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Abstract 

Manifestations of an atypical variant of medulloblastoma of the posterior fossa in extra-axial locations have been 
reported, and key questions concerning its interpretation have been raised previously. This review illustrated the clin‑
ico-radiological and histopathological features of the posterior fossa extra-axial medulloblastoma and described pos‑
sible management strategies. We thoroughly reviewed all atypical anatomical locations of medulloblastoma reported 
within the posterior fossa and extra-axial spaces. The main characteristics of diagnostic imaging and histopathological 
results, primarily the distinctive radiopathological characteristics, were summarized to distinguish between intra- and 
extra-axial medulloblastoma, or pathologies mimicking this tumor. Most cases of posterior fossa extra-axial medullo‑
blastoma have been reported in the cerebellopontine angle, followed by the tentorial and lateral cerebellar locations. 
The dural tail sign, which is commonly observed in meningioma, is rarely seen in intra- or extra-axial medulloblas‑
toma and might be associated with other benign or malignant lesions. In addition to magnetic resonance imaging, 
the proposed new imaging techniques, including advances in modern neuroimaging modalities, were discussed, as 
potentially efficient modalities for characterizing extra-axial medulloblastoma. Radionuclide imaging and magnetic 
resonance perfusion imaging are practical alternatives to limit the number of differential diagnoses. We believe that 
medulloblastoma cases are likely under-reported because of publication bias and frequent tumors in unusual loca‑
tions. Addressing these issues would help establish a more accurate understanding of this entity.
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Key points

•	 Medulloblastoma is a common brain tumor; there-
fore, understanding its variations is crucial.

•	 Neuroimaging is helpful in the preoperative neu-
roaxis evaluation and postoperative assessment of 
medulloblastoma.

•	 Identifying and categorizing metastatic disease dur-
ing diagnosis is paramount for effective therapy.

•	 Deciphering this challenging diagnosis can reflect 
positively on a patient’s prognosis.

Background
Medulloblastomas, which are undifferentiated embryo-
nal neuroepithelial tumors, originate from primitive 
multipotent cells of the cerebellum and spread to the 
germ cell migration tract [1]. Other sites of origin of 
medulloblastomas have also been reported, including 
the lateral medullary velum and the cerebellar flocculus 
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[2]. The most recent World Health Organization (WHO) 
Classification from 2016 integrates a modular diagnostic 
approach with the incorporation of genetically defined 
entities of medulloblastomas, regardless of their ana-
tomical locations. According to this classification, there 
are four genetic (molecular) groups of medulloblastoma: 
the wingless (WNT)-activated and the Sonic Hedgehog 
(SHH)-activated groups, and the groups numerically des-
ignated as “group 3” and “group 4” [3].

Notably, medulloblastomas are common malignan-
cies in pediatric patients, accounting for 25% of all brain 
tumors of childhood, typically arising from the cerebellar 
vermis. In contrast, adulthood medulloblastomas are typ-
ically observed within the paramedian region or laterally 
within the cerebellar hemisphere, and account for < 1% of 
primary brain tumors among adults [1].

Recently, advanced neuroimaging techniques have 
revealed the presence of medulloblastoma in extra-axial 
locations [1, 2]. The hypothesis behind the origin of 
extra-axial variations remains controversial. One study 
postulated that they originated from primary multipo-
tential cells in the cerebellum and propagated to the germ 
cell [1]. Other reports have suggested a possible origin 
from the cerebellar flocculus migration tract or the outer 
granular layer in the neuroepithelial roof of the fourth 
ventricle [2, 4]. Clinically, medulloblastomas manifest 
with nonspecific symptoms, such as headache, fatigue, 
vomiting, and cerebellar dysfunction. During disease 
progression, symptoms of increased intracranial pressure 
(i.e., lethargy, vomiting, seizures, and vision and behavior 
changes) predominate [5].

