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Neuroradiology Case of the Day

Elliot . Shoemaker,' Allan J. Romano, Mokhtar Gado, and Fred J. Hodges i

Case 1: Chordoma of the Clivus

A 55-year-old woman developed blurred and double vision
of the left eye 2 years before these studies. A workup 1 year
later showed optic atrophy and a left sixth cranial nerve palsy.
Before admission, the patient had two seizures.

Initial noncontrast CT examination showed a low-density
mass centered in the left parasellar region, causing bony
destruction with a few scattered areas of calcification (Fig.
1A). The contrast examination showed dense homogeneous
enhancement of a multilobular mass (Fig. 1B). Definite evi-
dence is present of extension into the left middle cranial fossa
and through the incisura of the tentorium into the posterior
fossa. On the contrast examination, the floor of the sella
appeared intact. An MR examination was obtained with gad-
olinium. The pre-gadolinium, T1-weighted images showed a
low-signal-intensity mass originating from the clivus growing
into the suprasellar region with superior and posterior exten-
sion (Fig. 1C). The brainstem was deviated posteriorly, and
the basal gangiia were displaced superiorly. The postgadolin-
ium, T1-weighted image showed dense homogeneous en-
hancement (Fig. 1D). The mass showed high signal intensity
on the T2-weighted image (Fig. 1E).

Chordoma is a relatively rare neoplasm, accounting for less
than 1% of all intracranial tumors [1, 2]. The distribution is
approximately 50% sacrococcygeal, 35% cranial, and 15%
vertebral [3]. They develop from remnants of the notochord,
which is the embryonic precursor of the axial skeleton. This
explains their usual midline focation. They occur most fre-
quently in the third or fourth decades of life.

These tumors tend to present with the signs and symptoms
of a mass compressing the cranial nerves and brainstem,
most often the abducens nerve. General symptoms include
lethargy, fatigue, and weakness [3].

On CT scans, clival chordomas typically show solitary or
muitiple areas of low attenuation, probably representing
myxoid and gelatinous material found on pathologic exami-
nation. Calcification commonly can be seen, representing
either tumor calcification or sequestered fragments of bone,
and may appear linear, nodular, or mixed. In a review of 30
cases, calcification was present in 47%. The differential di-
agnosis of a calcified sellar or parasellar lesion would include

craniopharyngioma, aneurysm, or meningioma. After contrast
injection, clival chordomas are enhanced. The three major
directions of tumor growth are parasellar, prepontine, and
nasopharyngeal [4].

On T1-weighted MR images, chordomas tend to be isoin-
tense or hypointense. T2-weighted images always show high
signal intensity. Seventy percent of chordomas show septa
of low signal intensity separated by lobulated areas of high
signal intensity. Sagittal MR is useful in disclosing the extent
of the tumor in the epidural space. Characterization of the
tumor is possible with MR imaging [5]. Chordomas are fre-
quently separated into two pathologic subsets described as
typical chordomas and chondroid chordomas. The latter tend
to have shorter T1 and T2 relaxation times. Overall, chondroid
chordomas tend to have a better prognosis than typical
chordomas. MR imaging is less accurate than CT in showing
calcification and bone destruction.
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Case 2: Choroid Plexus Papilloma, Third Ventricle

A 3-year-old girl presented with a several-month history of
headaches. Physical examination was normal except for in-
creased head circumference. Noncontrast CT scans disclosed
hydrocephalus. A mass, isodense with brain parenchyma,
partially filled the anterior-superior third ventricle and ob-
structed CSF outflow at the foramina of Monro (Figs. 2A and
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2B). No calcification was shown in the mass. After IV contrast,
the mass enhanced intensely and the margins appeared irreg-
ular (Fig. 2C). MR images with short and long TR confirmed
the location of the mass in the third ventricle and the obstruc-
tion at the foramina of Monro (Figs. 2D and 2E). The patient
underwent a craniotomy with complete resection of the third
ventricle tumor by a transcallosal approach. Histologic ex-
amination revealed a benign choroid plexus papilloma.

