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Abstract

Resumo

Medulloblastoma: correlation among findings of conventional
magnetic resonance imaging, diffusion-weighted imaging and
proton magnetic resonance spectroscopy™

Meduloblastoma: correlacdo entre ressondncia magnética convencional, difusdo e espectroscopia
de prétons

Mariana Vieira de Melo da Fonte', Raquel Portugal Guimardes Amaral®, Maria Olivia Rodrigues
Costa?, Maria Concepcién Garcia Otaduy?®, Leandro Tavares Lucato?, Umbertina Conti Reed?®,
Sergio Rosemberg®, Claudia da Costa Leite’

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 ml/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.

OBJETIVO: Correlacionar os achados de ressondncia magnética convencional, difusdo e espectroscopia de
prétons nos meduloblastomas, e compara-los aos dados da literatura. MATERIAIS E METODOS: Analise re-
trospectiva de exames de ressonancia magnética pré-operatérios de nove pacientes na faixa pediatrica com
diagnéstico histolégico de meduloblastoma (oito desmopléasicos e um de células gigantes). Foram conside-
rados dados demogréficos e caracteristicas do tumor como localizacdo, caracteristica morfolégica, intensi-
dade de sinal, realce, disseminacédo e achados na difusdo e espectroscopia. RESULTADOS: Na maioria dos
casos os tumores apresentaram epicentro no vermis cerebelar (77,8%), sendo predominantemente sélido
(88,9%), com hipossinal nas seqiiéncias ponderadas em T1 e iso/hipersinal nas seqiiéncias ponderadas em
T2 e FLAIR, realce heterogéneo (100%), sinais de disseminacéo/extensdo tumoral (77,8%) e restricdo a
movimentacédo das moléculas de agua (100%). A espectroscopia de prétons pela técnica STEAM (n = 6)
demonstrou reducdo da relacédo Naa/Cr (83,3%) e aumento de Co/Cr (100%) e ml/Cr (66,7%), e pela téc-
nica PRESS (n = 7) evidenciou pico de lactato (57,1%). CONCLUSAO: O conjunto dos achados macroscé-
picos obtidos pela ressonancia magnética, somado as caracteristicas bioquimicas dos meduloblastomas, tém
sido Uteis na tentativa de diferenciacdo entre os principais tumores da fossa posterior.

Unitermos: Meduloblastoma; Neoplasias infratentoriais; Tumores cerebrais pediatricos; Imagem por resso-
nancia magnética; Imagem de difusdo por ressonancia magnética; Espectroscopia de prétons.
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INTRODUCTION

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®.

Medulloblastoma is a primitive neuro-
ectodermal tumor typically occurringinthe
posterior fossain children®. Thistumor ac-
counts for 30%—-40% of posterior fossatu-
morsin children, whereit ismost common-
ly found, and for 15%—-25% of al pedia-
tric brain tumors. In adults, this tumor ac-
counts for 1% of the brain tumors®.

This tumor is a highly malignant and
fast-growing neoplasm®. Histological va-
riations include: classic medulloblastoma,
desmoplastic medulloblastoma, cerebellar
neuroblastoma, large-cell medulloblasto-
ma, medullomyoblastoma and melanatic
medulloblastoma®.

Imaging methods play an essential role
in the diagnosis and therapeutic planning
for patientswith intracranial tumors. Mag-
netic resonanceimaging (MRI), in particu-
lar, has emerged as the imaging method
most frequently utilized for evaluating in-
tracranial tumors, playing an increasing
and significant role in these cases. Ad-
vanced resources can beintegrated into the
conventional techniques, adding physi-
ological and biochemical datato anatomi-
cal information to improve the accuracy of
the method. Among these techniques, dif-
fusion sequences and proton spectroscopy
can be mentioned®.

Radiologically, medulloblastomas
present amorphology similar to many other
tumors, such as cerebellar astrocytomas,
ependymomas or yet meningiomas which
should be considered in the differential di-
agnosis of any posterior fossamassin chil-
dren or young adults®.