Radiologically, medulloblastoma appears as a con-
trast-enhanced hyperdense region on a computed 
tomography (CT) scan, often compressing the fourth 
ventricle; iso- to hypointense on T1-weighted mag-
netic resonance (MR) images; and hyperintense on 
T2-weighted MR images [2]. A characteristic diffusion 
restriction is predominantly observed on MR images 
because of its high cellularity and a high nuclear-to-
cytoplasmic ratio [6]. MR spectroscopy typically reveals 
a small taurine peak, a high choline peak, an increase in 
the choline/creatinine and choline/N-acetyl aspartate 
(NAA) ratios, and a decreased NAA peak [6, 7]. Primi-
tive evidence suggested group-specific spectral pat-
terns, with high taurine peaks and low levels of lipids 
in “group 3” and “group 4,” and high choline and lipid 
peaks in SHH-activated medulloblastoma with only 
trace or absent taurine peaks [8]. Microscopic analyses 
indicated that adult and pediatric variants of medul-
loblastoma appear identical, with the desmoplastic 
variant occurring predominantly in adulthood [9, 10]. 
Medulloblastomas are characterized by the presence 
of heterogenous densely packed blue cell tumors, with 

round to oval, highly hyperchromic nuclei surrounded 
by scant cytoplasm. In addition, DNA microarrays 
reveal a distinct gene expression pattern, suggesting 
that medulloblastoma is not a primitive neuroectoder-
mal tumor [11].

Combined therapy, consisting of a maximally radical 
surgery followed by chemotherapy and adjuvant irra-
diation of the entire central nervous system, is typically 
recommended [12]. Prognosis is essentially dependent 
on the genetic and molecular subtype, with the worst 
prognosis observed in “group 3” and the best observed in 
the WNT-activated subtype [13]. This review elucidated 
the characteristics of the posterior fossa extra-axial vari-
ations of medulloblastoma in comparison with the typi-
cal intra-axial medulloblastoma in terms of their clinical 
features, imaging characteristics, histologic subtypes, and 
prognosis. Furthermore, we illustrated similar lesions, 
summarizing the differences based on the characteris-
tics of a variety of neoplastic and non-neoplastic diseases 
that present as masses in the posterior fossa extra-axial 
regions.

Search strategy
We searched for articles published in PubMed until 
August 2020. Search strings consisted of a combination 
of the following terms: “medulloblastoma,” “extra-axial,” 
and “exophytic growth.” The literature search was con-
ducted by three board-certified radiologists among the 
authors (AMS, AHA, SSS). In total, 27 articles met our 
eligibility criteria (Table 1). These reports conformed to 
our definition of extra-axial medulloblastoma, as a pro-
cess occurring separately and apart from the brain paren-
chyma, rather than a mere surface-localized exophytic 
growth. Additionally, we compared these parameters 
with those of extra-axial mimicking lesions and typical 
intra-axial medulloblastoma.

Discussion of clinical review results
“Extra-axial variant of medulloblastoma” is a descriptive 
term indicating that the lesion originates externally to the 
brain parenchyma and not from an exophytic outgrowth, 
beyond the pial surface (i.e., it can originate from the 
skull, meninges, cranial nerves, and brain appendages) 
[14]. Based on our extensive literature review, the poste-
rior fossa extra-axial variations of medulloblastoma are 
classified according to their exact topographic location, 
with a categorical quantification of the reviewed cases 
regarding the overall percentage of participants’ sex, age, 
tumor location, and treatments administered (Figs. 1, 2, 
3) for a better comprehension of the disease process, as 
follows:
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Cerebellopontine angle (CPA) location
The CPA is an extra-axial wedge-shaped cisternal space 
bounded by the lateral petro-temporal bone, cerebellum, 

and brain stem medially, as well as by the inferior cra-
nial nerves (CN IX, X, and XI) [15]. Most posterior fossa 
extra-axial medulloblastomas are reported to be located 
in the CPA. In total, 43 (86%) of the cases were found 
from the PubMed database when writing this review. 
Twenty-six of them were of adult patients (i.e., ≥ 18 years) 
with a male predominance (25 cases) (Table  1). One 
hypothesis claimed that these medulloblastomas arise 
from the remnants of the external granular layer of the 
cerebellar hemisphere, or from the proliferating residue 
of the lateral medullary velum, where it meets the CPA 
[16]. Another hypothesis suggests a lateral spread to the 
CPA through the foramen of Luschka or from a direct 
exophytic growth of the lesion in the cerebellum or the 
pons [16]. No sex predilection has been identified [16].