Choroid plexus papillomas are primary intraventricular neo-
plasms, accounting for 3% of intracranial neoplasms in chil-
dren and 0.6% in adults [1, 2]. They arise from the epithelial
celis of the choroid plexus and occur wherever choroid plexus
is found: lateral ventricles (43%), third ventricle (10%), fourth
ventricle (39%), and even the cerebellopontine angles (9%)
[2]. In children, papillomas tend to occur in the lateral ventri-
cles, whereas the fourth ventricle is the most common site in
adults [1, 3]. In children, 86% of all papillomas occur in the
first 5 years of life. Malignant change occurs in up to 20%
and is more common in children [3, 4]). Seeding by CSF
pathways is reported to occur in both benign and malignant
tumors [2, 4]. Choroid plexus papillomas may recur if not
completely excised [2, 5].

Patients with choroid plexus papillomas have symptoms of
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Fig. 1.—Case 1: Clival chordoma.

A, Noncontrast CT scan shows a low-density
suprasellar mass with calcification.

8, Contrast-enhanced CT scan at lower level
shows homogeneous enhancement, extension
into posterior fossa, and a normal sellar floor.

C, T1-weighted sagittal MR image (500, 17)
shows displacement of brainstem by a low-sig-
nal mass.

D, Gadolinium-enhanced, T1-weighted sagit-
tal MR image (700, 17) shows intense enhance-
ment.

E, T2-weighted axial MR image (2000, 120)
shows high signal intensity.

increased intracranial pressure—headaches, vomiting, and
gait abnormality. Physical examination shows increased head
circumference in children, abnormal plantar reflexes, and pap-
iledema 3, 4]. Hydrocephalus is a constant feature and may
be due to obstruction of CSF pathways, overproduction of
CSF by the papilloma, adhesions due to bleeding from the
tumor, or a combination of these factors [2, 6]. When the
tumor is located in the third ventricle, the cause appears to
be obstruction of CSF outfiow at the foramina of Monro. This
is because of the strategic location of third ventricular papil-
lomas, which are attached at the tela choroidea [2, 7]. Sudden
death from acute ventricular obstruction is a well-known
complication of third ventricular colloid cysts and also has
been reported in choroid plexus papillomas of the third ven-
tricle [1].

On CT scans, three fourths of choroid plexus papillomas
are isodense or hyperdense relative to brain parenchyma, and
one fourth are hypodense or of mixed density. Tumor margins
can be smooth (29%), lobulated (19%), or irreguiar (52%).
Irregular margins are found in both malignant tumors (71%)
and benign lesions (43%). Calcification is reported in 24%. All
choroid plexus papillomas enhance with IV contrast, and the
enhancement is typically intense [3].



American Journal of Roentgenology 1989.152:1333-1333.

AJR:152, June 1989

NEURORADIOLOGY CASE OF THE DAY 1335

Fig. 2.—Case 2: Choroid plexus papilloma,
third ventricle.

A, Noncontrast CT scan at level of fourth
ventricle shows dilated temporal homns indi-
cating enlargement of lateral ventricles but
normal size of fourth ventricle.

B, Noncontrast CT scan at level of midbrain
shows an isodense mass within third ventricle.

C, IV-contrast CT scan at same level as B
reveals intense, homogeneous enhancement
of irregularly marginated third ventricular pap-
illoma.

D, Axial MR image (500, 26.7) at same level.
Note papilloma in anterior-superior aspect of
third ventricle obstructing the foramina of
Monro. Signal is heterogeneous on this T1-
weighted image.

E, Axial MR image (2000, 63.2) at same
level. The lesion has high signal intensity on
this T2-weighted image.

D

The differential diagnosis of third ventricular tumors in-
cludes colloid cyst, meningioma, craniopharyngioma, glioma,
ependymoma, dermoid, epidermoid, metastasis, and tumors
deposited by CSF seeding. CT and MR features can be used
to exclude colloid cyst, meningioma, most craniopharyngio-
mas, dermoid, and epidermoid tumors [3, 4, 7]. In a young
patient, metastasis is unlikely. Supratentorial ependymomas
tend to have a smaller intraventricular component compared
with a larger portion of the tumor mass invading the adjacent
parenchyma. In a child, the most common tumor to spread
via CSF pathways is medulloblastoma, but this characteristi-
cally involves the cerebellar vermis initially [7]. The features
possessed by gliomas and choroid plexus papillomas overlap
considerably, making reliable distinction between these tumor
types difficult (3].
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Case 3: Plasmacytoma of the Skull Vauit

