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Abstract OBJECTIVE: To correlate imaging findings of medulloblastomas at conventional magnetic resonance imaging,
diffusion-weighted imaging and proton magnetic resonance spectroscopy, comparing them with data in the
literature. MATERIALS AND METHODS: Preoperative magnetic resonance imaging studies of nine pediatric
patients with histologically confirmed medulloblastomas (eight desmoplastic medulloblastoma, and one giant
cell medulloblastoma) were retrospectively reviewed, considering demographics as well as tumors
characteristics such as localization, morphology, signal intensity, contrast-enhancement, dissemination, and
diffusion-weighted imaging and spectroscopy findings. RESULTS: In most of cases the tumors were centered
in the cerebellar vermis (77.8%), predominantly solid (88.9%), hypointense on T1-weighted images and
intermediate/hyperintense on T2-FLAIR-weighted images, with heterogeneous enhancement (100%), tumor
dissemination/extension (77.8%) and limited water molecule mobility (100%). Proton spectroscopy acquired
with STEAM technique (n = 6) demonstrated decreased Naa/Cr ratio (83.3%) and increased Co/Cr (100%)
and mI/Cr (66.7%) ratios; and with PRESS technique (n = 7) demonstrated lactate peak (57.1%).
CONCLUSION: Macroscopic magnetic resonance imaging findings in association with biochemical features
of medulloblastomas have been useful in the differentiation among the most frequent posterior fossa tumors.
Keywords: Medulloblastoma; Infratentorial neoplasms; Pediatric brain tumors; Magnetic resonance imaging;
Diffusion-weighted magnetic resonance imaging; Magnetic resonance spectroscopy.

Resumo OBJETIVO: Correlacionar os achados de ressonância magnética convencional, difusão e espectroscopia de
prótons nos meduloblastomas, e compará-los aos dados da literatura. MATERIAIS E MÉTODOS: Análise retrospectiva de exames de ressonância magnética pré-operatórios de nove pacientes na faixa pediátrica com
diagnóstico histológico de meduloblastoma (oito desmoplásicos e um de células gigantes). Foram considerados dados demográficos e características do tumor como localização, característica morfológica, intensidade de sinal, realce, disseminação e achados na difusão e espectroscopia. RESULTADOS: Na maioria dos
casos os tumores apresentaram epicentro no vermis cerebelar (77,8%), sendo predominantemente sólido
(88,9%), com hipossinal nas seqüências ponderadas em T1 e iso/hipersinal nas seqüências ponderadas em
T2 e FLAIR, realce heterogêneo (100%), sinais de disseminação/extensão tumoral (77,8%) e restrição à
movimentação das moléculas de água (100%). A espectroscopia de prótons pela técnica STEAM (n = 6)
demonstrou redução da relação Naa/Cr (83,3%) e aumento de Co/Cr (100%) e mI/Cr (66,7%), e pela técnica PRESS (n = 7) evidenciou pico de lactato (57,1%). CONCLUSÃO: O conjunto dos achados macroscópicos obtidos pela ressonância magnética, somado às características bioquímicas dos meduloblastomas, têm
sido úteis na tentativa de diferenciação entre os principais tumores da fossa posterior.
Unitermos: Meduloblastoma; Neoplasias infratentoriais; Tumores cerebrais pediátricos; Imagem por ressonância magnética; Imagem de difusão por ressonância magnética; Espectroscopia de prótons.
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INTRODUCTION