Considering the frequency of medullo-
blastomas 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 retro-
spective analysisof preoperative studies of
nine pediatric patients with medulloblas-
toma, and correlation of findings of con-
ventional MRI, diffusion sequences and
proton spectroscopy in comparison with
data reported in the literature.
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MATERIALSAND METHODS

Preoperative MRI studies of nine pedi-
atric patientswith histopathol ogically con-
firmed diagnosis of medulloblastoma
(eight desmoplastic and one anaplastic
large-cell type) wereretrospectively evalu-
ated. These studies were performed in the
Unit of Magnetic Resonance Imaging at
Instituto de Radiologia do Hospital das
Clinicas da Faculdade de Medicina da
Universidade de S&o Paulo (InRad/HC-
FMUSP), along a four-year period. The
present study was devel oped in compliance
with the World Medical Association Dec-
laration of Helsinki Principlesfor Medical
Research Involving Human Subjects.

All the studies were performed ina 1.5
T equipment (General Electric Medical
Systems; Milwaukee, USA), with 5 mm-
thick dlices, utilizing the techniques spin-
echo (SE) with T1l-weighted sequence
(366-500 Mms/9-14 ms [repetition time/
echo time — TR/TE]), axia planein all of
the cases and sagittal in seven cases; fast
spin-echo (FSE) with T2-weighted se-
guence (4,500-5,100 ms/99-102 ms— TR/
TE), axia plane in seven cases, corond 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 planein al of the cases. After intra-
venous paramagnetic contrasinjection (ga-
dolinium at the usual dose of 0.1 mmol/kg),
the T1-weighted sequence was repeated in
theaxial, coronal and sagittal planesfor all
the nine patients. Advanced techniques
such as diffusion sequence and proton
spectroscopy were utilized in nine and
seven patients respectively. Diffusion se-
quences were acquired previously to the
paramagnetic contrast injection, utilizing
bvalues=0and 1.000 Ymm? appliedinthe
X, Y and Z directions. Spectroscopy was
performed with the techniques stimulated
echo acquisition mode (STEAM) (1,500
ms/30 ms) and point resol ved spectroscopy
(PRESS) (1,500 ms/135 ms), for seven
patients, with asingle voxel on the lesion.
The STEAM technique was utilized for
evaluation of the metabolites ratio [N-
acety| aspartate/creatine (Naa/Cr), choline/
creatine (Co/Cr) and myo/inositol/creatine
(ml/Cr)], while the PRESS technique de-
termined the lactate (Lac) peak.

Theimageswereanalyzed on an Advan-
tage-GE workstation (General Electric
Medical Systems; Milwaukee, USA) for
reconstruction of a map of apparent diffu-
sion coefficient (ADC) and study of the
spectroscopy graphic. Demographic data
such asage and sex were considered aswel |
as data inherent to the tumor: localization,
morphology, signd intensity, enhancement,
tumor dissemination, features on the diffu-
sion sequence and spectroscopic findings
(Naa/Cr, Col/Cr, ml/Cr ratios and presence
of Lac peak).

Metabolites ratios (Naa/Cr, Co/Cr and
ml/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
individual shad no neurological complaints
or symptoms, their skull MRI studieswere
normal and their inclusion in the present
study was authorized by their legal repre-
sentatives (Table 1),

RESULTS

The casuisticincluded 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.

Thetumor waslocalized in the posterior
fossain al of the nine patients, with the
epicenter in the cerebellar vermis, extend-
ing anteriorly towards the IV ventricle in
seven (77.8%) (including two adolescents
with 12 and 19 years of age); withinvolve-
ment of the right cerebellar vermis and

Table 1 Metabolites ratios (Naa/Cr, Co/Cr and ml/
Cr) evaluated by the STEAM and PRESS techniques,
performed in the control group with voxel on the
cerebellar hemisphere.

