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Abstract 

Background:  To investigate the imaging findings and clinical features of multinodular and vacuolating neuronal 
tumor (MVNT).

Methods:  We retrospectively sought for cases that have suspicious imaging findings for MVNT through the hospital 
information system. The patients’ demographics and clinical symptoms were extracted. All available images were 
re-examined.

Results:  Headache was the most common complaint (n = 7). Other complaints included seizure, stroke-like symp-
toms and numbness. Conventional MRI revealed that all lesions consisted of tiny, sharply marginated, round or ovoid 
nodules following the gyral contour. These nodules were hyperintense on T2 and FLAIR WI, hypointense on T1 WI. All 
lesions were characterized by a lack of enhancement and diffusion restriction. Mass effect and peripheral edema were 
not observed. MVNT presented as an incidental finding in one case who complained gynecomastia and had pituitary 
adenoma on pituitary MRI. All lesions were supratentorial—mostly on the right side (10/11)—and located in subcorti-
cal white matter. Follow-up MRI was available for 11 patients with a mean of 14.8 months (3–40 months). No change 
in lesion size and morphology was observed in these follow-up images.

Conclusions:  Radiological and clinical follow-up data suggest MVNT may exhibit indolent behavior. If asymptomatic, 
patients can be followed by imaging alone. Surgery should be considered for symptomatic patients.
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Background
Multinodular and vacuolating neuronal tumor (MVNT) 
was first defined as seizure-related lesions in 2013 [1]. It 
is a rare, recently described (WHO 2016) entity among 
the large spectrum of glioneuronal tumors of central 
nervous system (CNS). The frequency and pathophysi-
ology of these lesions are yet to be discovered. Char-
acteristic magnetic resonance imaging (MRI) findings 
and lack of change in size and morphology in follow-up 

examinations are highly suggestive for MVNT [2]. The 
group of nodular lesions is mainly located in deep corti-
cal ribbon and superficial subcortical white matter. These 
lesions are seen as hyperintense on fluid-attenuated 
inversion recovery (FLAIR) and T2-weighted image (T2 
WI). They do not exhibit edema, mass effect or diffusion 
restriction on diffusion-weighted image (DWI) and are 
non-enhancing after IV contrast administration.

In this study, we elaborated the radiological and clinical 
findings of 11 patients demonstrating imaging features 
of MVNT observed in our hospital to raise awareness of 
these rare entity.*Correspondence:  biyiklierhan@hotmail.com
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Methods
Eleven cases were found between 2012 and 2018 with 
suspicious imaging findings that suggest MVNT through 
the hospital information system. The patients’ demo-
graphics and clinical symptoms were extracted. All 
available images were re-examined. Due to the inad-
equateness to establish a strong relationship between 
lesions and symptoms, histopathological diagnosis was 
not made and it was not present in any of the patients. 
The final diagnosis was made by typical radiological find-
ings and no change in follow-up.

MR imaging examination was performed on either 1.5T 
or 3T scanners (Magnetom Verio and Avanto Siemens, 
Erlangen, Germany). The scanning parameters consist-
ing of axial T2-WI (TR/TE,4000/114  ms), FLAIR(TR/
TE, 8000/94) and DWI/ADC at b-values 0,1000 (TR/TE 
7400/91), pre- and post-contrast T1-WI in axial, coronal 
and sagittal planes (TR/TE,410/10  ms) were acquired. 
Contrast-enhanced MRI scans were obtained after intra-
venous Gd-DTPA administration. Computed tomogra-
phy (CT) images of only 6 patients were obtained.

The study protocol was approved by the local Institu-
tional Review Board and was performed in accordance 
with the ethical standards as laid down in the 1964 Dec-
laration of Helsinki and its later amendments or compa-
rable ethical standards.

Results
The patients’ demographics and clinical data are pre-
sented in Table 1. Mean age was 38 years (16–56 years) 
with 1,2:1 F/M ratio. Headache was the most common 
complaint (n = 7). Other complaints included seizure 
(one case), stroke-like symptoms (one case), numbness 

(one case) and gynecomastia (one case). MVNT was 
detected as an incidental finding in one patient, who 
complained about gynecomastia and diagnosed with 
pituitary adenoma on pituitary MRI. One case, who 
had prior history of lymphoma without CNS involve-
ment, presented with headache.

