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INTRODUCTION
Primary central nervous system tumors account for
nearly 10% of neoplasms detected at autopsy.
Metastatic tumors are seen in as high a 18% of
patients who die of cancer, or account for as high as
40% of intracranial tumors. Symptoms of central
nervous system tumors may range from the subtle or
non-specific, to objective motor and sensory deficits,
seizure disorders, or apoplectic events, usually
indicating tumor infarction or hemorrhage.

DIAGNOSTIC APPROACHES
Skull radiography plays no role. Angiography is
rarely employed, except in a few cases which
demonstrate findings suggestive of a vascular nidus
on CT or MR. In these cases,angiography is useful for
preoperative embolisation and / or for surgical
planning.

In recent years, MR has surpassed CT in its sensitivity
and specificity and is the least invasive technique for
the detection and characterization of CNS neopiasms.

There are a variety of approaches to the analysis of
CNS neoplasms. One method is to categorize
according to location, supra vs. infratentorial. In an
adult, approximately 70% of neoplasms are
supratentorial and 30% infratentorial. In children the
reverse is true. Lesions may also be analyzed on the
basis of whether they are intraaxial (within the brain
substance) or extraaxial (outside the brain substance).
Most intraaxial tumors are malignant, and most

extraaxial tumors are benign. Tumors may also be
classified on the basis of whether they are malignant,
benign, or congenital (lipoma, epidermoid, dermoid).

GENERAL FEATURES OF TUMORS
CNS neoplasms are characterized by mass effect
which may mold the brain and adjacent cranial vault
as in the case of relatively slow growing, usually
benign, extraaxial lesions, or may cause a dis-
placement/shift of structures which can occur from
both extra/intraaxial lesions. This mass effect may
result in hemiation which may be either subfalcine or
tentorial. Supratentorial masses may cause a down-
ward herniation, and infratentorial masses upward
tentorial herniation. Tentorial herniation results in
pressure on the mid-brain with secondary effects on
eye movement, and on respiratory function. Tentorial
herniation may alsocause compression of the posterior
cerebral arteries between the mid-brain and the
tentorium resulting in either unilateral or bilateral
hemianopsia. Herniation of the cerebellar tonsils is
seen both in supra and infratentorial masses; while
rarely detected on CT, it is routinely identified on the
sagittal MR image.

Hydrocephalus
Mass lesions may result in ventricular obstruction.
Dilatation limited to the lateral ventricles is seen most
commonly in colloid cysts at the foramen of Monroe.
Unilateral ventricular dilatation may be seen in
gliomas, at the foramen of Monroe, or a mass in the
atrium resulting in dilatation of the temporal horn, the
so-called "trapped" temporal horn. Dilatation of the
lateral and third ventricles most commonly is seen
with either benign aqueductal stenosis, or lesions of
the tectal plate which are usually low grade gliomas.
The major differential diagnostic consideration in a
lesion obstructing the aqueduct is between benign
aqueductal stenosis and a neoplasm. The most sensitive
studies for achieving that distinction is the sagittal
MR scan. Lesions obstructing the fourth ventricle
will also cause third and lateral ventricular dilatation.
Considerations here include ependymomas and
medulloblastomas in children and choroid plexus
papillomas in adults. Communicating hydrocephalus
(obstruction beyond the fourth ventricle) may also be
encountered as a secondary effect of cisternal spread
of neoplasms.
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Edema
Edema is usually associated with intraaxial tumors.
Usually the more malignant the neoplasm, the greater
the edematous reaction. The major exception, is the
edema sometimes seen with extraaxial meningiomas,
most often in the frontal region. The pathologic basis
for edema associated with meningiomas is not known.
Edema associated with a meningioma may be an
adjunctive sign of a malignant meningioma. Most
often however the lesion is benign; the edema is
simply an indicator of a more difficult surgical
resection.