Techniqgue n Metabolites

Naa/Cr STEAM 25 1.07 + 0.22
PRESS 37 147 £0.27

Co/Cr STEAM 37 0.87 £0.17
PRESS 37 1.12 = 0.19

ml/Cr STEAM 37 0.64 £0.12

n, number of sample; Naa, N-acetyl aspartate; Cr,
creatine; Co, choline; ml, myo-inositol; STEAM, stimu-
lated echo acquisition mode; PRESS, point resolved
spectroscopy.
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hemisphereinafour-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 se-
guences, and iso- or hyperintensesignal on
T2-weighted and FLAIR sequences as re-
lated to the brain gray matter. All thetumors
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-

hancement was observedin al of the cases,
ranging from moderatetointense, and from
partial to total (Figure 1). In the preopera-
tive evaluation, dissemination through the
cerebrospinal fluid was present in six pa-
tients (66.7%) (Figure 2). Extension to the
Luschka's foramen was observed in four
patients (44.4%), one of them with con-
comitant 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

spectroscopy (n = 7), the evaluation of
metabolitesratio could not be performedin
one case, possibly because of the magnetic
field heterogeneity and consequential de-
creaseinthesignal/noiseratio; inthiscase,
the metabolites ratio was classified as in-
determinate. In the other six cases, spec-
troscopy demonstrated a decrease in the
Naa/Cr ratio in 83.3%, increase in the Co/
Cr ratio in 100%, and increase in the ml/Cr
ratioin 66.7% (Figure4). The PRESStech-
nique showed the |actate peak in 57.1% of
the seven cases evaluated (Table 3).

Figure 1. Medulloblastoma in a four-year old gjrl. 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 in-
termingled cysts/necrosis (arrows).

Figure 2. Medulloblastoma in a two-year-old girl.
Axial magnetic resonance, T1-weighted image ac-
quired 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).

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 8 88.9%

Predominantly cystic 1 11.1%
Signal intensity

Hyposignal on T1 9 100%

Hypersignal on T2 8 88.9%

Isointense signal on T2 1 11.1%

Hypersignal on FLAIR 7T T77.8%

Isointense signal on FLAIR 2 222%
Enhancement

Present 9 100%
Dissemination

Cerebrospinal fluid 6 66.7%

Luschka’s foramen 4 44.4%

Magendie’s foramen 1 11.1%

Absent 2 22.2%

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

Most frequently medulloblastomas oc-
cur in children and adolescents, with are-
markable decrease in the incidence at the
second and third decades of 1ife®?. For pa-
tientsin the age range between zero and 19
years, the mean age where the tumor is di-
agnosed is 7.9 years, with 57.3% of cases
occurring between zero and 10 years of
age®. The incidence is higher in male in-
dividuals, with a male/female ratio = 1.5
2:1®. The desmoplastic variant occurs
typically in adolescents or young
adults® |n the present study, afemale
predominance was observed (female/male,
2:1). Such finding may be associated with
limitations of the relatively small sample.
Differently from theliterature®®Y, 759% of
the cases with desmoplastic variant in the

Table 3 Medulloblastomas behavior on diffusion sequences and proton spectroscopy.

Proton spectroscopy

Case Diffusion Naa/Cr'STEAW Co/CriSTEAM ml/CrSTEAV) LacPRESS)
1 Restriction 0.72 1.39 0.63 Present
2 Restriction 0.70 2.49 1.92 Present
3 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

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

Figure 4. Medulloblastoma
in a four-year-old girl. STEAM
proton spectroscopy with a
single voxel on the tumor le-
sion demonstrates decrease
in the Naa/Cr ratio, increase
in the Co/Cr ratio, and pres-
ence of Lac peak. The PRESS
technique demonstrated Lac
peak inversion (not shown).

present casuistic occurred in patients with
age< 10 years.