MATERIALS AND METHODS

Tumors of the central nervous system
correspond to approximately 20% of all
neoplasms in the pediatric age group, and
this is the second most common type of
pediatric cancer surpassed in incidence
only by leukemia(1).
Medulloblastoma is a primitive neuroectodermal tumor typically occurring in the
posterior fossa in children(2). This tumor accounts for 30%–40% of posterior fossa tumors in children, where it is most commonly found, and for 15%–25% of all pediatric brain tumors. In adults, this tumor accounts for 1% of the brain tumors(3).
This tumor is a highly malignant and
fast-growing neoplasm(4). Histological variations include: classic medulloblastoma,
desmoplastic medulloblastoma, cerebellar
neuroblastoma, large-cell medulloblastoma, medullomyoblastoma and melanotic
medulloblastoma(1).
Imaging methods play an essential role
in the diagnosis and therapeutic planning
for patients with intracranial tumors. Magnetic resonance imaging (MRI), in particular, has emerged as the imaging method
most frequently utilized for evaluating intracranial tumors, playing an increasing
and significant role in these cases. Advanced resources can be integrated into the
conventional techniques, adding physiological and biochemical data to anatomical information to improve the accuracy of
the method. Among these techniques, diffusion sequences and proton spectroscopy
can be mentioned(5).
Radiologically,
medulloblastomas
present a morphology similar to many other
tumors, such as cerebellar astrocytomas,
ependymomas or yet meningiomas which
should be considered in the differential diagnosis of any posterior fossa mass in children or young adults(6).
Considering the frequency of medulloblastomas in children and the difficulty in
the definition of a differential diagnosis
among posterior fossa tumors in this age
range, the authors have proposed a retrospective analysis of preoperative studies of
nine pediatric patients with medulloblastoma, and correlation of findings of conventional MRI, diffusion sequences and
proton spectroscopy in comparison with
data reported in the literature.

Preoperative MRI studies of nine pediatric patients with histopathologically confirmed diagnosis of medulloblastoma
(eight desmoplastic and one anaplastic
large-cell type) were retrospectively evaluated. These studies were performed in the
Unit of Magnetic Resonance Imaging at
Instituto de Radiologia do Hospital das
Clínicas da Faculdade de Medicina da
Universidade de São Paulo (InRad/HCFMUSP), along a four-year period. The
present study was developed in compliance
with the World Medical Association Declaration of Helsinki Principles for Medical
Research Involving Human Subjects.
All the studies were performed in a 1.5
T equipment (General Electric Medical
Systems; Milwaukee, USA), with 5 mmthick slices, utilizing the techniques spinecho (SE) with T1-weighted sequence
(366–500 ms/9–14 ms [repetition time/
echo time – TR/TE]), axial plane in all of
the cases and sagittal in seven cases; fast
spin-echo (FSE) with T2-weighted sequence (4,500–5,100 ms/99–102 ms – TR/
TE), axial plane in seven cases, coronal in
three and axial with fat-saturation in two
cases; fluid-attenuated inversion recovery
(FLAIR) (8,402–10,002 ms/110–157 ms/
2.200 ms – TR/TE/TI [inversion time]),
axial plane in all of the cases. After intravenous paramagnetic contras injection (gadolinium at the usual dose of 0.1 mmol/kg),
the T1-weighted sequence was repeated in
the axial, coronal and sagittal planes for all
the nine patients. Advanced techniques
such as diffusion sequence and proton
spectroscopy were utilized in nine and
seven patients respectively. Diffusion sequences were acquired previously to the
paramagnetic contrast injection, utilizing
b values = 0 and 1.000 s/mm² applied in the
X, Y and Z directions. Spectroscopy was
performed with the techniques stimulated
echo acquisition mode (STEAM) (1,500
ms/30 ms) and point resolved spectroscopy
(PRESS) (1,500 ms/135 ms), for seven
patients, with a single voxel on the lesion.
The STEAM technique was utilized for
evaluation of the metabolites ratio [Nacetyl aspartate/creatine (Naa/Cr), choline/
creatine (Co/Cr) and myo/inositol/creatine
(mI/Cr)], while the PRESS technique determined the lactate (Lac) peak.
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The images were analyzed on an Advantage-GE workstation (General Electric
Medical Systems; Milwaukee, USA) for
reconstruction of a map of apparent diffusion coefficient (ADC) and study of the
spectroscopy graphic. Demographic data
such as age and sex were considered as well
as data inherent to the tumor: localization,
morphology, signal intensity, enhancement,
tumor dissemination, features on the diffusion sequence and spectroscopic findings
(Naa/Cr, Co/Cr, mI/Cr ratios and presence
of Lac peak).
Metabolites ratios (Naa/Cr, Co/Cr and
mI/Cr) were compared with a control
group, whose data had been previously
collected. The casuistic included 37 (22
male and 15 female) healthy individuals
with ages ranging between three and 18
years submitted to spectroscopic study with
voxel on the cerebellar hemisphere. These
individuals had no neurological complaints
or symptoms, their skull MRI studies were
normal and their inclusion in the present
study was authorized by their legal representatives (Table 1)(7).
RESULTS
The casuistic included six girls (66.7%)
and three boys (33.3%) with ages ranging
between two and 19 years (mean = 8.5
years), six of them (66.7%) with ages ≤ 10
years.
The tumor was localized in the posterior
fossa in all of the nine patients, with the
epicenter in the cerebellar vermis, extending anteriorly towards the IV ventricle in
seven (77.8%) (including two adolescents
with 12 and 19 years of age); with involvement of the right cerebellar vermis and
Table 1 Metabolites ratios (Naa/Cr, Co/Cr and mI/
Cr) evaluated by the STEAM and PRESS techniques,
performed in the control group with voxel on the
cerebellar hemisphere.
Technique