There are various clinical presentations of CPA 
medulloblastomas, which are difficult to distinguish 
from those of other CPA neoplastic or non-neoplastic 
lesions [16]. Interestingly, the short-term duration of 
symptoms and progression of brainstem dysfunction 
and hydrocephalus suggest that the lesions originate 
from the parenchyma, rather than from extra-axial 
regions. The commonly encountered clinical manifes-
tations are headache, vomiting, nausea, and cerebellar 
signs, while hearing deficits and facial nerve involve-
ment are infrequently encountered and may occur as 
late manifestations [17, 18]. Rarely, extra-axial CPA 
medulloblastoma may present with a dural-based 
appearance with hyperostosis, simulating a petrosal 
meningioma [10]. A few studies have also identified 
cystic changes, calcifications, and metastases in cases 
of CPA medulloblastomas [16]. The most common CPA 
neoplasm is vestibular schwannoma, which accounts 
for 90% of such cases, followed by meningioma and 
epidermoid inclusion cyst [17]. The aggressive nature 
of this tumor and the short duration of its symptoms 

Fig. 1  Participant distribution according to sex (a) and age (b) (pediatric, age < 18 years; adult, age ≥ 18 years)

Fig. 2  Tumor locations and their corresponding prevalence

Fig. 3  Overview of followed treatment protocols and their 
corresponding prevalence
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suggest that a differential diagnosis is needed to distin-
guish a medulloblastoma and an atypical hypercellular 
lesion in the CPA (Table 2).

The primary components of CPA medulloblastoma 
are two molecular subgroups, including WNT-acti-
vated and SHH-activated medulloblastoma [19]. CPA 
medulloblastoma in adult patients appears to have 
a favorable prognosis. However, a poor prognosis is 
observed in pediatric patients [20]. We present the 
case of a 7-year-old child who was diagnosed with the 
WNT-activated type of medulloblastoma based on 
imaging and post-surgical pathology results (Fig.  4). 
Two-year follow-up after adjuvant therapy revealed no 
recurrence.

Tentorial location
The cerebellar tentorium is a crescent-shaped dural 
reflection that extends across the posterior cranial fossa, 

separating the occipital and temporal brain hemisphere 
from the cerebellum and the infratentorial brainstem 
[21].

The tentorial location is considered to be the second 
most common location of medulloblastomas after the 
CPA. The presence of medulloblastomas at this location 
was first described by Becker et  al. [22] in 1995. Only 
four adult cases (8%) were found in the PubMed data-
base in the present search, with an equal male to female 
ratio (Table  1). Medulloblastomas in this or in the lat-
eral cerebellar location are difficult to differentiate from 
meningiomas or other pathologies, especially when the 
medulloblastomas exhibit dural tail signs (Table  2) [10, 
23]. Histopathological analysis revealed the SHH-acti-
vated subgroup among all cases of medulloblastomas 
in this location [24]. Overall, a high degree of suspicion 
should be raised when considering medulloblastomas 
in the differential diagnoses of an adult patient with an 

Table 2  Clinical and imaging features of common pathologies mimicking medulloblastoma

CSF cerebrospinal fluid, FLAIR fluid-attenuated inversion recovery, rCBV relative cerebral blood volume, MRI magnetic resonance images, VHL Von Hippel-Lindau, CT 
computed tomography

Diagnosis Common features

Meningioma Short duration of symptoms, lack of cranial nerve involvement, and bony hyperostosis
A well-demarcated lesion
Follow the gray matter signal intensity

Cholesteatoma A destructive lesion with bony erosion
Restricted diffusion on diffusion-weighted images

Nerve sheath tumor Destruction of the internal auditory canal
Follow the signal intensity of the white matter
Cystic degeneration and hemorrhagic components are common

Epidermoid inclusion cyst Follow the signal intensity of CSF with incomplete FLAIR suppression
Restricted diffusion and no enhancement on post-contrast images

Metastasis History of a primary malignant lesion
Metastatic work-up to look for other masses

Primary bone tumor Bony origin with erosion and a calcification or ossification pattern

Choroid plexus papilloma Well-defined lesion located in the foramen of Luschka
Feathery appearance with restricted diffusion and intense postcontrast enhancement

Hemangioblastoma Young and middle-aged adults
High intrinsic vascularity, as evidenced by high rCBV values on perfusion MRI
If multiple, strong association with VHL syndrome

Atypical teratoid rhabdoid tumor Heterogenous solid-cystic mass occurring off-midline in children < 3 years of age

Pilocytic astrocytoma Cystic lesion with a pathognomonic mural nodule
Hypodense on CT images

