoral necrosis. Multicentric/mul-
tifocal lesions or extraaxial metastases were identified in three of the nine cases, and there was
extracranial extension into the cervical region in one case. CONCLUSION: Glioblastoma multi-
forme is a rare tumor in the posterior fossa. Differentiating it from metastatic tumor or malignant
astrocytoma was difficult. However, combination of heterogeneous and ringlike enhancement,
midline location, poorly defined margin, tumoral hemorrhage, concomitant multicentric/multifocal
lesions, and extraaxial or extracranial metastasis may be clues for the prospective diagnosis of
glioblastoma multiforme.

Index terms: Glioblastoma multiforme; Posterior fossa, magnetic resonance; Posterior fossa,
neoplasms
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Glioblastoma multiforme usually arises in the
supratentorial region; it rarely occurs in the pos-
terior fossa, although its prevalence is unknown
(1–3). There have been several reports of its
occurrence in the cerebellum (4–10) or brain
stem (11–13); a few reports have described the
computed tomographic (CT) findings of cere-
bellar glioblastomas (5–7).
The purpose of the present study is to analyze

the magnetic resonance (MR) findings of nine
patients with glioblastoma multiforme of the
cerebellum and the brain stem.
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Materials and Methods
From 1986 to 1993, 236 patients were diagnosed at our

institution as having glioblastoma multiforme. Among
them, 9 patients had histologically proved glioblastoma
multiforme in the posterior fossa. Pathologic specimens
were obtained from the resected tumors in 6 cases, and
from excisional biopsies in 3. The histologic diagnoses
were made according to characteristic findings on light
microscopy, including moderate to marked hypercellular-
ity, moderate and marked pleomorphism, and necrosis
with or without pseudopalisading. Tumor necrosis was an
indispensable factor in differentiating glioblastoma multi-
forme from anaplastic astrocytoma (14).

MR studies were performed on 1.5-T units in seven
cases and at 1.0-T in two. T1-weighted images with 400–
600/20–28/2 (repetition time/echo time/excitations) and
T2-weighted images with 2000–2500/56–100/1 were ob-
tained in all patients. Contrast MR studies using gado-
pentetate dimeglumine (0.1 mmol/kg) intravenously were
performed in eight of the nine cases.

The MR studies were retrospectively separately re-
viewed by three neuroradiologists and analyzed for tumor
size, location, shape, signal intensity, type and extent of
contrast enhancement, and degree of peritumoral edema.
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Fig 1. Case 2. A, Sagittal T1-weighted image and B, axial T2-weighted image. Mixed hyperintense and hypointense mass of the
cerebellar vermis and cerebellar hemisphere, indicating intratumoral hemorrhage. The mass compresses the brain stem anteroinferiorly,
and there is obstructive hydrocephalus.

C, Sagittal T1-weighted image after gadopentetate dimeglumine administration demonstrates heterogeneous enhancement with
poorly defined margins.
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The presence or absence of intratumoral hemorrhage, hy-
drocephalus, and metastatic spread also were evaluated.

Results

The table is a summary of the clinical and
radiologic findings of the nine patients in our
series. Eight patients were male and 1 female;
their ages ranged from 3 to 57 years, with a
mean of 24 years. Four patients were younger
than 10 years of age. The major clinical mani-
festations related to cerebellar dysfunction,
such as unsteady gait, imbalance, and ataxia,
were observed in six cases. Other symptoms
included headache, dizziness, and slurred
speech. Among the nine cases, the primary tu-
mors were located in the cerebellar vermis in six
(Figs 1–3); extended to the middle cerebellar
peduncle in 2 (Figs 2, 3); and demonstrated a
second cerebellar vermian lesion in one patient.
In only one case was the tumor located solely in
the cerebellar hemisphere (Fig 4). Both brain
stem glioblastomas were located in the pons,
one of which had a second lesion present in the
cerebellar hemisphere (Fig 5). Tumors were
smaller than 3 cm in maximal diameter in six
cases and larger than 3 cm in three.
On T1-weighted MR images, the signal inten-

sity of the tumor was hypointense to the white
matter in seven cases. Two showed mixed hy-
perintensity and hypointensity, suggesting sub-
acute intratumoral hemorrhage (Figs 1 and 4).
Fig 2. Case 4. A, Axial T2-weighted im-
age shows irregular hyperintense areas in
the cerebellar vermis extending to the right
cerebellar hemisphere. There is peritumoral
edema. An isointense area is seen within the
tumor (arrows).

B, The axial postcontrast T1-weighted
image shows multiple patchy areas with
ringlike enhancement (arrows). Phase shift
artifacts crossing the lesions are also dem-
onstrated.



