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ABSTRACT

SUMMARY: Multinodular and vacuolating neuronal tumor of the cerebrum is a rare supratentorial brain tumor described for the
first time in 2013. Here, we report 11 cases of infratentorial lesions showing similar striking imaging features consisting of a cluster
of low T1-weighted imaging and high T2-FLAIR signal intensity nodules, which we referred to as multinodular and vacuolating poste-
rior fossa lesions of unknown significance. No relationship was found between the location of the lesion and clinical symptoms. A
T2-FLAIR hypointense central dot sign was present in images of 9/11 (82%) patients. Cortical involvement was present in 2/11 (18%)
of patients. Only 1 nodule of 1 multinodular and vacuolating posterior fossa lesion of unknown significance showed enhancement
on postcontrast T1WI. DWI, SWI, MRS, and PWI showed no malignant pattern. Lesions did not change in size or signal during a me-
dian follow-up of 3 years, suggesting that multinodular and vacuolating posterior fossa lesions of unknown significance are benign
malformative lesions that do not require surgical intervention or removal.

ABBREVIATIONS: IQR interquartile range; MVNT ¼ multinodular and vacuolating neuronal tumor of the cerebrum; MV-PLUS ¼ multinodular and vacuolating
posterior fossa lesions of unknown significance

Multinodular and vacuolating neuronal tumor of the cere-
brum (MVNT) is a rare brain tumor described for the first

time in 2013 and added in the World Health Organization
Classification of Tumors of the Central Nervous System in
2016.1,2 Its prevalence and pathophysiology are unknown. It is of-

ten asymptomatic and discovered incidentally. It remains unclear
whether MVNT should be considered a true neoplasm or a mal-
formative lesion.1-7

MVNTs have been reported to show highly suggestive imag-
ing features, especially with MR imaging.8-16 MVNT consists of
the coalescence of small T2-weighted imaging and T2-FLAIR
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hyperintense nodules in subcortical and juxtacortical areas, with
rare or no postcontrast enhancement. It is considered a “leave-
me-alone” lesion because of the absence of malignancy criteria
and the lack of evolutivity on follow-up MRIs.8,9

All MVNTs reported so far in the literature involved the su-
pratentorial part of the brain. We report 11 patients from 24
international centers with lesions exhibiting a remarkably similar
pattern of imaging findings in the posterior fossa, which we will
refer to in this article as multinodular and vacuolating posterior
fossa lesions of unknown significance (MV-PLUS).

The aim of our study was to describe the MR imaging charac-
teristics at diagnosis and during follow-up.

CASE SERIES
Study Design
We conducted a multicenter retrospective study in 24 interna-
tional centers specializing in neurologic diseases. This study was
approved by our institutional Research Ethics Board (Fondation
Ophtalmologique A.Rothschild) and adhered to the tenets of the
Declaration of Helsinki. This study follows the Strengthening
Reporting of Observational Studies in Epidemiology (STROBE)
guidelines.

Patients
From July 2014 to February 2019, seventy-four patients with a
suspicion of MVNT were identified and collected from the PACS
of 24 international centers. Inclusion criteria were the following:
1) the presence of a lesion suggestive of MVNT on MR imaging,
defined as a subcortical or juxtacortical lesion consisting of clus-
ters of discrete or confluent high T2-FLAIR signal intensity small
nodules; 2) the absence of an obvious differential diagnosis such
as asymmetric enlargement of perivascular spaces, defined as
smoothly demarcated fluid-filled cysts showing the same attenua-
tion or intensity as CSF; cortical dysplasia, defined as a cortical
thickening with general blurring at the white matter–gray matter
junction; or a low-grade glial lesion defined as a cortically cen-
tered rounded mass with regular margins, with or without post-
contrast enhancement; and 3) with a minimum patient follow-up
of 12months.

Among them, 12/74 (16%) were located in the posterior fossa,
thus, they could not be strictly considered MVNT because
MVNT refers, by definition, to lesions involving the cerebrum.
One of these 12 patients had an associated brain stem glioblas-
toma and was excluded. The remaining 11 patients were included
for analysis. Their lesions will be referred to as MV-PLUS
throughout this article.