(See figure on next page.)
Fig. 4  A A 7-year-old child was sent to our hospital with a suspected brain tumor. Unenhanced brain CT scan with the axial (a) and sagittal (b) 
reformats. There is a well-defined hyperdense complex mass in the posterior fossa (asterisks). The mass is centered on the right CPA and surrounded 
by a fissure of the CSF (cleft sign), proving its extra-axial origin (arrowheads). It induces a mass effect on the ipsilateral cerebellar hemisphere, middle 
cerebellar peduncle, and pons (benched arrows), resulting in obstructive hydrocephalus. CPA cerebellopontine angle, CSF cerebrospinal fluid, CT 
computed tomography. B Brain MRI images without (a, c-d) and with intravenous contrast (b). There is a sizeable multilobulated mass located at 
the right CPA (asterisks). The T1-weighted (not shown) and coronal T2-weighted images (a) show iso-signal intensity relative to the gray matter. 
Following contrast administration, an avid enhancement was depicted (b; sagittal T1 fat saturated), with restricted diffusion on diffusion-weighted 
images (c, d). This mass exerts a significant mass effect on the brain stem (arrow; b) with the resultant obstructive hydrocephalus (benched 
arrow; a). The entire neuro-axial imaging was not remarkable (not shown). MRI magnetic resonance imaging, CPA cerebellopontine angle. C 
Histopathological analysis following surgery with various magnifying powers. (a) A highly cellular tumor was showing undifferentiated cells with 
variable growth patterns, including small uniform round carrot-shaped cells with hyperchromatic and cytoplasmic nuclei. (b) Distinct fibrillary 
background composed of cellular processes corresponding to the embryonic class of medulloblastoma
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extra-axial tentorial midline mass with atypical features. 
The prognosis of tentorial medulloblastoma remains 
uncertain because of the small number of reported cases 
and the short-term follow-up examination period. We 
present the case of a 17-year-old male who was diagnosed 
with the SHH-activated type of medulloblastoma based 
on imaging and post-surgical pathology results (Fig.  5). 
One-year follow-up after adjuvant therapy revealed no 
recurrence.

Lateral cerebellar location
The lateral cerebellar region, which includes the retro-
cerebellar region, is considered the third most common 
location after the CPA and tentorial regions. This site 
is bounded beyond the border of the lateral cerebellar 
hemisphere and also includes the retro-cerebellar site 
and is marginated by the mastoid part of the temporal 
and occipital bones. It is an extremely rare location for 
an extra-axial medulloblastoma. Medulloblastoma cases 
in this location were first reported by Meshkini et al. [23] 
in 2014. The reports were found through PubMed during 
our research and included only three patients (6%, i.e., 
two adult cases and one pediatric case of medulloblas-
toma [male:female ratio, 2:1]; Table 1) [24–26].

Medulloblastomas in this location are assumed to 
arise from the remnants of the external granular layer 
in the cerebellar hemisphere. Similar to medulloblasto-
mas at the tentorial location, it is difficult to differenti-
ate medulloblastomas in this region from meningiomas 
or other pathologies, especially when medulloblasto-
mas exhibit dural tail signs, which is usually observed 
in meningiomas in this or in the tentorial location 
(Table 2). The lateral cerebellar medulloblastoma prog-
nosis remains uncertain because of the small number 
and short-term follow-up period of the reported cases 
[10, 24]. We present the case of a 17-year-old male 
diagnosed with medulloblastoma of a nodular desmo-
plastic type based on imaging and post-surgical pathol-
ogy results (Fig. 6). Three-year follow-up after adjuvant 
therapy revealed no recurrence.

Foramen magnum location
The foramen magnum is the largest foramen of the 
skull, which is located in the most inferior part of the 
cranial pit as a part of the occipital bone [27]. The 
foramen magnum location has not been reported pre-
viously as a separate origin of extra-axial medulloblas-
tomas. Nevertheless, many of the previously reviewed 
locations exhibit medulloblastoma extension through 
the foramen magnum without a clear sign of origin [28]. 
This is particularly true for lesions that originate from 
the CPA with caudal descent [28, 29]. These lesions 
might present as a physical pit in the brain (i.e., a mor-
phological change), and the diagnostic neuroradiologist 
should be attentive for such an exceedingly uncom-
mon occurrence [30]. A multidisciplinary approach 
that considers the clinic-radio-pathological correlations 
could lead to a more accurate diagnosis. We present the 
case of a 15-year-old female with a nonspecific contro-
versial diagnosis of low-grade tumor who died before 
operating on her (Fig. 7).