Edema associated with brain tumors represents fluid
that has seeped through the incompetent tight junctions
of capillaries associated with neovascularity seen in
tumor growth. The term vasogenic edema is applied
to fluid that leaks through these incompetent tight
junctions. On CT scans edema appears as an area of
relatively low attenuation values compared to normal
brain. Attenuation values of edema may be similar to
or lower than that of the neoplasm inciting the edema-
tous reaction. On MR, edema will appear as an area of
relatively low signal intensity on Tl weighted im-
ages, while the tumor nidus exhibits a lower signal
intensity than surrounding edema. On proton density
weighted images, the edema exhibits a relatively high
signal compared to adjacent brain and usually, butnot
always is of higher signal intensity than the tumor
nidus due to the high water content. On T2 weighted
images edema and tumor exhibit high signal of similar
intensity. Edema does not enhance with contrast, and
is confined to white matter, including the subarcuate
fibers adjacent to the cortical gray matter. The basal
ganglia are spared. Edema usually does not extend
across the very compact fibres of the corpus callo-
sum, as compared with aggressive gliomas which
will cross the corpus callosum.

Attenuation and/or Intensity value
The most common attenuation characteristics of tu-
mors are described above under the heading of edema.
Tumors, especially those which grow slowly are
occasionally calcified. In this instance, the lesion has
high attenuation on CT, and particularly low
attenuation on MR on both Tl and T2 weighted
images. In general, CT is more sensitive than MR in
the detection of calcification. The observation of
calcification is more useful in characterizing a tumor

as relatively slow growing rather than in lesion
detection.The most common intra-axial calcified
neoplasms are astrocytoma and oligodendroglioma.
Common extra-axial calcified lesions include
meningioma and craniopharyngioma. In the presence
of rim type calcification, aneurysm should be a strong
consideration, and an angiogram should be
recommended.

Hemorrhage into a tumor is not uncommon, and may
be detected as a chronic, or acute event. Acute
intratumoral hemorrhage which may be apoplectic in
nature is seen most commonly in metastatic lesions
such as breast and lung on the basis of their frequency,
and kidney, thyroid, carcinoid, choriocarcinoma, and
melanoma on the basis of the cytoarchiteclure. Large
primary glioblastomas may occasionally undergo
hemorrhagic transformation. Hemorrhage may also
occur spontaneously in a meningioma or
medulloblastoma. Hemorrhage will appear as an area
of high attenuation on CT when acute. If subacute it
may be overlooked on CT due the fact that the
attenuation value is similar to tumor tissue. On MR,
acute hemorrhage is iso, or low signal on Tl weighted
images, and very low signal intensity on T2 weighted
images, especially on high field (1.5 Tesla)units.
Subacute hemorrhage which is not easily detected or
characterized on CT will appear as high signal on
both Tl and T2 weighted images on MR. Occasionally
hemorrhage into a tumor bed may be confused with a
benign intraparenchymal hemorrhage. In general,
hemorrhage which has occurred in the tumor bed
clears less rapidly than a benign hemorrhage, and
there is failure to form a complete hemosiderin ring or
capsule which is a relatively unique feature of benign
intraparenchymal hemorrhage. Hemorrhage in a tumor
bed tends to have a more heterogenous appearance
than does benign hemorrhage.

Fat which is seen most commonly in congenital
tumors such as lipoma and teratoma appears as very
low attenuation on CT and is fairly characteristic. On
MR it has high signal intensity on Tl weighted
images, and very low signal intensity on T2 weighted
images in contrast to subacute blood which is high
signal intensity on Tl and T2 weighted images. If
there is doubt in making a distinction, a fat suppressed
image is highly specific.
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Contrast Enhancement
One of the characteristics of brain injury is loss of the
integrity of the normal blood brain barrier such that
the lesion becomes permeable to contrast agents. The
loss of the blood brain barrier represents the loss of
the tight junctions seen in the ischemic cell
membranes or in immature vascular membranes
associated with neovascularity. Blood brain barrier
permeability changes can be seen in neoplasms,
ischemia/infarction, infection, or trauma.

Contrast enhancement per se is specific only for a
blood brain barrier defect, and not for a panic ular type
of pathologic entity. In general, although not
uniformly, the more malignant the grade of an intra-
axial neoplasm, the more likely it is to enhance, and
the more intensely it is likely to enhance. There are
important exceptions, as for example the juvenile
pilocytic astrocytoma. In thecaseof extraaxial lesions,
which are most frequently benign, there is also intense
enhancement as is the case with lesions such as
meningioma or neurinoma.