Clinical Charts
All patients’ medical charts were systematically reviewed. Demo-
graphic features were recorded as well as symptoms prompting
imaging and clinical reports, including a comprehensive neuro-
logic examination and follow-up. The presence of a relationship
between the location of MV-PLUS and extension and clinical
symptoms was evaluated and assessed as follows: no relationship,
possible relationship, or definite relationship.

MR Imaging
All MR imaging examinations were performed on 3T scanners
with a 16- or a 32-channel head coil. The minimal common pro-
tocol included multiplanar or 3D-T1- and T2-FLAIR-weighted
imaging. Depending on the centers, postcontrast T1WI, T2WI,
high-resolution T2WI, DWI, T2*WI or SWI. PWI and proton
MRS were acquired in 3 (27%) patients. A single-voxel point-
resolved proton spectroscopy sequence with a short TE of 35ms
was used for all 3 patients. A single-voxel point-resolved proton
spectroscopy sequence with a long TE of 135ms was used for 2
patients. Voxel placement included both the lesion and normal
tissue with a ratio of approximately 80%/20%, respectively.

Image Analysis
MR imaging examinations were anonymized and sent to a single
core laboratory for reading. Three readers, 1 radiologist with
1 year of experience who had previously studied MVNT exten-
sively prior this study and had acquired substantial expertise in
MVNT (V.B.) and 2 neuroradiologists with 4 and 9 years of experi-
ence respectively (J.B. and A.L.) reviewed all MRIs in a consensus
analysis. All reading sessions were completed on a dedicatedwork-
station usingHoros software (Nimble Co, Annapolis,Maryland).

The readers assessed the following characteristics of MV-
PLUS at diagnosis and during follow-up:

• Precise locations in the posterior fossa, divided into the 6
following areas: vermis, left or right cerebellar hemisphere,
left or right cerebellar peduncle, and brain stem. The center
of the lesion and all areas involved were reported separately.

• Overall size defined by the longest diameter of the lesion on
T2-FLAIR. The size of the nodules of each lesion was reported
as well.

• Signal intensity on T1-, T2-, and T2-FLAIR-weighted imag-
ing. Signal was compared with that of the normal-appearing
cerebellar white matter.

• The presence of enhancement on postcontrast T1WI.
• The presence of a restriction of the diffusion on DWI.
• The presence of intratumoral susceptibility signal or a bloom-
ing on T2* or SWI.

• Measurement of the relative CBV and relative CBF on PWI.
Two ROIs were drawn: the first one inside the largest nodule
of a MV-PLUS, the second one in a healthy cerebellar white
matter region. Both ROIs were equal in size.

• Quantification of MRS metabolites at 2 TEs (35 and 135 ms).
We calculated 3 indices: choline/creatine, choline/N-acetyl
aspartate, and N-acetyl aspartate/creatine.

• The presence of a T2-FLAIR central dot sign, defined as a T2-
FLAIR hypointense punctiform signal at the center of at least
1 hyperintense nodule.

• The type of margins between the nodules and the adjacent
normal-appearing white matter, defined as sharp or blurred.

• The presence of cortical involvement.
• The presence of a mass effect, defined as any shift in any of
the intracranial structures, including ventricles.

• Associated imaging abnormalities.

The readers assessed the presence of a change in the size or
the signal of MV-PLUS during follow-up. The size was defined
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by the longest diameter of the lesion on FLAIR. 3D reformat-
ting and coregistration were performed for readers to measure
the lesion in the exact same plane as in the first MR imaging.
A size change was defined as positive in the case of a change
superior to or equal to 5% of initial size. A signal change was
defined as positive in the case of a change of at least 1 compo-
nent of the signal of the lesion on any of the sequences used,
compared with the normal-appearing cerebellar white matter.

