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The diagnosis of a cerebral tumor includes the following
steps: a) detection; b) characterization and malignancy
grading; c) assessment of extension; d) differential
diagnosis; e€) post-therapeutic control.

a) DETECTION

Magnetic Resonance (MR) imaging allows to detect the majority
of cerebral neoplastic lesions as they induce both brain signal
and morphology changes (in several sequences), so it may not
be necessary to inject intravenously (IV) a paramagnetic contrast
medium. T2-weighted (w) and FLAIR sequences are the most
sensitive for lesion detection and for peri-lesional edema
evaluation. On the contrary, for the assessment of small cerebral
metastases, IV contrast agent injection is always needed, the
lesions appearing as enhancing areas o

In most cases, standard MR protocols allow to determine
the intra- or extra-cerebral location of the lesion, based on its
anatomical relationship with adjacent cerebral structures (brain
tissues, cortical vessels, etc). The contrast-enhanced (CE) MR
study evaluates the relationship between the neoplastic lesion
and the dura matter and its possible infiltratione.

b) CHARACTERIZATION
AND MALIGNANCY GRADING

Structural MR studies allow to identify the macroscopic features
of the lesions and to assess their different appearance (cystic,
necrotic, hemorrhagic or calcified).

Morphological features are useful criteria for tumor grading. Most
low grade gliomas display a homogeneous pattern@whereas
for high grade gliomas a more heterogeneous appearance may
observed: high cellularity results in T2 and FLAIR hypointensity,
whereas necrosis generates T1 hypointensity, variable FLAIR and
T2 hyperintensity@.

The CE-MR study provides important information about the
grades of intracerebral tumors because signal enhancement
correlates with the degree of blood brain barrier (BBB) disruption
and with the grade of lesion malignancy. Lack of tumor
enhancement suggests low grade glioma 63 whereas presence
of tumor enhancement suggests high grade glioma@. However,
there are some exceptions: low grade tumors, such as pilocytic
astrocytomas, xantoastrocytomas and giant cellular
subependymal astrocytomas, show intense signal enhancement
in CE-MR studiese. On the contrary, it is known that in some
cases anaplastic gliomas may appear as non-enhancing lesions.
Therefore, even if neoplastic enhancement does not necessarily
mean high grade of malignancy, a lack of enhancement is not
necessarily associated with a low degree of tumor malignancy.

MR perfusion studies play a fundamental role in tumor grading
because they allow to assess the degree of neoangiogenesis, which
correlates with tumor malignancy.

The most frequently used MR technique in perfusion studies is
Dynamic Susceptibility Contrast (DSC). This technique uses the
gadolinium T2* effect, that correlates the signal drop to the Cerebral
Blood Volume (CBV). Recently, T1-based techniques have been
introduced, which allow both CBV and permeability evaluation.
Practically, if a tumor does not show any enhancement in a CE-MR
study, but shows an increase in CBV in an MR perfusion study, the
most probable diagnosis is of high grade tumor malignanoye.

c) ASSESSMENT OF EXTENSION

The tumor growth within the cerebral tissue may be either
«expanding» or «infiltrative». In tumors with «expanding growth», like
pilocytic astrocytomas, the increase of the lesional area depicted by
MR is consistent with real tumor extension. On the other hand,
tumors with «infiltrative growth» do not show a true boundary at the
periphery of the lesion because the edematous peri-lesional area
contains tumor cells, and the enhancing neoplastic area does not
systematically coincide with the area of tumor extension. This area
is characterized by a high level of angiogenesis and BBB
disruption 6 Frequently, more than one small area is enhanced in
a single lesion, which does not mean that the lesion is
multifocale. The MR perfusion study is especially useful to
demonstrate the infiltrative pattern of the lesions and it helps to

d) DIFFERENTIAL DIAGNOSIS

The MR standard study allows, in most cases, the identification
of pathological abnormalities in terms of signal and morphology.
Nevertheless, non-neoplastic lesions must be ruled out (e.g. stroke,
multiple sclerosis, abscess, etc).

MR diffusion-weighted sequences may help in establishing a
differential diagnosis between pyogenic abscesses and brain
tumors (characterized by restricted diffusion). The IV injection
of gadolinium-based contrast agent shows an «irregular
ring enhancement» pattern in case of tumor, a «regular ring
enhancement» pattern in case of abscess, and an «incomplete ring
enhancement» pattern in case of pseudo-tumoral inflammatory
Iesione.

Cerebral glioma
T1-w images (B, D).
hemisphere (A, B), with controlateral

spreads from the cortex to the deep
periventricular white matter (C).

MR axial FLAIR (A, C) and post-contrast
Glial infiltrative lesion located in the right

extension through the callosal genu (A)
into the fronto-parietal left side. The glioma

MR perfusion studies may be useful in ambiguous cases:
neoplastic lesions show high relative CBV (rCBV) compared to
the healthy brain tissue, whereas infectious-inflammatory lesions
do not show this finding. Moreover, a differential diagnosis may
be established between glioblastomas and metastases, based
on the perfusion of the peri-tumoral area: in glioblastomas, high
rCBV values are observed at the equilibrium phase, both in the
pathological enhanced area and in the surrounding area of the
tumor@; in metastases rCBV values are increased inside the
lesion but not in the peri-lesional tissue where there is only
edema@. MR perfusion studies of glioblastomas allow to
differentiate between tumor subtypes based on rCBV values:
each subtype is associated with a different prognosis. Finally,
a correlation between rCBV values and the genetic profile of
glioblastomas was recently demonstrated.