Fig 3. Case 5. A, Axial T1-weighted and B, T2-weighted images. The mass shows
hypointensity on T1-weighted and hyperintensity on T2-weighted images in the cerebel-
lar vermis. There is mild hydrocephalus.

C, Postcontrast axial and D, sagittal T1-weighted images show heterogeneous en-
hancement in the midline region indicative of presence of necrosis. The mass extends
into the cervicomedullary area (arrow).
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On T2-weighted images, the tumors were pre-
dominantly hyperintense relative to the white
matter in all cases, but in four of the nine cases,
the tumors also contained intermediate inten-
sity areas. In three cases, mixed hypointensity
and hyperintensity suggested intratumoral
hemorrhage. Peritumoral edema was mild in six
and moderate to marked in three. Tumor mar-
gins were ill-defined in all cases and difficult to
differentiate from surrounding edema. Defor-
mity of the fourth ventricle was observed in all
cases. Of the eight cases receiving gadolinium,
all revealed moderate to marked heterogeneous
and ring like enhancement. The tumor extended
directly into the fourth ventricle in six cases, and
hydrocephalus was observed in four of these
six. Extracranial tumor extension into the cervi-
cal region was seen in one (Fig 3). A remark-
able finding was the presence of multicentric
intracerebellar lesions or extraaxial metastases,
seen in three cases (Figs 2, 4, and 5). In case
four, the primary ring-enhancing tumor was lo-
cated in the superior vermis, with another lesion
in the right paravermian region demonstrating
solid and heterogeneous enhancement (Fig 2).
In case six, a large mass located in the right
cerebellar hemisphere was associated with un-
usual metastases in the right cavernous sinus
and the suprasellar region as well as in the su-
perior vermian cistern, found 10 months later
(Fig 4). In case eight, the primary tumor in the
pons showed marked ringlike enhancement,
whereas another lesion in the left cerebellar
hemisphere demonstrated subtle ringlike en-
hancement (Fig 5).

Discussion

Dohrmann and Dunsmore reviewed 33 pa-
tients with primary glioblastoma of the cerebel-



Fig 4. Case 6. A, On axial T1-weighted
and B, T2-weighted images, there is a large
mass in the right cerebellar hemisphere,
compressing the fourth ventricle (arrow).
Mixed hyperintensity, isointensity, and hy-
pointensity in the tumor indicates intratu-
moral hemorrhage. The tumor extends to
the cortical surface.

C, The mass enhances heterogeneously
on contrast-enhanced axial T1-weighted
image.

D, On contrast-enhanced coronal and
E, sagittal T1-weighted images obtained 10
months later, additional lesions were found
in the right parasellar regions (arrows) as
well as in the superior cerebellar cistern
(arrowhead), indicative of metastases via
the cerebrospinal fluid.
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lum in 1975 (4). The male-to-female ratio was
2:1, and approximately 70% of the tumors oc-
curred in adults whose average age was 46.7
years; 30% were in children with an average age
of 10.4 years. Approximately 80% of the tumors
were laterally located; the remaining 20% were
near midline. Two (6%) of the 33 patients had
multiple glioblastomas. The prognosis of sur-
vival was approximately 1 year after the onset
of symptoms (4). There were 7 cerebellar glio-
blastomas in our cases, whose average age was
30 years (range 2 to 57). Overall, there was
male dominance of 6 to 1. Contrary to previous
reports (4), which were based on surgical or
pathologic findings, most of our cerebellar glio-
blastomas were located in or near midline; only
1 originated from the cerebellar hemisphere.
Two of the 7 patients had multicentric/multifo-
cal tumor or metastases.
Few histologically confirmed reports of brain
stem glioblastoma were available in the previ-
ous literature because the indication for surgery
or biopsy of brain stem tumors remains contro-
versial (11). Nearly 80% of brain stem gliomas
occur in patients younger than 20 years of age,
and pathologically these tumors usually arise in
the pons (13). Berger et al (11) reported 6
glioblastomas multiforme of 21 pediatric brain
stem gliomas (ages ranging from 2.5 to 18
years), and Nishio et al (12) also reported 5
glioblastomas multiforme of 15 pontine tumors
in a clinicopathologic analysis of 23 histologi-
cally proved cases (ages, 3 to 37 years). Both of
our patients with brain stem glioblastoma were
boys; their ages were 6 and 3, respectively.
Both tumors originated from the pons, with one
showing multicentric foci or metastasis in the
left cerebellar hemisphere.



Fig 5. Case 8. A, Axial T1-weighted and B, T2-weighted images show a pontine mass including the areas suggestive of necrosis
(arrowheads). A small nodule in the left cerebellar hemisphere represents intraaxial metastasis (arrow).