Intra-axial supratentorial tumors:

Tumors of glial origin
Gliomas are the most common hemispheric tumor in
adults,accounting for 70-95% of primary tumors. In
children, they typically occur infratentorially. All
gliomas infiltrate to varying degrees. They are usually
histologically classified from grade I-IV. Grades I
and II are low grade astrocytomas. Grade III, anaplastic
astrocytoma, and grade IV glioblastoma multiforme.
Typically low grade lesions often undergo differen-
tiation into a higher grade. The degree of contrast
enhancementoften parallels the degreeof malignancy.

Low grade supratentorial astrocytomas account for
20-30% of all intracranial gliomas. Peak incidence is
in the fourth and fifth decades. These lesions are
typically slow growing and histologically benign.
They may have poorly defined borders and infiltrate
the cerebral white matter, basal ganglia and cortex.
On CT they are low attenuation, and on MR they are
characterized by long Tl and long T2 relaxation
times. Edema may range from moderate to absent and
calcium may be present Contrast enhancement is

uncommon, both on MR and CT, but occasionally
moderate heterogeneous enhancement may be seen
often limited to only a portion of the tumor. It is
commonly difficult to distinguish between tumor and
surrounding edema. Differential diagnosis should
include infarction, edema, contusion, and focal
demyelination. History and lesion evolution are
important features to be considered.

Anaplastic astrocytomas account for a little over 10%
of intracranial neoplasms. They are typically lobar in
location. Vasogenic edema is frequent; cystic change
and/or calcification are relatively rare. Signal
characteristics on CT/MR are similar to those of low
grade astrocytomas. Enhancement is a more common
phenomena occurring in 60-80% of anaplastic
astrocytomas. Necrosis is relatively unusual.

Glioblastomas account for nearly 50% of intracranial
tumors. They differ from the low grade/anaplastic
astrocytomas by their multilobulated appearance
frequently associated with areas of necrosis and a
moderate to marked amount of vasogenic edema. The
vasogenic edema is frequently intermixed with
infiltrating tumor cells. Glioblastomas frequently
infiltrate throughout the cerebral white matter and
internal capsule with relatively sparing of the basal
ganglia and grey matter. Corpus callosum involve-
ment is common. Glioblastomas, almost without
exception, will enhance with contrast.

Oligodendrogliomas account for 5-7% of hemi-
spheric neoplasms. These tumors have a predilection
for the frontal lobes and tend to involve both grey and
white matter. Calcification is seen in as high as 90%
of cases on CT, and less commonly on MR. Calcifi-
cation pattern is coarse and nodular. Cystic areas and
areas of necrosis may be present. Intra tumoral
hemorrhage is not unusual. Oligodendrogliomas when
not densely calcified commonly exhibit enhance-
ment with contrast.

Ependymomas are derived from ependymal cells
and represent approximately 6% of all intracranial
tumors. They usually, occur adjacent to, or within, the
ventricles. Sixty percent are found in the posterior
fossa and are seen most frequently in children and
young adults. Ependymomas which occur
supratentorially frequently have large intraventri-
cular components and may obstruct the foramen of
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Monro/third ventricle. They frequently cross the
ventricular wall. Contrast enhancement is usually
present. Subependymal spread of tumor is not
uncommon. Calcification may occur in the
supratentorial ependymomas, but is more common in
posterior fossa ependymomas where it is seen in as
high as 50% of cases.

Subependymomas are a less common lesion which
is usually well marginated and occur along the lateral
margins of the fourth ventricle/anterior horns, most
commonly in adults.

Subependymal giant cell astrocytomas, usually
evolve from malignant degeneration of hamartomas
associated with tuberous sclerosis. Many hamartomas
enhance on MR scans and the issue of when a
hamartoma becomes a giant cell astrocytoma has
become a more difficult issue.

Choroid plexus papillomaare highly vascular benign
tumors of the choroid plexus which occurs in children
and young adults. Choroid plexus contains modified
ependymal cells, and therefore its tumors can be
considered "glial". In children, they are frequently
seen in the atrium and lateral ventricle and in young
adults in the fourth ventricle. These lesions usually
have a frond-like quality with occasional areas of
calcification best appreciated on CT. As in other
ventricular lesions, they are characterized by little or
no shift, but rather simple ventricular expansion.
Choroid plexus papillomas take up contrast avidly,
and are frequently associated with hydrocephalus
either due to CSF overproduction or obstruction.