Advanced medical imaging for intra‑axial 
and extra‑axial medulloblastoma
Recently, there have been tremendous advances in 
diagnostic neuro-oncology. Accordingly, it is currently 
possible to detect this devastating tumor at an earlier 
stage. For example, in  vivo detection of the receptor 
status using positron emission tomography (PET) scan 
on mothers has enabled diagnosticians to anticipate the 
potential consequences.

Updates in radionuclide imaging

•	 Although at present, radionuclide imaging is not the 
primary diagnostic modality for intracranial tumors, 
primarily limited by its low specificity and low spa-
tial resolution. In 1998, Müller et  al. [31] evaluated 
potential applications of radionuclide-based imag-
ing techniques for children with medulloblastoma. 
Radionuclide imaging is useful in detecting various 
intracranial tumors, including meningioma, pituitary 

Fig. 5  A A 17-year-old male was suspected of having an intracranial tumor. Brain CT scan without (a) and with intravenous contrast administration 
(b, c). There is a left-sided, well-defined, large, hyperdense lateral cerebellar mass (asterisks), with diffuse homogenous enhancement after contrast 
administration (b, c). The mass induces a mass effect on the cerebellum (black arrowheads), brain stem (benched arrows), and fourth ventricle 
(white arrowheads). Therefore, blockage causes obstructive hydrocephalus. CT computed tomography. B Brain MRI without and with intravenous 
contrast administration. A solid mass lesion involving the tentorial base (asterisks) is depicted. Regarding the gray matter, solid components 
display an iso intensity on T1-weighted image (a, b), and a high signal intensity on T2-weighted image (not shown). Diffusion-weighted images 
demonstrate restricted diffusion (c, d). Post-contrast images demonstrate peripheral nodular enhancement (arrowheads) (e, f ). Neuroaxis imaging 
was unremarkable (not shown). MRI magnetic resonance imaging. C Histopathological analysis following surgery with various magnifying powers. 
(a) Hematoxylin and eosin staining at different magnifications reveal large neoplastic cells of marked anaplasia and large nuclei with evident 
nucleoli. (b) The cell wrapping and necrotic phenomena are present. The ultimate diagnosis was medulloblastoma, with a large type of anaplastic 
cells (WHO grade IV). WHO World Health Organization

(See figure on next page.)
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Fig. 6  A A 17-year-old male suspected of having an intracranial tumor. Brain CT without (a) and with contrast medium (b–d). A left-sided, well-defined, large, 
hyperdense lateral cerebellar mass (asterisks) with diffuse homogenous enhancement with contrast medium (b–d) exerts mass effect on the fourth ventricle 
(white arrowheads), cerebellum (black arrowheads), and brain stem (benched arrows). It also causes ballooning of the temporal horns of the lateral ventricles, 
indicating obstructive hydrocephalus. CT computed tomography. B Brain MRI without and with intravenous contrast medium. A well-defined mass centered 
in the lateral cerebellar region (asterisks) is observed, showing hypointense signal on T1-weighted imaging (a) and hyperintense signal on T2-weighted 
imaging (b). Post-contrast images demonstrate diffuse heterogeneous enhancement (c, d) with restricted diffusion (e, f ). The mass causes buckling of the 
cerebellar parenchyma, folia (white arrowheads). Moreover, a rim of cerebrospinal fluid cleft at the periphery denotes extra-axial localization (black arrowhead; 
b). It has a mass effect on the brain stem, contralateral cerebellar hemisphere, and fourth ventricle (arrow), resulting in obstructive hydrocephalus. Additionally, 
it exerts a mass effect over the ipsilateral dural venous sinus system (benched arrows). The neuroaxis imaging finding was unremarkable (not shown). C 
Proton magnetic resonance spectroscopy analysis (single-voxel technique). A prominent choline peak, a high choline/creatinine ratio, and a decreased NAA 
peak are observed. The taurine peak is not evident at 3.25 or 3.43 ppm. D Post-surgery histopathological analysis at various magnifications. (a) Hematoxylin 
and eosin staining show classic nodular tumor cells. Small basophilic tumor cells exhibit diffuse growth and are arranged in trabeculae, sheets, and nests. (b) 
The tumor cells have round or oval nuclei with deeply stained chromatin and a high nuclear-cytoplasmic ratio with mitotic figures and partial necrosis. The 
final diagnosis is medulloblastoma of a nodular desmoplastic type (WHO grade IV). WHO World Health Organization
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adenoma, hemangioblastomas, gliomas, and medul-
loblastomas [32, 33]. Furthermore, the continued 
growth of tumor-specific radiotracers makes it very 
functional. For instance, a new radiotracer, 3-deoxy-