Statistical Analysis
Analyses were conducted using R software, Version 3.3.2.17

Categoric data were reported as a number (percentage) as

appropriate. Continuous data were reported as median with
interquartile range or mean6 SD as appropriate.

RESULTS
Patient Characteristics and Clinical Data
Eleven patients were included (6 women and 5 men; mean age,
37 6 13 years; range, 22–70 years). Headache was the most fre-
quent symptom prompting initial imaging. No relationship was
found between the location of MV-PLUS and clinical symp-
toms. Median follow-up was 3.6 years (interquartile range
[IQR] ¼ 1 year), No patient developed symptoms potentially
related to the MV-PLUS. No patient underwent an operation
during follow-up. Detailed patient characteristics are presented
in Table 1.

MV-PLUS MR Imaging Characteristics at Diagnosis
Lesions were all located in the cerebellum. No lesion involved the
brain stem. Almost all lesions centered on the vermis extended
laterally to the cerebellar hemispheres: 5/7 (71%). Conversely,
none of the lesions centered on a cerebellar hemisphere extended
to the vermis (Fig 1).

Lesions were all hyperintense on T2-FLAIR and T2WI and
all hypointense on T1WI except for 1. One patient presented
with postcontrast enhancement of the nodule of 1 lesion (Fig
2). A central dot sign was visible in 9/11 (82%) patients (On-
line Figure). Cortical involvement was present in 2/11 (18%)
patients. Detailed MR imaging characteristics are presented in
Table 2 and the On-line Table.

Table 1: Patient characteristics and clinical data
No. of
Patients
(n¼ 11)

Percentage
(%)

Sex
Male 5 45
Female 6 55

Age (mean) (yr) 37 6 13
Clinical symptoms prompting

initial imaging
Headache 4 36
Meningioma screening 2 18
Bilateral upper arm
paresthesia

1 9

Hearing loss 1 9
Tinnitus 1 9
Dizziness 1 9

Aneurysm screening 1 9

FIG 1. A 38-year-old man presenting with headache. 3D-T2-FLAIR reformatted in the axial (A), coronal (B), and sagittal (C) planes shows a high-sig-
nal intensity lesion (white arrow) of the posterior part of the left cerebellar peduncle, consisting of a coalescence of small nodules, highly sug-
gestive of MV-PLUS. The lesion is hypointense on axial T1WI (D) and does not enhance on postcontrast T1WI (E). SWI (F) shows no blooming or
intratumoral susceptibility signal. High-resolution T2WI (G) shows hypointensity in the center of hyperintense nodules (black arrows), consistent
with a central dot sign. Note the small mass effect and distortion of the lateral margin of the fourth ventricle.
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MV-PLUS MR Imaging Characteristics during Follow-Up
The median follow-up was 3.1 years (IQR ¼ 1 year). None of the
described lesions changed size or signal during follow-up.

DISCUSSION
We describe the imaging characteristics of a new entity that we
referred to as MV-PLUS. This entity has never been described in
the literature to the best of our knowledge.

MV-PLUS imaging features consist of the coalescence of
small T1WI hypointense and T2-FLAIR hyperintense nodules
in subcortical and juxtacortical areas. They are very similar to
those described in MVNT, a rare and recently described brain
tumor,8-14 which was added in the World Health Organization
Classification of Tumors of the Central Nervous System in
2016.1,2 None of the case reports and small series published in
the literature so far have reported posterior fossa MVNT.
Among 74 patients analyzed in 24 international centers showing
MR imaging features highly suggestive of MVNT, we found
only 11 (15%) posterior fossa lesions, suggesting that MV-PLUS
might be 10 times rarer than MVNT.