Midline Tumors

Colloid cysts account for 2% of glial tumors. They
are almost always located in the anterior portion of
the third ventricle, causing intermittent or complete
obstruction of the foramen of Monroe. These cysts
contain colloid-like material which may range in
character from thin CSF like to thick viscous,
occasionally inspissated material. On CT, colloid
cysts may range from low to high density, and on MR
from low to high signal on both T1/T2 weighted
images. They are best characterized by location and
morphology. Typically these lesions range from 3-20
mm in diameter. They may or may not enhance with
contrast material.

Craniopharyngiontas represent 3-4% of intracra-
nial tumors. The peak incidence is in children and
adolescents, but may be seen throughout the adult

years. These lesions develop from a remnant of
Rathke's pouch. Patients usually present with either
visual symptoms due to compression of the chiasm or
endocrine dysfunction associated with compression
of the pituitary stalk. Craniopharyngiomas are almost
always suprasellar in location, but on occasion may
be entirely within the third ventricle or within the
sella. These will be discussed elsewhere in this meet-
ing, in the sessions on the sellar region

Pineal region tumors were once collectively referred
to as pinealomas. Although generically acceptable, it
is histologically incorrect. They are best classified
into three major groups summarized as follows:

Tumors of germ cell origin including
germinoma and teratoma.
(Germ cell tumors will be discussed elsewhere
in this meeting.)
Pineal cell tumors including pinealcytoma and
pinealblastoma
Other tumors i.e. glioma,
meningioma,neuroepithelial cysts

Germinomas are by far the most common accounting
for over 50% of pineal region masses. They are seen
almost exclusively in males. They may also occur in
the suprasellar region in which case there is no gender
preference. Germinomas are frequently high density
on CT and are calcified in 30 - 50% of cases. Most
pineal region solid tumors enhance. The sagittal Tl-
weighted MR image is uniquely sensitive to demon-
strating these lesions which may be overlooked on
axial images. Patients with pineal tumors have been
carried as benign aqueductal stenosis on the basis of
an axial CT scan.

It is frequently difficult to differentiate among the
various histologic tumor types in the pineal region
with theexception of teratomas which not infrequently
will have associated calcification and collections of
fat or lipid material. Pineal region tumors should be
distinguished from benign pineal cysts which are
present in as high as 20% of patients. They are usually
only 2-3 mm in diameter, and have signal intensity
identical to CSF. They are readily recognized on a
sagittal Tl-weighted MR scans. Pineal cysts may,
however, be as great as 20 mm in diameter and have
a thin enhancing rim following gadolinium injection.
The well circumscribed nature of these lesions
indicates a benign nature. The rare cystic pineal
region tumor will usually have a tumor nodule or a
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greater degree of enhancement associated with it.
Patients with pineal region tumors frequently present
with paresis of upward gaze or Parinaud' s syndrome.
They may also present with hydrocephalus, secondary
to aqueductal obstruction associated with compres-
sion of the collicular plate.

Miscellaneous Tumors
Primary Intracerebral Lymphoma has increased
in incidence with the increased prevalence of
immunocompromised individuals such as transplant
patients and patients with acquired immune deficiency
syndrome. Exclusive of these two groups, in recent
years there has also been a 2 to 3 fold increase in the
general incidence of lymphoma. Primary intracerebral
lymphoma currently accounts for 1 -2% of primary
intracranial tumors. Peak incidence in patients who
are not immunocompromised is in the fifth and sixth
decades. The prognosis is in general poor. On CT, the
majority of lympbomas are either iso or hyperdense
in comparison to the surrounding brain, and take up a
moderate amount of contrast. They tend to be central
in location, either occupying the basal ganglia and/or
commonly the corpus callosum. They may also appear
as periventricular enhancing lesions. On MR, the
lesions may again be isointense or high intensity on
Tl-weighted images. On T2-weighted images, they
do not have as high a signal as other primary tumors,
and on heavily T2-weighted images, they may exhibit
a relatively short T2. This appears to be exclusive of
hemorrhagic events, and may reflect free radicals
within the tumor and/or a high nuclear/cytoplasmic
ratio. Enhancement with gadolinium may beconfluent
and/or spotty.