n

Metabolites

Naa/Cr

STEAM
PRESS

25
37

1.07 ± 0.22
1.47 ± 0.27

Co/Cr

STEAM
PRESS

37
37

0.87 ± 0.17
1.12 ± 0.19

mI/Cr

STEAM

37

0.64 ± 0.12

n, number of sample; Naa, N-acetyl aspartate; Cr,
creatine; Co, choline; mI, myo-inositol; STEAM, stimulated echo acquisition mode; PRESS, point resolved
spectroscopy.
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hemisphere in a four-year-old child (11.1%);
and on the IV ventricle/encephalic trunk
topography in one case (11.1%).
In most of cases (88.9%) the tumors
were predominantly solid. Hypointense
signal was observed on T1-weighted sequences, and iso- or hyperintense signal on
T2-weighted and FLAIR sequences as related to the brain gray matter. All the tumors
were heterogeneous, possibly because of
the presence of cysts/necrosis, with the
maximum diameter of the cystic/necrotic
area reaching 3.4 cm. Heterogeneous en-

A

hancement was observed in all of the cases,
ranging from moderate to intense, and from
partial to total (Figure 1). In the preoperative evaluation, dissemination through the
cerebrospinal fluid was present in six patients (66.7%) (Figure 2). Extension to the
Luschka’s foramen was observed in four
patients (44.4%), one of them with concomitant involvement of the Magendie’s
foramen (Table 2). Diffusion sequence
demonstrated areas with restricted water
molecules mobility in all of the nine cases
(n = 9) (Figure 3). At the STEAM proton

B

spectroscopy (n = 7), the evaluation of
metabolites ratio could not be performed in
one case, possibly because of the magnetic
field heterogeneity and consequential decrease in the signal/noise ratio; in this case,
the metabolites ratio was classified as indeterminate. In the other six cases, spectroscopy demonstrated a decrease in the
Naa/Cr ratio in 83.3%, increase in the Co/
Cr ratio in 100%, and increase in the mI/Cr
ratio in 66.7% (Figure 4). The PRESS technique showed the lactate peak in 57.1% of
the seven cases evaluated (Table 3).

C

Figure 1. Medulloblastoma in a four-year old girl. Axial magnetic resonance images demonstrate a predominantly solid mass on the posterior fossa midline,
with the epiventer in the cerebellar vermis, extending anteriorly to the IV ventricle. The mass is heterogeneous, with a subtle hypointense signal on T1-weighted
sequence (A), hyperintense signal on FLAIR sequence (B) and partial/heterogeneous gadolinium-based contrast enhancement (C). Note the presence of intermingled cysts/necrosis (arrows).