The preferential site of thistumor isthe
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
istypical of caseswherethistumor isfound
in older children, adolescent and young
adults. Fifteen to 20% of medulloblastomas
in children are found out of the midline.
Thisdifference in localization seemsto be
associated with the migration of undiffer-
entiated cells of the posterior medullary
veluminto upper and lateral directions®2-
) The desmoplastic variant is preferen-
tially localized in the cerebellar hemi-
sphere’®D  however, in the present small
series, despite the predominance of the
desmoplastic variant, the preferential site
of medulloblastomawasthe cerebellar ver-
mis. The tumor was found centered in the
cerebellar hemisphere in only one case
(11.1%), afour-year-old child. It isimpor-
tant to note, however, the median localiza-
tion of medulloblastomasin the three ado-
lescents included in the present casuistic.

Medulloblastomas are characterized as
solid, homogeneous or heterogeneous,
contrast-enhancing masseslocalized in the
posterior fossa, either compressing or ex-
tending into the IV ventricle. However,
several researchers have described atypical
findings identified at computed tomogra-
phy (CT) and MRI“81518) However, dif-
ferences between the classic and desmo-
plastic medulloblastomas subtypes associ-
ated with signal intensity and pattern of
contrast enhancement have not been ob-
served®1”). Most of times, according to
Meyerset al.™®, medull oblastomas 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 hyperin-
tense signal on T2-weighted sequences.
Thefindings of the present study are simi-
lar to the above mentioned findings where
the tumors present heterogeneoussignal in
al 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
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presence of tumor cysts/necrosis was ob-
served in 100% of cases. Several authors
have found the presence of cysts/necrosis
in medulloblastomas, with prevalence
ranging from 47% to 82% of cases*®1318),
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
foundinthedifferent studies. In the present
casuistic, only one predominantly cystic
tumor was found with peripheral contrast-
enhancement. The gadolinium enhance-
ment was heterogeneous and with variable
intensity in 100% of cases. Intheliterature,
the level of contrast-enhancement is quite
variable, the heterogeneous pattern being
considered as a rule®™®,

The tumor extension through the IV
ventricle drainage foramina has been asso-
ciated with ependymoma, because of the
“plastic” characteristics of this tumor®9.
However, medulloblastomas generally
grow into and fill the IV ventricle and also
may extend through the Magendi€'s fora-
men and less frequently through the
Luschka'sforamina®. According to thelit-
erature, 15% of medulloblastomas present
tumor extension through the Luschka's
and/or Magendie's foramina®'”. 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
medulloblastomain thedifferential diagno-
sis of tumors affecting the IV ventricle
drainage foramina.

The staging of medulloblastomas is
based on the tumor size and extent aswell
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 dissemina-
tion through the cerebellar fluid to the
whole neuroaxis, affecting the ventricular
surfaces, the subarachnoid space and ner-
vous roots*1%29 Dissemination through
the cerebellar fluid is identified in about
20%-50% of patients in the initial diagno-
sis, with diffuse and nodular metastases
being frequently found®. Considering the
highincidence of dissemination findings at
the diagnosisand consequential worsening
inthe prognosis, imaging evaluation of the
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whole neuroaxis is required before the
treatment initiation®®. Magnetic resonance
images acquired after gadoliniuminjection
have shown to be more sensitive for the
diagnosisof subarachnoid dissemination as
compared with myelotomography and
cerebrospinal fluid cytology®?2. Accord-
ing to Meyers et a., leptomeningeal
enhancement (representing subarachnoid
tumor) was the most specific finding cor-
responding to tumor dissemination (97%).
In the present study, signs of intracrania
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.