3-[18F] fluorothymidine (FLT), is a molecule that 
is preceded by thymidine kinase-1 during phase S 
of mitosis. This tracer is distinct in that there is an 
uptake in setting a disrupted blood–brain barrier, 

Fig. 6  continued
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which makes it very helpful and specific in detect-
ing and determining the grade of brain tumors since 
higher-grade cancers are associated with greater dis-
ruption of the blood–brain barrier [34, 35].

•	 Radionuclide imaging has a limited potential in iden-
tifying medulloblastoma from differentiated diag-
noses. However, the fusion of CT or MRI images 
with PET images can improve PET’s ability to diag-
nose and distinguish post-radiotherapy changes 
from tumor recurrence [36]. This is employed by 
the increase in cellular activity and glucose uptake in 
neoplasms relative to normal cells [37]. For instance, 
medulloblastomas have a limited potential for uptake 
in thallium-201 single-photon emission computed 
tomography and fluorodeoxyglucose PET (tumor-to-
normal uptake ratio) [36, 38].

•	 Radionuclide imaging shows a limited potential capa-
bility in diagnoses and identification of medulloblas-
tomas compared with differential diagnoses, and 
medulloblastomas have a limited potential for uptake 
in thallium-201 single-photon emission CT and 
fluorodeoxyglucose PET (tumor-to-normal uptake 
ratio) [39].

Updates in advanced MR imaging

•	 Dynamic perfusion parameters have recently been 
evaluated for their potential diagnostic roles in 
neuro-oncology, especially for lesions of predomi-
nantly nonnecrotic solid tumors [27, 40, 41].

•	 Dynamic susceptibility contrast imaging of medul-
loblastomas has revealed increased permeability, 
with the cerebral blood volume ratios close to 1 
[40], particularly in desmoplastic cases. The find-
ings significantly contradict those obtained from 
other differential diagnoses of enhancing the poste-
rior fossa tumors [40].

•	 Medulloblastomas are considered as tumors with 
the greatest relative tumor blood flow (Fig.  8), 
which can be used to distinguish medulloblastomas 
from pilocytic astrocytomas. The observation may 
complement diffusion-weighted imaging and help 
accurately distinguish these tumors [27].

•	 Finally, it is noteworthy that the characteristic arte-
rial spin-labeling perfusion patterns have been 
studied among diverse pathologic types of brain 
tumors in children. These studies have revealed that 
the maximum relative tumor blood flow of high-
grade tumors (grades III and IV) is significantly 
higher than that of low-grade tumors (grades I and 
II) [27, 41].

•	 Quantitative Apparent Diffusion Coefficient (ADC) 
value analysis can facilitate preoperative identifica-
tion of medulloblastoma from its differentials, as 
well as grading of pediatric medulloblastoma [42, 
43]. Further, it can facilitate optimal surgical treat-
ment planning, with reduction of surgery-induced 
morbidity [43, 44].

•	 The ADC ratio—the proportion between the mean 
ADC observed in the tumor and the mean ADC 
observed in the contralateral white matter—is a sim-
ple tool used to distinguish juvenile pilocytic astro-
cytomas, ependymomas, and medulloblastomas [45]. 
In particular, the ADC ratio cut-off value was set 
below 1, as 1 was characteristic for medulloblastoma 
with 100% sensitivity and 90% specificity [44, 46].

•	 MRS based on the metabolic pattern can be used 
to identify medulloblastomas (Figs.  6C, 7C). A 
recent observational study of 111 medulloblastoma 
patients revealed a predictive accuracy of 95% for 
the SHH-activated group, 78% for group 4, 56% for 
group 3, and 41% for the WNT-activated group. 
Reflecting on specific preoperative features of MRI/
MRS enabled the prediction of a molecular sub-
group of medulloblastoma using a five-metabolite 