A 70-year-old man presented with a 6-month history of
progressive decline in cognitive function, lethargy, and mild
ataxia. Laboratory evaluation disclosed anemia, hyperprote-
inemia, increased erythrocyte sedimentation rate, and ele-
vated 24-hour urine protein level. Serum and urine electro-
phoresis was positive for IgG kappa paraprotein and kappa
light chains. Noncontrast CT showed a large hyperdense
mass with focal calcifications. The lesion crossed the midline
without displacing the adjacent falx cerebri (Fig. 3A). Bone
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windows showed erosion of the inner table of the skull
extending into the diploic space with preservation of the outer
table of bone (Fig. 3B). Coronal short- and long-sequence MR
images identified the mass as extradural, with inward dis-
placement of the intact dura and distortion of the adjacent
brain and lateral ventricles. Although the cerebral hemispheres
were distorted, there was no signal abnormality in the brain
(Figs. 3C and 3D). A skeletal survey revealed no definite
evidence for other bone lesions. Bone-marrow biopsy showed
a mildly cellular marrow with 70-80% plasma cells, consistent
with multiple myeloma. A stereotaxic biopsy of the skull lesion
confirmed the diagnosis of plasma cell myeloma.

Multiple myeloma accounts for 1% of all malignant disease
and slightly greater than 10% of hematologic malignancies
[1]. This neoplasm originates from plasma cells, which are
derived from the B-lymphocyte [2]. Myeloma is characterized
by proliferation of a single clone of abnormal plasma cells,
which produce abnormal monoclonal proteins [1]. Three
forms of plasma cell proliferation are recognized—solitary
plasmacytoma of bone, extramedullary plasmacytoma, and
multiple myeloma. These are felt to be different manifestations
of the same disease [3, 4]. The criteria for the diagnosis of
multiple myeloma are (1) increased numbers of abnormal,
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Fig. 3.—Case 3: Plasmacytoma of skull vault.

A, Noncontrast axial head CT scan near vertex
shows a hyperdense mass, with focal areas of
higher density suggesting calcification. Lesion
crosses midiine.

B, Bone windows of scan A, showing scaliop-
ing of inner table of skull, penetrating diploic
space.

C, Coronal MR image (700, 17). Elliptical ex-
tradural mass crosses midiine and involves inner
table and diploic space. it has mixed signal in-
tensity, but generally has a slightly higher signal
than brain parenchyma.

D, Coronal MR image (2000, 120). Heteroge-
neous signal is again noted on this long se-
quence image. Black line along inner margin of
mass represents dura, confirming extradural lo-
cation.

atypical, or immature plasma cells in the bone marrow, and
(2) monoclonal protein in the serum or urine, or (3) bone
lesions consistent with myeloma [1].

The disease generally occurs in patients between 50 and
70 years old, is more common in men (61%), is typically
associated with abnormal protein in both serum (90%) and
urine (80%), and presents most often with bone pain (68%).
At presentation, 79% of patients have abnormal skeletal
radiographs [1]. The flat bones containing red marrow (ribs,
vertebrae, sternum, skull, pelvis, and mandible) are involved
most often [5].

Although the radiographic presentation is variable, focal
abnormalities typically appear as multiple small, rather uniform
osteolytic lesions with sharp punched-out margins [1, 2, 5, 6,
7]. This is certainly the classic appearance in the skull, where
the earliest lesions may be most conspicuous. Small lesions
may coalesce into larger areas of bone destruction. Rarely, a
large solitary lesion is observed. The involvement of bone is
often associated with an adjacent soft-tissue mass [8]. In the
skull, unusually large solitary lesions with an associated soft-
tissue mass have rarely been reported to cause deformity of
the brain and can be associated with neurologic symptoms
due to cerebral compression [9].
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Fig. 4.—Case 4: Moyamoya disease.

A, Noncontrast CT scan shows prominent
sulci and ventricles.

B, Contrast-enhanced CT scan shows promi-
nence of many cortical vessels.