Glioblastoma
MR axial T1-w post-contrast
(A, B) and FLAIR (C, D) images.

Presence of multiple enhan-
cing pathological areas (A, B),
where BBB is disrupted and
neoangiogenesis is highly
developed.

e) POST-THERAPEUTIC FOLLOW-UP

Patients with brain tumors who were treated surgically or with
radiochemotherapy, have been traditionally checked by MR
studies with and without contrast medium injection, and
according to the Mc Donald criteria tumor grade was based on
signal enhancement. However, it is not unusual to observe
contrast enhancement even in neoplastic lesions which respond
to therapy (“pseudo-progression”). On the other hand, a growing
lesion may not show any pathological enhancement (“pseudo-
answer”). Therefore, MR perfusion studies are mandatory for
post-surgical control of brain tumors. They provide accurate
information about the residual tumor activity and are useful to
establish a differential diagnosis between tumor relapse and
radionecrosis @
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Glioblastoma (A, D), abscess (B, E), and «pseudotumoral»
plaque (C, F) MR axial T2-w (A, B, C) and post-contrast T1-w axial
(D, F) and sagittal (E) images.

Areas of pathological enhancement after IV
contrast agent injection (B, D) correlate with
areas with BBB disruption and with high level
of neoangiogenesis, but do not overlap with
the real tumor extension.

Figures C and D demonstrate
that the tumor is a single large
glial lesion rather than focally

spread multiple lesions.

differentiate them from areas of edema and gliosis.

Cerebral metastases
MR study. Axial T1-w images following
IV injection of contrast medium.

The figures show lesions with different enhancing features: an «irregular
ring» for the glioblastoma (A, D), a «regular ring» for the abscess (B, E)
and an «incomplete ring» in case of giant demyelinating plaque (C, F).

Left fronto-temporal
cerebral glioma

MR study. Axial FLAIR (A) and
T1-w post-contrast

medium (B) MR images.

Cerebellar metastasis (A)
and meningioma (B)

MR study. Coronal T1-w
images following IV injection
of contrast medium.

(A) Multiple pathologically

enhanced punctuate areas in the white
matter of both cerebral hemispheres
(arrows).

FLAIR sequence shows

a glioma as an area of
homogeneous hyperintensity (A),
without enhancement after IV
contrast medium

injection on T1-w

images (B).

The posterior cranial fossa
shows expansive processes,
close to the tentorium: in B
(meningioma), there is a clear
meningeal expansion, with

a higher degree angle in
comparison to A (metastasis).

(B) Three months later, the MR control
study shows evident enlargement of
the enhanced pathological areas.

Radionecrosis
MR axial FLAIR (A), post-contrast T1-w (B), and Dynamic Susceptibility
Contrast (DSC)-enhanced T2*-w MR perfusion (C) images.

Cerebral metastasis
MR axial T2-w (A) and post-contrast T1-w (B) images.

Glioblastoma
MR axial T2-w (A) and post-contrast T1-w (B) images.

Pilocytic astrocytoma (A, B) and
pleomorphic xantoastrocytoma
(C,D)

MR study. Axial T1-w images
before (A, C) and after (B, D) IV
contrast medium injection. The
pilocytic astrocytoma appears as a
cystic lesion with a solid nodule (A)
on the tumor wall, homogenously
enhancing after IV contrast medium
administration (B). The pleomorphic
xantoastrocytoma (C, D) has a
similar pattern, with a more
peripheral location.

Anaplastic glioma
MR study. Axial pre-contrast T1-w (A, B),
T2-w (C, D), post-contrast T1-w images (E,
F), and Dynamic Susceptibility Contrast
enhanced (DSC) perfusion images (G, H).
Right fronto-insular T1 hypointense (A, B)
and T2 hyperintense (C, D) infiltrative lesion
without pathological enhancement after IV
contrast medium injection (E, F). The
features lead toward the diagnosis of a grade
Il glioma. However, the MR perfusion study
shows a high blood perfusion area in the
lesion (G, H) characteristic of a higher grade
glioma (anaplastic grade llI).

Left temporo-parietal glioblastoma
MR study. Axial T2-w (A) and T1-w
images after IV injection of contrast
medium (B). The glioblastoma shows
a patchy pattern, with hypointense
areas on T2-w images due to
hypercellularity, and hyperintense
areas due to both necrosis and
pathological vessels (A).

The Dynamic Susceptibility Contrast (DSC)-enhanced T2*-w signal
intensity-time curves shown on the graph demonstrate a quantification
of the cerebral blood flow at the boundary of the glioblastoma enhancing
area: these curves display a high T2* drop (C) in the vicinity of the tumor
with respect to the controlateral area, related to an elevated blood
perfusion.

Dynamic Susceptibility Contrast (DSC)-enhanced MR T2*-w perfusion
signal intensity-time curves are shown on the graph: the cerebral blood
flow curve measured at the boundary of the enhanced area of the
metastasis shows a similar pattern as in the controlateral side,

which is interpreted as a normal blood perfusion (C).

The MR follow-up of post-surgery and post-radiochemotherapy shows
a large pathological enhancement in the right fronto-temporal region
(A) with diffuse and patchy post-contrast enhancement (B) suggesting
intra-cerebral diffusion of the surgically-treated lesion.

The MR perfusion study (C) does not show any evidence of high cere-
bral blood flow, suggesting a radionecrosis more likely than a relapsing
tumor.

Contrast-enhanced T1-w images (B)
show intense and patchy tumor
enhancement.




