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a b s t r a c t 

Multinodular and vacuolating neuronal tumor (MVNT) is a relatively new disease concept 

proposed in 2013 and was classified as a separate tumor type in 2021 by the World Health 

Organization (WHO) classification. MVNT can cause seizures but is a benign disease, with 

no cases of enlargement or postoperative recurrence reported. Recent reports described ad- 

vanced MRI features in MVNT cases, but the diagnosis of MVNT is usually based on charac- 

teristic MRI findings of clusters of nodules. Here, we report advanced multiparametric MRI 

and FDG-PET/CT findings in a case of MVNT with epileptiform symptoms that was patho- 

logically confirmed by surgery. 

© 2023 The Authors. Published by Elsevier Inc. on behalf of University of Washington. 

This is an open access article under the CC BY-NC-ND license 

( http://creativecommons.org/licenses/by-nc-nd/4.0/ ) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Introduction 

Multinodular and vacuolating neuronal tumor (MVNT) is a
new disease state described as a pathologically benign neu-
rological lesion by Huse et al. in 2013 [1] . In 2016, MVNT was
classified as a gangliocytoma by the World Health Organi-
zation (WHO) but was classified as a separate tumor type
WHO grade 1 in 2021 [2] . It occurs primarily in the cere-
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bral hemispheres of adults, most commonly in the tempo-
ral lobe, and can cause seizures [3] . It is a benign disease,
with no cases of enlargement or postoperative recurrence
reported. 

We experienced a case of MVNT in the right temporal
lobe with epileptiform symptoms that was pathologically
confirmed by surgery. In this case, we describe advanced
multiparametric MRI including apparent diffusion coefficient
(ADC), MR spectroscopy (MRS), arterial spin labeling (ASL),
t of interest. 
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Fig. 1 – (A) T2WI and (B and C) FLAIR images demonstrate a hyperintense lesion (arrows) and clusters of nodules 
(arrowheads) in the right temporal lobe. (D) Apparent diffusion coefficient map shows increased diffusion of the mass 
(arrows). (E) Contrast-enhanced T1WI shows no enhancement of the mass. 

 

 

 

 

 

 

 

 

 

 

 

 

and amide proton transfer (APT) imaging and FDG-PET/CT
findings. 

Presentation of the case 

A 67-year-old woman presented with dizziness and decreased
level of consciousness for 1 month. Her medical history, fam-
ily history, and blood tests were unremarkable. MRI was per-
formed on this patient. T2-weighted and fluid-attenuated in-
version recovery (FLAIR) images revealed a mass up to 29 mm
in diameter with clusters of multiple nodular hyperintense le-
sions of varying sizes in the amygdala, hippocampus, and sub-
cortical white matter of the right temporal lobe ( Figs. 1 A-C).
ADC of the mass (1.17 × 10 −3 mm 

2 /s) was higher than that of
the contralateral side (0.8 × 10 −3 mm 

2 /s) with a relative ratio
of 1.46 ( Fig. 1 D). No enhancement was seen on T1-weighted
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Fig. 2 – (A) ASL imaging shows nearly equivalent CBF of the mass to the contralateral side (arrows). APT imaging shows 
focally increased signal intensity of the lesion (arrows). MRS shows mildly increased ratio of Cho to NAA. FDG-PET/CT 

shows focal hypometabolism in the site of the lesion (arrows). 
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Fig. 3 – Histopathology shows medium-to-large 
mature-appearing neurons occupied in this nodule with 

altered vacuolar matrix (arrows; original magnification, 
×400). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

images after gadolinium administration ( Fig. 1 E). ASL imag-
ing showed that mean cerebral blood flow (CBF) of the mass
(37.72 mL/100g/min) was nearly equivalent to that of the con-
tralateral side (39.19 mL/100g/min) with a relative ratio of 0.96
( Fig. 2 A). APT imaging showed mildly increased signal inten-
sity value of the mass (mean 2.28%) compared to the contralat-
eral side (mean 1.65%) ( Fig. 2 B). MRS showed a mild increase of
the choline (Cho) to N-acetyl aspartate (NAA) ratio (1.29) in the
lesion ( Fig. 2 C). FDG-PET/CT brain imaging showed focal hy-
pometabolism in the right medial temporal lobe correspond-
ing to the site of the lesion ( Fig. 2 D). 

The mass was partially removed from the patient. His-
tologically, the lesion contained medium-to-large, mature-
appearing neurons within an altered vacuolar matrix ( Fig. 3 ).
There was no evidence of mitotic figures, necrosis, or mi-
crovessel proliferation. The tumor cells were immunoreactive
for GFAP, Olig2, synaptophysin, ATRX, and MGMT, but nega-
tive for neurofilament, IDH1, IDH1/2, and p53. The positive cell
rate for Ki-67 was < 1%. MVNT was confirmed based on these
pathological and immunohistochemical findings. More than 3
years have passed since surgery, but no tumor progression has
been observed. 