Similar to MVNT, MV-PLUS showed no sign of malignancy
on MR imaging and an absence of evolutivity during follow-
up.8,9 In our study, MR imaging showed neither restriction on
DWI nor intratumoral susceptibility signal on T2* or SWI. PWI
showed no increase in relative CBF or CBV. MRS showed no
increase in choline peaks. There was no or only a small mass
effect on the surrounding posterior fossa structures. Moreover,
no changes in size or signal could be observed during follow-up,
and no relationship was observed between the location of lesions

and clinical symptoms. Only 1 nodule
in 1 patient showed enhancement
after contrast injection, which is
similar to the low rate of enhance-
ment reported for MVNT in the
literature.8,9 However, this nodule
had a very distinct signal compared
with other nodules throughout all
sequences. Enhancing MVNTs were
reported in the literature to show
only faint enhancement, suggesting
that it might be a distinct lesion.8,9

Differential diagnoses for posterior
fossa intra-axial lesions encompass a
wide range of diseases, such as ische-
mic lesions, inflammatory diseases
like multiple sclerosis, infectious dis-
eases, vascular malformations, neo-
plastic lesions, degenerative lesions
like ataxias, toxic lesions, malforma-
tive lesions like dysplastic cerebellar
gangliocytoma, or normal variants
like enlargement of perivascular
spaces.18-20 However, both the loca-
tion in juxtacortical or subcortical
regions and typical features such as
the presence of clusters of discrete or

confluent high T2-FLAIR signal intensity small nodules make the
diagnosis of MV-PLUS very likely. Moreover, we reported the
presence of a T2-FLAIR hypointense central dot sign for most
MV-PLUS lesions. This central dot sign was present in most nod-
ules of .4mm and was more conspicuous on high-resolution
T2WI. It was missing in images of 2 patients with low-resolution
imaging. This central dot sign was already reported in the litera-
ture in MVNT, but its prevalence is not known.8,10 It might
reflect the presence of a high protein or a solid component
within the vacuolated areas, which is a typical pathology feature
reported in MVNT histopathologic studies.1,7 It might be an
interesting imaging criterion that could increase readers’ confi-
dence when diagnosing MV-PLUS. This sort of evidence might
help rule out differential diagnoses.

Two patients had very subtle cortical involvement on imaging,
which has not been reported in MVNT.8,9 However, these 2
patients had low-resolution images, with 2D-FLAIR images with
a section thickness of 3 and 5mm, respectively. Distinguishing
cortical and subcortical areas is more challenging in the posterior
fossa than in supratentorial regions. Thus, this appearance might
be due to partial averaging rather than true cortical involvement
and should be confirmed by other observations with high-resolu-
tion imaging.

MV-PLUS should probably be considered a leave-me-alone
lesion, requiring no operation to confirm the diagnosis. Its nature
remains unknown, and it is not clear whether it should be consid-
ered a neoplasm or a malformation. However, the absence of
changes during follow-up, the absence of or only a small mass
effect or malignant pattern on MR imaging, and the absence of a
relationship with clinical symptoms might suggest that MV-

FIG 2. A 31-year-old woman presenting with headache. 3D-T2-FLAIR reformatted in the sagittal
(A) and axial (B) planes shows a high signal intensity multinodular lesion (arrow) of the upper ver-
mis, highly suggestive of an MV-PLUS. Almost all clustered nodules are hypointense on 3D-T1WI
reformatted in the sagittal (C) and axial (D) planes and do not enhance on postcontrast 3D-T1WI
reformatted in the sagittal (E) and axial (F) planes. One anterior nodule (arrowhead) shows a sub-
stantially higher T2-FLAIR and lower T1 signal intensity than all the others, with a marked enhance-
ment after contrast injection. Note the T2-FLAIR hypointense central dot sign does not enhance
on postcontrast T1WI.

1692 Lecler Oct 2019 www.ajnr.org



PLUS is a benign malformative lesion rather than a true neo-
plasm. However, we advise clinicians to perform a comprehen-
sive protocol when characterizing possible MV-PLUS, including
thin-millimetric T2- or T2-FLAIR sequences to detect the central
dot sign, and MR spectroscopy as well as PWI to show the ab-
sence of malignant criteria. We also suggest long-term follow-up
to assess any changes in size or signal.