Primitive Neuroectodermal Tumors (PNET) is a
term which lumps together masses arising from
multipotential neuroepithelial cells, which tend to be
relatively undifferentiated, and behave similarly.
Some argue that the tumors in this class, which
include medulloblastoma, primary cerebral neuro-
blastoma, and pineoblastoma, should be treated
separately. Medulloblastomas constitute 15-25% of
CNS tumors in children, and usually present as mid-
line posterior fossa masses, although 25% occur in
the lateral cerebellum. Medulloblastomas are
hyperdense on CT, and enhance vigorously. CSF
dissemination is common.

Hemangiob^astomas represent only 1-2% of CNS
tumors. 60% are cystic.typically with an enhancing
mural nodule, and 85 % present in the cerebellum. 10-

20 % are associated with Von Hippel-Lindau (VHL)
syndrome, and 45% of VHL patients will develop
hemangioblastoma.

Extraaxial tumors
Colloidcysts.craniopharyngiomas,and pineal region
tumors are discussed under midline lesions. Choroid
plexus papillomas are discussed under intraventri-
cular lesions. Although a number of meningiomas are
found in the ventricle, the great majority are outside
the ventricular system, and will be discussed below.

Meningiomas account for 15% of all adult brain
tumors. Tumor incidence peaks in the fourth through
the sixth decades . Women are affected twice as
frequently as men. There is a 3-4% incidence in the
pediatric population. Meningiomas occur wherever
arachnoid cells are found. Over 50% occur over the
convexity and parafalcine regions. Basal meningiomas
in the subfrontal, sphenoidal wing area, and suprasellar
region region account for 40%. Less common sites
include the foramen magnum, the tentorial notch, and
the ventricles. Meningiomas are in general well
marginated lesions which characteristically, similar
to other extra-axial lesions, displace rather than invade
brain tissue. The density and signal characteristics of
meningiomas are quite variable. On CT they may be
isodense or not infrequently high density due to the
presence of calcification. They almost always abut a
dural surface and may insite an osteoblastic reaction
in the adjacent bone, or may invade the adjacent bone.
On the basis of imaging it is not possible to distinguish
between reactive hyperostosis versus frank invasion.
Characteristically, meningiomas cause expansion of
the CSF spaces between the inner table and the brain
and buckle as opposed to invading gray-white matter.
Meningiomas may incite an edematous reaction in
adjacent brain in as high as 30% of cases. The
mechanism remains unclear. Meningiomas
demonstrate intense enhancement due to their vascu-
larity rather than due to a defect in blood-brain barrier
since these lesions lie outside the blood-brain barrier.
Meningiomas may have an associated CSF-filled
cyst Rarely, meningiomas may be present as either
intratumoral or subarachnoid hemorrhage On MR,
meningiomas are frequently isointense to brain on
Tl-weighted images, and may be isointense to gray
matter on T2-weighted imaged. On T2-weighted
images, that may also be low intensity if calcified, or
high intensity, if they have a high water content. The
latter is seen more frequently in larger tumors. Small
meningiomas may be overlooked on MR without the
benefit of gadolinium DTPA following which,
meningiomas exhibit intense enhancement
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Additional findings associated with, and characte-
ristic of meningiomas including extension and or
seeding along the adjacent dura. On gadolinium
enhanced MR scans, a "tail" of contrast enhancement
is quite common. In the great majority of cases, but
not all, this represents engorged vessels and connec-
tive tissue rather than tumor extension or dysplastic
meninges. Meningiomas in the region of the planum
may insight expansion of the adjacent sinuses or so-
called "pneumosinus dilatans". Meningiomas should
be imaged in two planes, especially those that occur
in the region of the tentorium to determine how much
tumor lies on each sideof the tentorium. Dura! invasion
either of the tentorium or the falx is quite character-
istic of meningiomas and a useful differential feature,
especially when attempting to distinguish between
meningioma and a primary ormetastatic lesion which
may abut a dura! surface.

Nerve Sheath Tumors include schwannomas (aka
neuroma - schwannoma is a more precise term as the
tumor is composed of schwann cells) and
neurofibromas, and are associated with the cranial
nerves. The classic appearance of an enhancing
cerebello-pontine angle mass with extension into an
expanded internal auditory canal is diagnostic of an
acoustic schwannoma. Typically these present in
older patients complaining of unilateral deafness.
Bilateral acoustic neuromas are diagnostic of
Neurofibromatosis Type II.