A
Figure 2. Medulloblastoma in a two-year-old girl.
Axial magnetic resonance, T1-weighted image acquired after gadolinium injection, demonstrating an
expansile mass on the posterior fossa midline, with
intense and heterogeneous enhancement. Signs of
tumor dissemination characterized by nodular
meningeal enhancement (asterisks).
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B

Figure 3. Medulloblastoma in a four-year-old girl. Diffusion sequence (at left) demonstrates hyperintense
signal from an expansile lesion on the posterior fossa midline. The ADC map reconstruction (at right)
demonstrates predominant hypointense signal characterizing restriction to water molecules mobility.
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Table 2 – Evaluation of medulloblastomas by MRI
considering morphology, signal intensity, presence
of enhancement and dissemination pattern.
n

%

Morphological characteristic
Predominantly solid
Predominantly cystic

8
1

88.9%
11.1%

Signal intensity
Hyposignal on T1
Hypersignal on T2
Isointense signal on T2
Hypersignal on FLAIR
Isointense signal on FLAIR

9
8
1
7
2

100%
88.9%
11.1%
77.8%
22.2%

Enhancement
Present

9

100%

Dissemination
Cerebrospinal fluid
Luschka’s foramen
Magendie’s foramen
Absent

6
4
1
2

66.7%
44.4%
11.1%
22.2%

n, number of patients; FLAIR, fluid-attenuated inversion
recovery.

DISCUSSION
Most frequently medulloblastomas occur in children and adolescents, with a remarkable decrease in the incidence at the
second and third decades of life(8,9). For patients in the age range between zero and 19
years, the mean age where the tumor is diagnosed is 7.9 years, with 57.3% of cases
occurring between zero and 10 years of
age(8). The incidence is higher in male individuals, with a male/female ratio = 1.5–
2:1(8). The desmoplastic variant occurs
typically in adolescents or young
adults(10,11). In the present study, a female
predominance was observed (female/male,
2:1). Such finding may be associated with
limitations of the relatively small sample.
Differently from the literature(10,11), 75% of
the cases with desmoplastic variant in the

Table 3 Medulloblastomas behavior on diffusion sequences and proton spectroscopy.
Proton spectroscopy
Co/Cr(STEAM)

mI/Cr(STEAM)

Lac(PRESS)

0.72

1.39

0.63

Present

0.70

2.49

1.92

Present

Restriction

< 0.70

4.26

1.19

Absent

4

Restriction

< 0.70

5.87

1.32

Absent

5

Restriction

1.19

2.84

1.26

Absent

6

Restriction

Not performed

Not performed

Not performed

Not performed

7

Restriction

Not performed

Not performed

Not performed

Not performed

8

Restriction

Indeterminate

Indeterminate

Indeterminate

Present

9

Restriction

< 0.70

4.10

0.75

Present

Case

Diffusion

1

Restriction

2

Restriction

3

Naa/Cr

(STEAM)

Naa, N-acetyl aspartate; Cr, creatine; Co, choline; mI, myo-inositol; Lac, lactate; STEAM, stimulated echo acquisition mode; PRESS, point resolved spectroscopy.