Discussion 

Approximately 50 pathologically proven MVNT cases have
been reported to date. On the other hand, MR findings of
MVNT were reported to be morphologically highly character-
istic, showing clusters of nodules [4 ,5] . Clusters of nodules
indicate subcortical nodular lesions located within the medial
surface of the cerebral cortex, primarily deep cortical ribbons
and superficial subcortical white matter, demonstrated on
FLAIR [4] . Subsequently, many cases have been reported with
no pathologic evidence of MVNT on imaging findings alone
[5 –8] . Diagnosis of MVNT may be achieved clinically based on
characteristic findings without pathologic evidence, as many
patients are asymptomatic and discovered incidentally. How-
ever, dysembryoplastic neuroepithelial tumor (DNT) may be
diagnosed radiologically as a differential. DNT occurs mostly
in children, but rarely in older people. Therefore, it was not
considered in this case. Recently, advanced MR techniques
including MRS, ADC, and perfusion-weighted imaging have
been investigated for more definitive diagnosis [6 –8] . It has
been suggested that a comprehensive MR protocol should be
performed to increase the diagnostic confidence of MVNT [7] .

The current case demonstrated data of advanced mul-
tiparametric MRI in a case of MVNT pathologically proven.
Lecler et al. [7] reported a large series of 64 patients with a
lesion suggestive of MVNT using advanced MRI. They showed
that the median relative ratios of ADC, CBF, and Cho/NAA were
1.13, 1.01, and 0.7, respectively, indicating no imaging patterns
suggestive of malignancy in MVNT [7] . In our MVNT case, ADC
and CBF support their results in that no restricted diffusion
or hyperperfusion was seen. However, the choline peak was
higher than that of NAA, unlike theirs. We speculate that this
is due to differences in tumor size and anatomic localization.
MVNT in our case was large and localized mainly to the amyg-
dala and hippocampus, whereas their cases were small and
scattered over subcortical areas. Therefore, in their cases, the
MRS voxels may have included not only the MVNT lesion but
also the surrounding normal brain. Considering the literature,
several large MVNT cases with pathological evidence showed
increased Cho peak in MRS [9–11] . This shows that in MVNT,
one should be careful in interpreting MRS. 

Only one case of hippocampal MVNT was studied using
FDG-PET/CT [4] . The finding was consistent with that of our
case, indicating localized hypometabolism at the lesion site.
This case and ours suggest that FDG-PET/CT may also be char-
acteristic of MVNT, but more cases need to be studied in the
future. 

APT imaging is an MR molecular imaging technique sen-
sitive to mobile proteins and peptides in living tissue. Stud-
ies have shown that APT-associated signal intensity is con-
sistent with glioma grade, enabling preoperative assessment
of glioma grade [12] . Although the origin of APT signal inten-
sity in tumors is unknown, it has been suggested that it is in-
creased in brain tumors due to increased mobile protein con-
centrations in malignant cells associated with increased cel-
lularity. Togao et al. [12] reported that the mean APT signal
intensity values were 2.1 ± 0.4% in grade II gliomas, 3.2 ± 0.9%
in grade III gliomas, and 4.1 ± 1.0% in grade IV gliomas. MVNT
showed an APT signal intensity value of 2.28%. Therefore, the
value is close to that for grade II gliomas. However, it remains
unclear whether APT imaging also contributes to the grading
of tumors other than glioma, as it has never been reported be-
fore. Further investigation is needed to clarify this issue. 

The ultrasound fusion imaging system is a new promis-
ing imaging modality that combines live ultrasound investiga-
tions with preregistered CT, MRI or PET images [13] . Recently,
it has been reported that this system can be applied to the
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brain with multiple reproducibility, enabling real-time moni-
toring [14] . Therefore, in the future, it may be possible to mon-
itor MVNT using this method. 

Conclusion 

We report a case of MVNT in the right temporal lobe with
epileptiform symptoms that was pathologically confirmed by
surgery. In this case, we described advanced multiparametric
MRI including ADC, MRS, ASL, APT, and FDG-PET/CT findings.
MVNT exhibited no restricted diffusion or hyperperfusion that
may be characteristic of this tumor. However, in MVNT, one
must be careful in interpreting MRS. More cases are needed
for APT imaging and FDG-PET/CT. 

Patient consent 

Written informed consent for publication of the case report
was obtained from the patient. 
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