C, Lateral view of right common carotid angio-
gram shows occlusion of intemnal carotid artery
with meningeal collaterals.

D and E, Anteroposterior and lateral views of
vertebral angiogram. Both posterior cerebral ar-
teries are occluded, with an extensive network
of perforating vessels in region of basal ganglia.

The differential diagnosis includes metastasis, osteochon-
droma, osteochondrosarcoma, meningioma, sarcoma of the
dura, and hemangioma of the dura. The sharp borders, little
or no bony sclerosis or new bone formation, and the paucity
of periosteal reaction are useful in suggesting the correct
diagnosis of plasmacytoma. However, in cases of unusual
presentation, such as a solitary expansile lesion of consider-
able size, or advanced disease, reliable distinction may be
impossible.
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Case 4: Moyamoya Disease

The patient is a 10¥2-year-old boy with Down syndrome.
An episode of lethargy, fever, and right-sided weakness of
several weeks duration occurred approximately 2 years be-
fore admission. During the few months before this study, the
parents noted progressive intermittent right-sided weakness,
particularly when the patient exercised.

The noncontrast CT examination showed prominent sulci
and ventricles but no parenchymal changes (Fig. 4A). The
contrast study showed intense enhancement of many cortical
vessels bilaterally (Fig. 4B). An angiogram was obtained.
Contrast-material injection in the right common carotid artery
showed occlusion of the internal carotid artery just distal to
the takeoff of the ophthalmic artery. Enlarged meningeal
branches perforated the dura and supplied the anterior portion
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of the middie cerebral artery as well as callosomarginal
branches anteriorly (Fig. 4C). The contrast-material injection
in the left internal carotid artery showed similar findings.
Selective injection in the right vertebral artery showed occlu-
sion of the posterior cerebral arteries at their origins. An
extensive network of perforating vessels, supplied via the
basilar artery, appeared to reconstitute branches of the pos-
terior cerebral artery as well as posterior branches of the
middle cerebral artery. These perforating vessels were most
prominent in the region of the basal ganglia (Figs. 4D and 4E).
The overall appearance was consistent with Moyamoya dis-
ease.

In general, Moyamoya disease causes occlusion or stenosis
of the supraclinoid portions of the intemnal carotid arteries, as
well as the proximal portions of the anterior and middle
cerebral arteries. It tends to be bilateral. The most striking
source of collaterals is the dense network of small conglom-
erate vessels in the region of the basal ganglia and upper
brainstem. The anterior or middle cerebral arteries beyond
the site of occlusion may be reconstituted by way of this
network. Vessels that contribute to this network include the
thalamoperforate arteries, the anterior choroidal arteries, and
the artery of Heubner, to name a few. Transdural external-to-
interal carotid anastamoses can occur via the superficial
temporal artery, middle meningeal artery, occipital artery, or
the ophthalamic artery. These are called meningeal anasto-
moses. End-to-end anastamoses on the surface of the cere-
bral hemispheres can occur, unless the basilar artery is oc-
cluded, and are called leptomeningeal anastamoses [1, 2].

Typically, most of these patients are less than 15 years old.
Young patients can present with sudden and recurrent paresis
of one or two limbs, as well as convulsive seizures. Overall,
symptoms due to cerebral ischemia are the main features in
childhood. In adults, subarachnoid hemorrhage is the most
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common presentation [3]. These patients present with motor
weakness, decreased sensation, mental deterioration, and
convulsions or headache. In a large series of 96 cases, 10 of
the patients had symptoms before the age of 10 years and
73 had symptoms before 24 years of age [1].

In a CT study of 12 patients with Moyamoya disease,
moderate dilatation of the ventricular system was found in
seven, widening of the sulci in nine, and intracerebral lucent
foci representing old infarcts in 11 patients. Most of these
features were in the cortex or subcortical white matter [4]. In
another study of six patients, focal low-density areas were
found in five patients and were felt to represent previous
infarcts. The postcontrast CT scans showed curvilinear tor-
tuous densities in the basal ganglia in four patients. Vessels
in the cerebral suici and sylvian fissures were often not seen
except in those patients in whom angiography showed exten-
sive parenchymal and leptomeningeal collaterals [3].
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