Figure 4. Medulloblastoma
in a four-year-old girl. STEAM
proton spectroscopy with a
single voxel on the tumor lesion demonstrates decrease
in the Naa/Cr ratio, increase
in the Co/Cr ratio, and presence of Lac peak. The PRESS
technique demonstrated Lac
peak inversion (not shown).
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present casuistic occurred in patients with
age ≤ 10 years.
The preferential site of this tumor is the
posterior fossa midline, the cerebellum
being involved in 94.4% of cases, with
more than 75% of these cases originating
from the cerebellar vermis. A more lateral
involvement of the cerebellar hemisphere
is typical of cases where this tumor is found
in older children, adolescent and young
adults. Fifteen to 20% of medulloblastomas
in children are found out of the midline.
This difference in localization seems to be
associated with the migration of undifferentiated cells of the posterior medullary
velum into upper and lateral directions(8,12–
14)
. The desmoplastic variant is preferentially localized in the cerebellar hemisphere(10,11), however, in the present small
series, despite the predominance of the
desmoplastic variant, the preferential site
of medulloblastoma was the cerebellar vermis. The tumor was found centered in the
cerebellar hemisphere in only one case
(11.1%), a four-year-old child. It is important to note, however, the median localization of medulloblastomas in the three adolescents included in the present casuistic.
Medulloblastomas are characterized as
solid, homogeneous or heterogeneous,
contrast-enhancing masses localized in the
posterior fossa, either compressing or extending into the IV ventricle. However,
several researchers have described atypical
findings identified at computed tomography (CT) and MRI(4,6,15,16). However, differences between the classic and desmoplastic medulloblastomas subtypes associated with signal intensity and pattern of
contrast enhancement have not been observed(16,17). Most of times, according to
Meyers et al.(16), medulloblastomas present
heterogeneous signal associated with the
presence of cysts necrosis, small blood
vessels and/or calcifications, presenting
from isointense to hypointense signal on
T1-weighted, and isointense to hyperintense signal on T2-weighted sequences.
The findings of the present study are similar to the above mentioned findings where
the tumors present heterogeneous signal in
all of the cases, with predominance of
hypointense signal on T1- and iso/
hyperintense signal on T2-weighted and
FLAIR sequences. In the present study, the
Radiol Bras. 2008 Nov/Dez;41(6):373–378
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presence of tumor cysts/necrosis was observed in 100% of cases. Several authors
have found the presence of cysts/necrosis
in medulloblastomas, with prevalence
ranging from 47% to 82% of cases(4,6,13,18).
This difference may be associated with the
higher MRI sensitivity for detecting small
cysts in the posterior fossa as compared
with CT or the variation in the age range
found in the different studies. In the present
casuistic, only one predominantly cystic
tumor was found with peripheral contrastenhancement. The gadolinium enhancement was heterogeneous and with variable
intensity in 100% of cases. In the literature,
the level of contrast-enhancement is quite
variable, the heterogeneous pattern being
considered as a rule(16).
The tumor extension through the IV
ventricle drainage foramina has been associated with ependymoma, because of the
“plastic” characteristics of this tumor(2,3).
However, medulloblastomas generally
grow into and fill the IV ventricle and also
may extend through the Magendie’s foramen and less frequently through the
Luschka’s foramina(2). According to the literature, 15% of medulloblastomas present
tumor extension through the Luschka’s
and/or Magendie’s foramina(6,17). In the
present study, tumor extension through the
Luschka’s foramen was observed in four
cases (44.4%), one of them also involving
the Magendie’s foramen. These findings
emphasize the necessity of including
medulloblastoma in the differential diagnosis of tumors affecting the IV ventricle
drainage foramina.
The staging of medulloblastomas is
based on the tumor size and extent as well
as on the presence or not of metastasis
through the cerebellar fluid or out of the
central nervous system. These tumors
present a marked tendency to dissemination through the cerebellar fluid to the
whole neuroaxis, affecting the ventricular
surfaces, the subarachnoid space and nervous roots(4,19,20). Dissemination through
the cerebellar fluid is identified in about
20%-50% of patients in the initial diagnosis, with diffuse and nodular metastases
being frequently found(20). Considering the
high incidence of dissemination findings at
the diagnosis and consequential worsening
in the prognosis, imaging evaluation of the
Radiol Bras. 2008 Nov/Dez;41(6):373–378