Despitethe non-specificity of ADC val-
uesfor evaluating the histology of all types
of brain tumors, the application of this pa-
rameter in pediatric patients with posterior
fossa tumors is indicated®. The ADC is
inversely proportional to the cellular den-
sity, presumably secondary to the tortuos-
ity of theinterstitial space and totheresult-
ing restriction of water moleculesmobility.
So, the high lesion cellularity leads to an
increase in the diffusion signal and conse-
quently hyposignal on the ADC map®23,
In aretrospective anaysis of 32 pediatric
patients with posterior fossa tumors,
Rumboldt et al.® have established ADC
cut off values where values > 1.40 x 103
mm?/s were 100% specific for juvenile
pilocytic astrocytoma, whereas values <
0.90 x 107 mm?/s were 100% specific for
medulloblastoma and atypical rabdoid/
teratoid tumor; measurements between
1.00 and 1.30 x 103 mm?/s were specific
for the majority of ependymomas. In a vi-
sual, subjective evaluation of the ADC
map, thesefindings correspond to amarked
hypersignal for juveline pilocytic astrocy-
toma, moderate hypersignal for ependy-
moma, and hypo- to isosignal for medullo-
blastoma and atypical rabdoid/teratoid tu-
mor. 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 con-
centrationsin tumor lesions supposedly as
aresult of the replacement of neurons by
neoplastic cells. The main Naa peak corre-
sponds to 2.02 ppm. The Co peak reflects
the cellular membrane turnover and isin-
creased in the presence of hypercellularity,
like in processes involving tumors. This
peak correspondsto 3.22 ppm. Myo-inosi-
tol (ml) is considered as a marker for glial
cellswhose peak correspondsto 3.55 ppm.
Alterationin thispeak isfound in the pres-
ence of osmolarity disorders, white matter
diseases and |ow-grade neoplasms such as
grade Il 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
istypically absent or found at low concen-
trations, isconsidered asaproduct from the
anaerobic glucose metabolism, and is
found at increased concentrations in tu-
mors because of decreased oxidative res-
piration. 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, increasein Co and Mi
peaks, and detection of the Lac peak are
typical findings at proton spectroscopy for
primary neoplasms®?%, According to
Costal”, proton spectroscopy has allowed
the differentiation among the three main
typesof tumor affecting the posterior fossa
in the pediatric age range. This author has
concluded that medulloblastoma demon-
strated the higher Co/Cr and Co/Naaratios
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 ml/Cr ratios in re-
spectively 100% and 66.7% of cases. Ad-
ditionally, the Lac peak was demonstrated
in 57.1% of the tumors.

Diffusion sequence and proton spec-
troscopy findings should always be corre-
lated with conventional MRI findings. The
set of macroscopic MRI findings added to
thebiochemical characteristics of medullo-
blastomas, although non-specific, have
been useful inthedifferentiation of themain
types of posterior fossatumors, 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 fossamidline, with hetero-
geneous 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 associ-
ated with thesetumors, such as cysts/tumor
necrosis and tumor extension to the 1V
ventricledrainageforamina Thefinding of
limited diffusion of water molecules sug-
gests the diagnosis of medulloblastoma,
while spectroscopy demonstrates a pattern
of tumor lesion.

REFERENCES

1. Becker LE. Pathology of pediatric brain tumors.
Neuroimaging Clin N Am. 1999;9:671-90.

2. Smirniotopoulos JG. The new WHO classification
of brain tumors. Neuroimaging Clin N Am. 1999;
9:595-613.

3. Luh GY, Bird CR. Imaging of brain tumorsin the
pediatric population. Neuroimaging Clin N Am.
1999;9:691-716.

378

10.

12.

13.

14.

Fonte MVM et al.

. Sandhu A, Kendall B. Computed tomography in

management of medulloblastomas. Neuroradiol-
ogy. 1987;29:444-52.

. Al-Okaili RN, KrejzaJ, Wang S, et a. Advanced

MR imaging techniques in the diagnosis of
intraaxial brain tumors in adults. Radiographics.
2006;26:173-89.

. Mueller DR, Moore SA, Sato Y, et d. MRI spec-

trum of medulloblastoma. Clin Imaging. 1992;16:
250-5.