Conventional MRI revealed that all lesions consisted 
of clusters of tiny, sharply marginated, round or ovoid 
nodules following the gyral contour. These nodules 
were hyperintense on T2 WI and FLAIR, and hypoin-
tense on T1 WI. Only one case had a nodular lesion 
that was characterized by focal signal suppression on 
FLAIR images suggesting cystic component (Fig.  1). 
None of the cases showed enhancement or diffusion 
restriction (Fig.  2). Mass effect and peripheral edema 
were absent in all cases. However, abnormal hyperin-
tensity on T2/FLAIR in surrounding white matter of 
the bubble-like lesions was observed in 4 patients.

All lesions were supratentorial—most on the right 
(10/11)—and located in subcortical white matter.

Cortical involvement was present in 2 (%18) cases. 
Five (%45) were located in the parietal lobe, whereas 1 
(%9) in the occipital lobe, 1 (%9) in the temporal lobe, 
and 1 (%9) in the frontal lobe. In three cases (%27), 
the lesion affected more than 1 lobe (parietooccipi-
tal). Lesion size was measured on T2 FLAIR sequence 
which ranged from 15 to 27  mm in maximum axial 
diameter. Follow-up MRI images were available in 11 
patients ranging between 3 and 40 months with a mean 
of 14.8 months. No change in lesion size or morphology 
was observed at follow-up examinations of 11 patients. 
The CT images of five patients were normal. One case 
had a cystic area, which could be distinguished as a 
hypodense lesion on CT scan (Fig. 1).

Table 1  Patients demographics, clinical data and imaging findings

Case Age M/F Location Clinic presentation MRI follow-up period/change 
over follow-up

CT

1 47 F R Temporal Headache 27 m/No change

2 42 F R Parietal Seizure 40 m/No change Hypodense 
cystic lesion

3 56 M R Parietal Gynecomastia 12 m/No change No lesion

4 55 F R Frontal Headache 12 m/No change

5 28 F R Occipital Headache 17 m/No change No lesion

6 25 M R Parietooccipital Headache 7 m/No change

7 35 M L Parietal Stroke-like symptoms 7 m/No change No lesion

8 44 M R Parietal Headache 15 m/ No change No lesion

9 38 F R Parietal Headache 3 m/No change No lesion

10 36 M R Parietooccipital Headache 17 m/No change

11 16 F R Parietooccipital Numbness 6 m/No change
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Dıscussion
MVNT is an unusual, neuronal lesion which was ini-
tially described by Huse et  al. in 2013 and was later 
included in the 2016 updated WHO classification 
of tumors of the CNS [1]. The true epidemiology of 
these tumors is unknown. Before the introduction 
of this entity, it is highly likely that these lesions were 
underrecognized.

Conventional MRI is the primary imaging modality 
for the diagnosis of MVNT. MVNTs exhibit a charac-
teristic appearance on MRI imaging. Only the imaging 
feature may be sufficient in the diagnosis. All lesions in 
our study contain nodules following the gyral contour 
and these nodules are hyperintense on T2 and T2/FLAIR 
sequences. They do not enhance and cause mass effect. 
Diffusion restriction and peripheral edema were absent 

Fig. 1  MVNT with cystic component. Axial non-contrast CT image (a) shows low-density area in right parietal lobe white matter. Axial T2 (b) and 
FLAIR (c) demonstrate conglomerated hyperintense punctate lesions without contrast enhancement (d)
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in all cases. Nonsuppression pattern on FLAIR indicated 
high protein or solid component within vacuoles [3]. 
These MRI findings are in accordance with the cases in 
the radiology literature.

Because of its pathognomonic imaging appearance 
and asymptomatic nature, it was called a ‘leave-me-
alone’ brain lesion by Nunes et al. [3]. Although seizures 
were expressed as the most common clinical finding 

by Huse et al. [1], in our study seizure was observed in 
only one patient. Headache was by far the most com-
mon complaint and was seen in seven of 11 patients. 
Nunes et  al. also reported that headache (16/33) and 
seizure (8/33) were most common clinical findings. 
Similarly, in the Buffa et al. study seizure or equivalents 
(5/16), and non-focal headache (5/16), were the most 
commonly seen complaints [2, 3]. MVNTs are mostly 
incidental findings on MR imaging studies.