whole neuroaxis is required before the
treatment initiation(19). Magnetic resonance
images acquired after gadolinium injection
have shown to be more sensitive for the
diagnosis of subarachnoid dissemination as
compared with myelotomography and
cerebrospinal fluid cytology(21,22). According to Meyers et al.(22), leptomeningeal
enhancement (representing subarachnoid
tumor) was the most specific finding corresponding to tumor dissemination (97%).
In the present study, signs of intracranial
cerebrospinal fluid dissemination were
observed in 66.7% of cases, most of them
represented by linear or nodular meningeal
enhancement as well as by the presence of
intraventricular implant.
Despite the non-specificity of ADC values for evaluating the histology of all types
of brain tumors, the application of this parameter in pediatric patients with posterior
fossa tumors is indicated(23). The ADC is
inversely proportional to the cellular density, presumably secondary to the tortuosity of the interstitial space and to the resulting restriction of water molecules mobility.
So, the high lesion cellularity leads to an
increase in the diffusion signal and consequently hyposignal on the ADC map(5,23).
In a retrospective analysis of 32 pediatric
patients with posterior fossa tumors,
Rumboldt et al.(23) have established ADC
cut off values where values > 1.40 x 10–³
mm²/s were 100% specific for juvenile
pilocytic astrocytoma, whereas values <
0.90 x 10–³ mm²/s were 100% specific for
medulloblastoma and atypical rabdoid/
teratoid tumor; measurements between
1.00 and 1.30 x 10–³ mm²/s were specific
for the majority of ependymomas. In a visual, subjective evaluation of the ADC
map, these findings correspond to a marked
hypersignal for juveline pilocytic astrocytoma, moderate hypersignal for ependymoma, and hypo- to isosignal for medulloblastoma and atypical rabdoid/teratoid tumor. In 100% of the present casuistic, a
visual, subjective evaluation demonstrated
areas of restriction to water molecules
mobility, i.e., areas of hyposignal on the
ADC map, probably associated with the
high cellularity of medulloblastomas.
MRI spectroscopy is a non-invasive
technique that allows the characterization
of the biochemical profile of brain tissues.

Naa is a marker for neuronal density and
feasibility that is found at decreased concentrations in tumor lesions supposedly as
a result of the replacement of neurons by
neoplastic cells. The main Naa peak corresponds to 2.02 ppm. The Co peak reflects
the cellular membrane turnover and is increased in the presence of hypercellularity,
like in processes involving tumors. This
peak corresponds to 3.22 ppm. Myo-inositol (mI) is considered as a marker for glial
cells whose peak corresponds to 3.55 ppm.
Alteration in this peak is found in the presence of osmolarity disorders, white matter
diseases and low-grade neoplasms such as
grade II astrocytomas. Creatine levels are
relatively constant even under certain
pathological conditions, so this marker is
utilized as an internal reference. The main
Cr peak corresponds to 3.03 ppm. Lac that
is typically absent or found at low concentrations, is considered as a product from the
anaerobic glucose metabolism, and is
found at increased concentrations in tumors because of decreased oxidative respiration. Lac is found at 1.33 ppm, with a
double inverted peak on sequences with
long echo time (around 135 ms). Therefore,
decreased Naa peak, increase in Co and Mi
peaks, and detection of the Lac peak are
typical findings at proton spectroscopy for
primary neoplasms(5,24). According to
Costa(7), proton spectroscopy has allowed
the differentiation among the three main
types of tumor affecting the posterior fossa
in the pediatric age range. This author has
concluded that medulloblastoma demonstrated the higher Co/Cr and Co/Naa ratios
as compared with pilocytic astrocytoma
and ependymoma. In the present study, the
authors have demonstrated a decrease in
the Naa/Cr ratio in 83.3% of cases, and
increase in Co/Cr and mI/Cr ratios in respectively 100% and 66.7% of cases. Additionally, the Lac peak was demonstrated
in 57.1% of the tumors.
Diffusion sequence and proton spectroscopy findings should always be correlated with conventional MRI findings. The
set of macroscopic MRI findings added to
the biochemical characteristics of medulloblastomas, although non-specific, have
been useful in the differentiation of the main
types of posterior fossa tumors, improving
the diagnostic accuracy. It is important to
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note the relevance of these findings for an
appropriate staging and therapy planning to
improve the prognosis of these patients.
CONCLUSION
Typically, medulloblastomas present
like predominantly solid tumors centered
on the posterior fossa midline, with heterogeneous signal and predominance of
hyposignal on T1-weighted sequences, and
iso/hypersignal on T2-weighted sequences.
Gadolinium-based contrast enhancement is
frequent and heterogeneous, and tumor
dissemination through the cerebrospinal
fluid is frequently found. However, the
authors observed atypical findings associated with these tumors, such as cysts/tumor
necrosis and tumor extension to the IV
ventricle drainage foramina. The finding of
limited diffusion of water molecules suggests the diagnosis of medulloblastoma,
while spectroscopy demonstrates a pattern
of tumor lesion.
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