(See figure on next page.)
Fig. 7  A A 15-year-old girl presented with nausea and vomiting. Brain CT scan without contrast administration in axial (a), sagittal (b), and coronal 
(c) reformats. A well-defined heterogeneous mass was observed centered in the foramen magnum with a marginal extension on the right side 
(asterisks). It shows homogenous density and extends below the foramen magnum caudally (arrows). It induces a mass effect on the inferior aspect 
of the cerebellar hemisphere and medulla oblongata, resulting in obstructive hydrocephalus. CT computed tomography. B Brain MRI without and 
with intravenous contrast medium. The figure indicates a lobulated, heterogeneous, solid mass, centered within the foramen magnum (asterisks). 
This lesion shows mixed heterogeneous intensity with predominantly iso-to-hypointensity on T1-weighted imaging (a), high signal intensity 
on T2-weighted imaging (not shown), and heterogeneous enhancement after contrast medium administration (b). Diffusion-weighted images 
demonstrate restricted diffusion (c, d). It induces a mass effect over the medulla oblongata with resultant hydrocephalus (arrow; a). The findings 
of neuroaxis imaging were unremarkable (not shown). MRI magnetic resonance imaging. C Proton magnetic resonance spectroscopy analysis 
(single-voxel technique) for a female pediatric patient presented with nausea and vomiting. There is a high NAA peak, a low choline peak, and 
choline to creatinine ratio. The taurine peak is not evident at 3.25 or 3.43 ppm. NAA N-acetyl aspartate
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subgroup classifier (creatine, myoinositol, taurine, 
aspartate, and lipid) [46].

•	 MR perfusion is a distinguishing modality for poste-
rior fossa diagnosis. In 2014, Yeom et  al. [39] clari-
fied the effect of maximal relative tumor blood flow 
(rTBF) on tumor grade (low vs. high grade) and 
found a difference in the range of rTBF between 
medulloblastomas (0.98 and 4.97) and pilocytic 
tumors (1.05 ± 0.18). In addition, medulloblastomas 
showed higher rTBF values compared to epend-
ymomas, with an overlap between these two tumors 
because of the perfusion variability of the former 
[39]. Koob et  al. [47] quantified the perfusion map 

parameters, i.e., the tumor-to-parenchyma ratios for 
relative enhancement, maximum enhancement, max-
imum relative enhancement, time to peak, and AUC 
values for medulloblastoma, which was significantly 
higher than ependymoma parameters (p < 0.05). A 
maximum cut-off enhancement value of 100.25 was 
used to distinguish between medulloblastoma and 
ependymoma (sensitivity 90.9%, specificity 100%) 
[47]. In 2020, Gaudino et al. [48] examined the data 
of 246 brain tumor patients by calculating the relative 
cerebral blood volume (rCBV) and the mean per-
centage of signal recovery (PSR). The optimum rCBV 

Fig. 8  Advanced MRI imaging for medulloblastoma. Axial FLAIR (a) and DWI (b) display an extra-axial mass occupying the lateral and retrocerebellar 
regions, demonstrating a high signal in FLAIR with restricted diffusion in DWI. Axial T1 after contrast administration (c) demonstrates strong 
heterogeneous contrast enhancement of the mass. DSC-MR perfusion maps (d–f) show increased vascularization in the mass, with increased 
blood flow (d) and high value of rCBV (e) of the mass than the normal parenchyma. DWI diffusion-weighted image, DSC dynamic susceptibility 
contrast-enhanced, rCBV relative cerebral blood volume
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value threshold was 1.77 (sensitivity, 100%; specific-
ity, 85%; PPV, 84%; NPV, 100%) [48].

Conclusions
Clinical assessment and neuroimaging findings are insuf-
ficient in obtaining an accurate preoperative diagnosis of 
extra-axial medulloblastomas because of shared features 
between medulloblastomas and other common patholo-
gies. Most reported cases of posterior fossa extra-axial 
medulloblastomas are located in the CPA. Radionuclide 
and arterial spin-labeling imaging are newer and signifi-
cantly useful techniques for the diagnosis and recurrence 
detection of medulloblastomas. Moreover, the somato-
statin receptor subtype 2 might be a potential prognostic 
marker and therapeutic target for medulloblastomas. We 
believe that cases of medulloblastomas are likely under-
reported because of publication bias and a tendency to 
report usual tumors at unusual locations. The informa-
tion provided in this review would help establish a more 
accurate understanding of these lesions as one of the 
essential roles of a neuroradiologist is to detect the tumor 
and possible subarachnoid spread, which determines and 
guides the surgical approach.
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