Fig. 2  Axial T2 (a) and coronal FLAIR (b) images reveal clustered hyperintense lesions in superficial white matter of right frontal lobe. Also, no 
diffusion restriction was observed (c, d)
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One case in our cohort was a 16-year-old female 
patient who had a temporary numbness on both hands 
mostly left. On MR imaging right parietooccipital lesion 
was demonstrated. No changes in follow-up imaging was 
observed after 6 months. The patient’s symptoms disap-
peared at follow-up. Alizada et  al. reported that a simi-
lar patient, who was a 17-year-old female, had numbness 
and MRI showed the lesion was hyperintense on T2-WI 
and FLAIR sequences without any contrast enhance-
ment. After surgery, the lesion was diagnosed as MVNT 
histologically [4].

Alsufayan et al. reported that %20 of MVNT had cystic 
areas [5], and in our study similar MRI finding was shown 
in only one case (%9). Our two patients (%18) had corti-
cal and subcortical white matter involvement on imaging 
which was described before by Alsufayan %57 of patients 
(17/30) and Lecler %7.8 of patients (5/64) [5, 6]. The 
white matter hyperintensity on T2/FLAIR adjacent to the 
bubble-like lesions was found in four of our cases (%36). 
This finding was reported by Nunes et al. at similar rate 
(%45) [3].

Based on the literature, we observed that CT was not 
recommended in the diagnosis or follow-up in these 
patient groups, and Yamaguchi et  al. [7] reported that 
CT scans showed no abnormality. Nagaishi et  al. [8] 
described CT findings as low-density lesions without 
calcification or cysts. In our retrospective study, lesion 
which was described in MRI scan could not be identi-
fied on the CT images of 5 patients (%83). One patient 
(%9) had a cystic area which could be recognized as a 
hypodense lesion on CT.

In our study, five lesions (%45) were located in the 
parietal lobe and 3 lesions (%27) affected more than 1 
lobe (parietooccipital). When it was first described by 
Huse et  al., 7 of 10 cases were confined to the tempo-
ral lobes [1]. Lecler et  al. [6] reported that the MVNTs 
were mostly located in the frontal (20/64) and pari-
etal lobe (26/64). The location of this entity seems to be 
non-discriminatory.

Surgery can be performed on symptomatic patients. In 
the literature, the symptoms have mostly regressed fol-
lowing resection without regrowth [1, 9]. None of our 
patients were undergone surgery, since the exact relation-
ship between symptoms and lesions was not established.

The differential diagnosis of this lesion should include 
dysembryoplastic neuroepithelial tumor (DNET), 
enlarged periventricular space (PVS) and focal cortical 
dysplasia. The absence of enhancement, cortical involve-
ment, mass effect and the presence of clustered appear-
ance help to distinguish MVNT from DNET. In addition, 
DNET has a bright rim sign on FLAIR sequences and 
may scallop the inner table of the skull. Hyperintensity on 
FLAIR excludes the possibility of enlarged perivascular 

space. Focal cortical dysplasia is characterized by focal 
cortical thickening and blurring of white–gray matter 
junction. Some MVNTs may show a T2 FLAIR hyper-
intense radial like band as in focal cortical hyperplasia 
(transmantle sign), but the presence of cortical and gray-
white matter junction involvement is consistent with 
focal cortical dysplasia [5].

However, there were some limitations to our study 
(shortness of mean follow-up duration, absence of histo-
logic proof and MR spectroscopy images and variety of 
MRI devices used from different models), MVNT seems 
to be a static lesion, and no progression was detected in 
our study. According to our experience and point of view, 
follow-up with MRI is sufficient in the management of 
patients.

Conclusions
Imaging and clinical follow-up suggest that MVNT may 
exhibit indolent behavior. If the patients are asympto-
matic, they can be followed up by imaging alone. For the 
symptomatic cases, surgery is the treatment option.
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