Epidermoids are extraaxial tumors which account
for approximately 1% of intracranial tumors. The
most common locations include the cerebello pontine
angle, the parasellar region and the subfrontal and
interhemispheric regions.

Epidermoids are believed to result from inclusion of
epidermal ussue within the neural tube during fetal
development. They grow very slowly by the accumu-
lation of cholesterol and epithelial debris. These
lesions are unique in that they tend to have CT density
and MR signal intensity values similar to CSF. Rarely
these lesions are calcified. On CT, with proper
windowing, a cauliflower type margination is
appreciated. Contrast enhancement rarely, if ever,
occurs.

Dermoids contain dermal tissue in addition to
epidermis. They are unique, in that most contain fatty
material which if there are other contents the cyst will
show a fat fluid level. Calcification is an additional
distinguishing feature. Dermoids are almost always

located in the midline. Not infrequently rupture of
cyst content may be seen in the subarachnoid space or
ventricles demonstrating high intensity droplets on
Tl-weighted images or very low attenuation fat on
CT. The clinical manifestation of spillage of the
contents of a dermoid cyst is meningitis.

Lipomas are benign congenital midline lesions seen
most commonly in the corpus callosum. They may
also be identified in the quadrigeminal plate region,
the ambient cistern, and the region of the tuber
cinerium. Like dermoids, lipomas have high signal
on Tl-weighted images, and low signal on T2-
weighted images. On CT they exhibit low attenuation
values (-50 to -120 HU). Lipomas differ from dermoids
in that they are not cystic in nature. Large corpus
callosum lipomas, however, may occasionally exhibit
an "eggshell" calcification.

Arachnoid cysts are well characterized by MRI as
they follow CSF signal intensity on all sequences,
although occasionally they will be brighter than
surrounding free CSF on T2 WI images as they are
isolated from the dephasing effects of CSF flow. CT
with CSF enhancement (CT-myelography) with serial
delayed views can be helpful in establishing the
degree of communication between thesecysts and the
CSF. They may or may not exert mass effect, and
need to be distinguished from porencephalic changes,
which never-should show mass effect. Typical
locations include the cerebello-pontine angles and
suprasellar region.

Metastatic tumors represent 30% of intracranial
masses. Metastatic lesions may be parenchymal, dural,
or leptomeningeal. The most common primary lesions
include lung, breast, followed by melanoma, colon
and hypernephroma. Metastasis are typically found
at the cortico-medullary junction. The larger tumors
may reach the brain surface and infiltrate the
leptomeninges. Characteristic of metastatic tumors is
a di sproportionate amoun t of edema for the size of the
nidus. Contrast enhancement is variable. Density or
signal intensity characteristics are quite similar to
primary lesions. Metastatic lesions may be cystic in
nature. Metastatic melanoma, carcinoid,
hypernephroma, thyroid, and choriocarcinoma, tend
to be hemorrhagic. In terms of absolute numbers,
hemorrhagic neoplasms are most commonly seen in
patients with lung or breast metastasis.

Important in the diagnosis of metastasis, is 1) the
detection, and 2) the determination of whether there
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is one or multiple lesions considerably alters the
surgical and therapeutic approach. Double or triple
dose contrast can be useful in identifying additional
lesions. The cost/benefit of such an approach is con-
troversial. Differential considerations can be difficult
and include infectious processes such as pyogenic or
granulomatous infections, embolic infarcts, and
multiple sclerosis. History is usually the useful means
of making a differential diagnosis. If there is any
question, however,a follow-up scan may often resolve
the issue.

Leptomeningeal metastasis are not uncommon, and
are discussed in a separate presentation. MR with
gadolinium is far more sensitive in the detection of
these lesions than is CT, which commonly will over-
look leptomeningial metastasis even with the use of
contrast in part because both the adjacent calvarium
and contrast are high in x-ray attenuation. A pitfall
with gadolinium is that any inflammatory process of
the brain, acute or chronic, will also enhance. In the
post-operative patient, enhancement may persist for
months to years, in the absence of any neoplastic
disease.
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