C, A postcontrast axial T1-weighted image shows ringlike enhancement in the pontine mass. The small nodule in the hemisphere also
demonstrates a subtle ring enhancement (arrow).
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According to Kernohan’s histologic classifi-
cation (15), glioblastoma multiforme was in-
cluded in the category of astrocytoma grade 3
to 4; another classification uses three divisions:
well-differentiated astrocytoma, anaplastic as-
trocytoma, and glioblastoma multiforme (14).
We adopted the latter classification and ob-
tained histologic diagnoses in all cases. Subto-
tal removal was usually performed for cerebel-
lar tumors, with open biopsy obtained for brain
stem sites. When histologic differentiation be-
tween glioblastoma multiforme and anaplastic
astrocytoma was difficult, the key criterion used
to distinguish glioblastoma was the presence of
necrosis (14).
Because it has good tissue resolution, lack of

major bone artifacts, and multiplanar capabil-
ity, MR imaging is far superior to CT for evalu-
ating posterior fossa masses (16, 17). On pre-
contrast MR, tumors and surrounding edema
generally demonstrated prolonged T1 and T2
relaxation times: low signal on T1-weighted,
and high signal on T2-weighted images. How-
ever, partially isointense areas were observed in
four of nine tumors on T2-weighted images,
perhaps reflecting the compact cellularity of
these lesions. Three lesions demonstrated
mixed hypointensity and hyperintensity on both
T1- and T2-weighted images, presumably re-
flecting intratumoral hemorrhage (18). On con-
trastenhanced MR studies, solid components
usually showed marked ringlike enhancement
in most cases, usually with irregularly thickened
walls and central necrosis. These findings were
similar to those of supratentorial glioblastomas
(19). Although glioblastoma multiforme may
metastasize (20) or arise from multicentric foci
(21, 22), only one case of metastasis from a
cerebellar glioblastoma has been previously
reported (23).
The most common differential diagnosis for

posterior fossa brain masses in adults is meta-
static tumor (16). Metastatic tumor nodules
usually occur at the corticomedullary junction
and are often multiple and of nearly equal size.
When solitary, it is difficult to diagnose metas-
tases if there is no history of primary lesion.
However, the margins of metastases are rela-
tively sharply demarcated, with relatively exten-
sive surrounding edema. Metastases may
sometimes demonstrate cystic components or
show hypointensity on T2-weighted images,
suggesting intratumoral hemorrhage, calcifica-
tion, or mucinous components (18, 24). In con-
trast, glioblastomas grow infiltratively with an
indistinct margin. Metastatic tumors may en-
hance in a ringlike fashion and may be irregular,
mimicking glioblastoma. Metastatic or multi-
centric foci associated with glioblastoma multi-
forme usually differ from the original tumor in
size and shape. Peritumoral edema is rather
mild, compared with that of metastatic brain
tumors (7). Intratumoral hemorrhage is com-
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mon, but calcification or cystic change is rarely
seen (25).
Other posterior fossa tumors that show simi-

lar contrast enhancement include primitive neu-
roectodermal tumor of the posterior fossa or
medulloblastoma, ependymoma, pilocytic as-
trocytoma, or hemangioblastoma. Primitive
neuroectodermal tumor most often occurs in
the midline within the posterior fossa and fre-
quently causes marked hydrocephalus and
peritumoral edema (17, 26). They often en-
hance homogeneously but may also have cystic
changes and heterogeneous enhancement.
Medulloblastoma can be seen in the cerebellar
hemisphere, especially in older patients (27).
Ependymoma is usually seen in close relation
to the fourth ventricle but can extend inferiorly
and laterally via the foramina of Magendie and
Luschka, respectively (17). Peritumoral edema
is minimal. Pilocytic astrocytoma, often seen in
children, shows cystic components with mural
nodules with little or no surrounding edema.
Extensive contrast enhancement is sometimes
seen; however, ring enhancement is uncommon
(17). Hemangioblastoma may be sometimes
multicentric and may have cystic change with
mural nodule but usually also shows vascular
flow voids in and around the mass (28).
In conclusion, glioblastoma multiforme rarely

occurs in the posterior fossa. The MR findings
are nonspecific and differentiation from metas-
tases, which are muchmore commonly found in
the posterior fossa, may be difficult. However,
features such as median location, heteroge-
neous signal intensity (presence of hemor-
rhage), prominent heterogeneous and ringlike
enhancement (necrosis) with poorly defined
margins, and multicentricity or extraaxial me-
tastases associated with a disproportionally
large tumor may be useful clues for the pro-
spective diagnosis of glioblastoma multiforme
in this location.
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