
PEDIATRIC RADIOLOGICAL CASE

Case Summary 
A toddler was brought to the 

emergency room for vomiting and a 
bulging anterior fontanelle.

 Imaging Findings
Noncontrast CT demonstrated a 

heterogeneous, hyperattenuating 
posterior fossa mass compressing 
the 4th ventricle anteriorly. This 
caused obstructive supratentorial 
hydrocephalus with interstitial flow 
of CSF (Figure 1).  

Brain MRI subsequently demon-
strated the mildly T2 hyperintense 
mass to be centered in the medi-
al aspect of the right cerebellar 
hemisphere with local mass effect, 
including compression of the 
fourth ventricle and brainstem 
(Figure 2). The solid portions of the 
mass showed restricted diffusion 
(Figure 3). Marked lateral ven-
tricular enlargement was present 
with increased signal intensity in 
the adjacent periventricular white 
matter corresponding to tran-
sependymal flow of CSF. The mass 
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Figure 1. Noncontrast CT 
of the head demonstrates 
a heterogeneous, 
hyperattenuating 
posterior fossa mass (red 
arrows) compressing the 
fourth ventricle anteriorly 
(yellow arrow), and 
enlarged temporal horns 
of the lateral ventricles 
(blue arrows).

was heterogeneously enhancing 
following gadolinium administra-
tion (Figure 4). 

Diagnosis
Medulloblastoma. Differential 

diagnosis includes ependymoma, 
astrocytoma, and atypical teratoid 
rhabdoid tumor.

Discussion
Medulloblastomas (MB) are a 

subtype of CNS embryonal tumors 

that arise exclusively in the posteri-
or fossa and are the most common 
malignancy in the pediatric popula-
tion, especially males, with a peak 
incidence around the age of 8 years. 
A well-circumscribed, hyperintense, 
round mass arising in the area of the 
cerebellar vermis, hemispheres, and 
fourth ventricle with impairment of 
CSF flow in male pediatric patients, 
is typical of MB. The incidence of MB 
begins to fall after childhood and is 
rarely seen in patients over age 40. 1

Historically, MBs have been 
defined histologically. This anatomic 
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Figure 2. (A) Coronal T2 
demonstrates mildly hyperintense 
mass (red arrows) with central 
hypointensity related to blood 
products (yellow arrow). Marked 
enlargement of the lateral ventricles 
(blue arrows) is present with 
increased signal intensity in the 
periventricular white matter which 
corresponds to transependymal 
flow of CSF (green arrows). (B) 
Sagittal T2 shows the mass within 
the cerebellum, compressing the 
fourth ventricle (yellow arrow) 
and compressing and displacing 
the brainstem anteriorly. A cystic 
component is seen within the 
anterosuperior aspect of the mass 
(blue arrow). Enlarged third ventricle 
(green arrow) and lateral ventricular 
catheter are also shown.

A B

A BFigure 3. Trace diffusion weighted 
image (A) and apparent diffusion 
coefficient (B) images show 
restricted diffusion with increased 
signal on DWI (red arrows) and 
decreased signal on ADC (yellow 
arrows).

approach to classification does not, 
however, influence the approach 
to therapy. Recently, MBs have 
been characterized using molecu-
lar subtyping, which has led to the 
creation of four additional categories 
to consider: WNT activated (WNT), 
sonic hedgehog activated (SHH) 
— which can be TP53-wildtype or 
mutant — and Group 3 and 4 , which 
are tumors not related to WNT or 
SHH, also sometimes grouped as 
non-WNT/non-SHH tumors.2 

Research into the molecular group-
ings of MBs demonstrate the hetero-
geneity of these tumors. SHH tumors 

have been linked to granular neuron 
precursor cells (GNP) of the cerebel-
lar external granule cell layer. WNT 
tumors appear to arise from progen-
itor cells in the dorsal brainstem. 
Group 3 tumors may occur in GNPs 
but also in cerebellar ventricular zone 
cells or other progenitors, and Group 
4 tumors, being the most heteroge-
neous of the groups, may arise from 
a variety of precursors.3 Molecular 
subtyping has been linked to patient 
outcomes and has been used to strati-
fy patients into risk categories.2

On computed tomography, MBs 
typically are hyperattenuating 

midline vermian masses with con-
trast enhancement that obstruct 
the fourth ventricle.1 However, 
magnetic resonance imaging is 
the gold standard for evaluating 
pediatric MB. MRI should include 
T1, T2, and diffusion weighted 
imaging (DWI).  The appearance 
of MB on T1 can range from hypo- 
to isointense, with masses on T2 
ranging from hypo- to hyperin-
tense.5 DWI is an excellent tool for 
discriminating different posterior 
fossa masses, with MBs showing 
increased restriction and diffuse 
hyperintense signal.5 

Applied Radiology44 January / February 2022



Medulloblastoma PEDIATRIC RADIOLOGICAL CASE

Evidence suggests MB molecular 
subtypes display specific features 
on MRI. One feature, tumor loca-
tion, appears to have a high positive 
predictive value for determining 
molecular subgroups.6 Perreault, et 
al, reported that WNT tumors often 
arise in the cerebellopontine angle 
cistern/cerebellar peduncle, SHH 
tumors (as is most likely in our case) 
most commonly arise in the cerebel-
lar hemispheres, and Group 3 and 4 
tumors arise within the vermis.6 

Further investigation has expanded 
upon these findings by showing that, 
while all molecular subtypes may be 
extracerebellar, only SHH tumors 
can be completely intracerebellar.7 In 
addition, WNT, Group 3, and Group 
4 tumors almost always invade the 
fourth ventricle.7 Currently, diagnos-
ing MB molecular subtypes based on 
MRI is not always standard of care, 
but continued research, refinement of 
MRI protocols, and improved technol-
ogy may create such a possibility.  

Treatment is based on the 
presenting size, shape, and age of 
the patient, typically starting with 
surgical resection followed by com-
bined radiation and chemotherapy. 
Imaging should include the entire 
neuroaxis to evaluate for leptomen-
ingeal metastasis.

Post-treatment imaging vigilance, 
including diffusion weighed imaging 
must be maintained to assess for re-
current tumor8 and delayed leptome-
ningeal spread of disease. 

Conclusion
Medulloblastomas are the most 

common pediatric malignant tumor 
and should be considered in any 
patient presenting with signs and 
symptoms of cerebellar dysfunction 
or intracranial hypertension. These 
tumors can be divided into molecular 
subgroups that influence treatment 
and, while not currently the standard 
of care, MRI may be beneficial to 
differentiate them.

Figure 4. Postcontrast 
axial T1 shows the 
heterogeneously 
enhancing mass centered 
in the medial aspect 
of the right cerebellar 
hemisphere with central 
hypointensity (yellow 
arrow) which corresponds 
to hemorrhage, 
and anterior cystic 
components (blue arrow).

Standard treatment consists of sur-
gical resection followed by radiation 
and chemotherapy.
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