. Costa MO. Estudo por imagens convencionais e

espectroscopia de prétons por ressonancia mag-
nética dos tumores da fossa posterior na faixa
etéria pediatrica [tese de doutorado]. Sdo Paulo:
Faculdade de Medicina da Universidade de S&o
Paulo; 2003.

. Roberts RO, Lynch CF, JonesMP, et a. Medullo-

blastoma: a population-based study of 532 cases.
J Neuropathol Exp Neurol. 1991;50:134-44.

. Reis Filho JS, Gasparetto EL, Faoro LN, et a.

Meduloblastomas: achados clinicos, epidemiol -
gicos e andomo-patol 6gicos de 28 casos. Arq
Neuropsiquiatr. 2000;58:76-80.

Stavale JN, Cruz JRS. Meduloblastoma desmo-
plésico: fatores histol 6gicos de progndstico. Arq
Neuropsiquiatr. 1993;51:487-90.

. Levy RA, Blaivas M, Muraszko K, et al. Desmo-

plastic medulloblastoma: MR findings. Am J
Neuroradiol. 1997;18:1364—6.

Koeller KK, Rushing EJ. From the archives of the
AFIP: medulloblastoma: acomprehensivereview
with radiologic-pathologic correlation. Radio-
graphics. 2003;23:1613-37.

Bourgouin PM, Tampieri D, Grahovac SZ, et d.
CT and MR imaging findings in adults with cer-
ebellar medulloblastoma: comparison with find-
ings in children. AJR Am J Roentgenol. 1992;
159:609-12.

Nelson M, Diebler C, Forbes WS. Paediatric
medulloblastoma: atypical CT features at presen-

tation in the SIOP |1 trial. Neuroradiology. 1991;
33:140-2.

15. Barkovich AJ. Intracranial, orbital, and neck tu-
mors of childhood. In: Barkovich AJ, editor. Pe-
diatric neuroimaging. Philadelphia: Lippincott
Williams & Wilkins; 2000. p. 443-580.

16. Meyers SP, Kemp SS, Tarr RW. MR imaging
features of medulloblastomas. AJR Am J
Roentgenol. 1992;158:859-65.

17. Tortori-Donati P, Fondelli MP, Rossi A, et al.
Medulloblastoma in children: CT and MRI find-
ings. Neuroradiology. 1996;38:352-9.

18. Carvalho Neto A, Gasparetto EL, Ono SE, et al.
Adult cerebellar medulloblastoma: CT and MRI
findingsin eight cases. Arq Neuropsiquiatr. 2003;
61:199-203.

19. Packer RJ, Cogen P, VezinaG, et a. Medulloblas-
toma: clinical and biologic aspects. Neuro Oncol.
1999;1:232-50.

20. Oshborn AG. Meningeomas e outras neoplasiasnéo
gliais. In: Osborn AG, editor. Diagndstico neuror-
radiol6gico. Rio de Janeiro: Revinter; 1999. p.
579-625.

21. Heinz R, Wiener D, Friedman H, et al. Detection
of cerebrospinal fluid metastasis: CT myelogra-
phy or MR? AINR Am J Neuroradiol. 1995;16:
1147-51.

22. Meyers SP, Wildenhain SL, Chang JK, et a. Post-
operative evaluation for disseminated medullo-
blastoma involving the spine: contrast-enhanced
MR findings, CSF cytologic analysis, timing of
disease occurrence, and patient outcomes. AINR
Am J Neuroradiol. 2000;21:1757-65.

23. Rumboldt Z, Camacho DLA, Lake D, et al. Ap-
parent diffusion coefficientsfor differentiation of
cerebellar tumors in children. AINR Am J
Neuroradiol. 2006;27:1362-9.

24, Wang ZJ, Zimmerman RA. Proton MR spectros-
copy of pediatric brain metabolic disorders.
Neuroimaging Clin N Am. 1998;8:781-807.

Radiol Bras. 2008 Nov/Dez;41(6):373-378