Our study has some limitations: First, although we analyzed

patients from 24 international centers, the results of the study are

somewhat limited by the relatively small number of patients. Two

asymptomatic patients underwent MR imaging for meningioma

screening, representing 18% of our population, which is higher

than expected and might be due to a

selection bias. The first patient had a

sibling recently diagnosed with a me-

ningioma. The second patient had

been taking cyproterone acetate for a

long time, which had been reported to

increase the chance of developing a

meningioma.
Second, 2 centers contributed .1

case. Most of the 24 centers where
clinicians were aware of MVNT had
not identified any patients with similar
imaging findings, suggesting that MV-
PLUS might be very rare.

Third, none of our patients under-
went an operation; thus, we do not
have any histopathologic evidence
showing that MV-PLUS might be, in
fact, MVNT. The posterior fossa is a
very challenging region for surgery,
and none of our patients had clinical
symptoms related to their lesions;
thus, none of them became surgical
candidates. This is why we chose to
remain cautious and to refer to this
entity as MV-PLUS instead of poste-
rior fossa MVNT. Given the benign
MR imaging characteristics of MV-
PLUS and the absence of evolutivity
with time, it might be extremely diffi-
cult to obtain pathologic details in the
near future.

Fourth, the examinations were per-
formed on various MR imaging devi-
ces from different vendors. Protocols
were heterogeneous among the cen-
ters, mixing comprehensive multi-
parametric protocols and basic low-
resolution MR imaging protocols.
Therefore, our analysis of MV-PLUS
might not be optimal. Some of the
information we provide, such as the
absence of a central dot sign or
the involvement of the cortex, might

be inaccurate because of low-resolution images in 2 patients.
PWI and MRS were performed in only 3/11 (27%) patients;
thus, the quantitative values we provided might be inaccurate.
Moreover, only single-voxel spectroscopy was performed,
which might have resulted in volume averaging with normal
tissue.

CONCLUSIONS
We provided the first description of a new entity that we referred
to as MV-PLUS. Our observation might help clinicians diagnose
this entity, adapting their patient management and possibly
avoiding an operation.

Table 2: MR imaging characteristics of multinodular and vacuolating posterior fossa
lesions of unknown significance (MV-PLUS) at diagnosis and during follow-up

No. of Patients Percentage (%)
Location

Center of the lesion
Cerebellum

Vermis 7/11 64
Left cerebellar hemisphere 1/11 9
Right cerebellar hemisphere 2/11 18
Left cerebellar peduncle 1/11 9
Right cerebellar peduncle 0/11 0

Brain stem 0/11 0
All areas involved

Cerebellum
Vermis 7/11 64
Left cerebellar hemisphere 3/11 27
Right cerebellar hemisphere 8/11 73
Left cerebellar peduncle 1/11 9
Right cerebellar peduncle 0/11 0

Brain stem 0/11 0
Overall size (median) (IQR) (mm) 27 (24)
Size of the nodules (median) (IQR) (mm) 4 (5)
DWI

Restriction 0/11 0
T2* or SWI

Presence of ITSS 0/11 0
Blooming 0/11 0

PWI
rCBV (median) (IQR) 0.62 (0.06)
rCBF (median) (IQR) 0.61 (0.06)

MRS
TE = 35 ms

Choline/creatine (median) (IQR) 0.9 (0.2)
Choline/N-acetyl aspartate (median) (IQR) 0.9 (0.1)
N-acetyl aspartate/creatine (median) (IQR) 1 (0.2)

TE ¼ 135 ms
Choline/creatine (median) (IQR) 1.2 (0)
Choline/N-acetyl aspartate (median) (IQR) 1 (0)
N-acetyl aspartate/creatine (median) (IQR) 1.2 (0)

Type of margins
Sharp 11/11 100
Blurred 0/11 0

Mass effect
Yes 4/11 36
No 7/11 64

Associated imaging abnormalities
None 7/11 64
Small-vessel disease 3/11 27
Colloid cyst 1/11 9
Cholesteatoma 1/11 9

Note:—ITSS indicates intratumoral susceptibility signal; rCBV, relative CBV; rCBF, relative CBF.
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