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MR Imaging Features of the Cerebellum in Adult-Onset
Neuronal Intranuclear Inclusion Disease: 8 Cases
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ABSTRACT
SUMMARY: Neuronal intranuclear inclusion disease is a neurodegenerative disorder pathologically characterized by eosinophilic hyaline
intranuclear inclusions. A high-intensity signal along the corticomedullary junction on DWI has been described as a specific MR imaging
finding of the cerebrum in neuronal intranuclear inclusion disease. However, MR imaging findings of the cerebellum in neuronal intranu-
clear inclusion disease have not been fully evaluated. Here, we review MR imaging findings of the cerebellum in a series of 8 patients with
pathologically confirmed neuronal intranuclear inclusion disease. The MR imaging results showed cerebellar atrophy (8/8 patients) and
high-intensity signal on FLAIR images in the medial part of the cerebellar hemisphere right beside the vermis (the “paravermal area”) (6/8)
and in the middle cerebellar peduncle (4/8). The paravermal abnormal signals had a characteristic distribution, and they could be an
indicator of the diagnosis of neuronal intranuclear inclusion disease even when using the results of past MR imaging examinations in which
DWI findings were not examined.

ABBREVIATIONS: FAB � Frontal Assessment Battery; FXTAS � fragile X-associated tremor/ataxia syndrome; MMSE � Mini-Mental State Examination; NIID �
neuronal intranuclear inclusion disease

Neuronal intranuclear inclusion disease (NIID) is a neurode-

generative disorder pathologically characterized by eosino-

philic hyaline intranuclear inclusions in the central and peripheral

nervous systems and in the visceral organs.1 Both sporadic and

familial cases of NIID are reported, and NIID is divided into 3

clinical subgroups according to the individual’s age at onset and

disease duration: the infantile, juvenile, and adult forms.2 The

highly variable clinical manifestations of NIID previously made

the antemortem diagnosis difficult, but since the usefulness of

a skin biopsy for the diagnosis was described in sporadic3 and

familial cases of NIID,4 the number of NIID diagnoses has

increased.

Some researchers also noted that an NIID finding on brain MR

imaging (ie, a high-intensity signal along the corticomedullary

junction on DWI) is a strong indicator of the antemortem diag-

nosis of NIID.3,5 However, the MR imaging findings of the cere-

bellum in patients with NIID have not been fully evaluated, to our

knowledge. We recently encountered patients in whom abnormal

signals were distributed in characteristic regions of the cerebellum

on brain MR images. Herein, we present these MR imaging find-

ings, focusing on the cerebellum in 8 patients with adult-onset

NIID.

Case Series
This retrospective study was approved by our institutional review

board. The diagnosis of NIID was made histopathologically by

skin biopsy in all cases. We reviewed the medical records of the 8

patients including their medical history and neurologic examina-

tion findings, Mini-Mental State Examination (MMSE), Frontal

Assessment Battery (FAB), and CSF results. A score of 24 was used

as the cutoff for the MMSE,6 and the published age-matched av-

erage was used as the cutoff for the FAB.7,8 All MR imaging exam-

inations were performed as routine clinical care with 1.5T in 3

patients and 3T in the other 5 patients. Diffusion-weighted and

FLAIR images were available for all patients. The MR imaging

data of each patient were retrospectively evaluated separately and

then jointly by 2 neuroradiologists (Y.K. and M.E.).

We evaluated the following findings: 1) high-intensity sig-

nal along the corticomedullary junction on DWI, 2) diffuse

high-intensity signal of cerebral white matter on FLAIR im-

ages, 3) atrophy of the cerebellum, 4) high-intensity signal in

the medial part of the cerebellar hemisphere right beside the

vermis (the “paravermal area”) on FLAIR images (Fig 1), and
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5) high-intensity signal in the middle cerebellar peduncle on
FLAIR images (Fig 1B).

In all 8 cases, NIID was suspected from cerebral DWI findings,

and a skin biopsy was performed. Light microscopy showed eo-

sinophilic ubiquitin–positive and p62-positive intranuclear in-

clusions in the adipocytes, fibroblasts, and sweat gland cells. Elec-

tron microscopy was conducted in all patients except patient 6,

and it revealed attenuated filament material without a limiting

membrane. The patients’ clinical presentations are summarized
in Table 1.

Dementia was observed in 3 of the 8 patients (37.5%). Mild

ataxia was found in 3 patients (37.5%). In all cases, the deep ten-

don reflex was reduced or absent. One of the 8 patients showed a

decreased MMSE score, and 5 of the 7 patients showed impaired

FAB scores.

The CSF examinations showed elevated protein in all cases.

The MR imaging findings of the 8 pa-

tients with NIID are summarized in Ta-

ble 2. MR imaging showed a high-inten-

sity signal along the corticomedullary

junction on DWI and diffuse high-in-

tensity signal of cerebral white matter

and cerebellar atrophy on FLAIR images

in all cases (Fig 2). Six patients (75%)

showed abnormal FLAIR high-intensity

signal in the paravermal area (Figs 1 and

2). Four patients (50%) showed high-in-

tensity signal in the middle cerebellar

peduncle (Figs 1 and 3).

DISCUSSION
We have presented the MR imaging fea-

tures of the cerebellum in 8 patients with

pathologically confirmed adult-onset

NIID. We observed abnormal FLAIR

high-intensity signal in the paravermal

area and middle cerebellar peduncle as

characteristic MR imaging findings of

FIG 1. A representative case (patient 1) showing the abnormal signals at the paravermal area and
the middle cerebellar peduncle. FLAIR axial images (A and B), a coronal image (C), and a sagittal
image (D) show atrophy of the cerebellum and bilateral high signal intensity in the medial part of
the cerebellar hemisphere immediately beside the vermis (the paravermal area) (black arrows)
and in the middle cerebellar peduncle (black arrowheads).

Table 1: Summary of the clinical features of patients with NIID
Patient No.

1 2 3 4 5 6 7 8
Age at onset (yr) 64 52 62 62 67 67 67 64
Sex M F F M F M F M
Disease duration at MRI (yr) 2 9 8 3 5 6 1 5
Clinical manifestations

Dementia – – – � � – � –
Delusion – – � – – – – –
Muscle weakness – – – – – – – –
Tremor – – Postural – Postural Postural – Resting, postural
Rigidity – – – – – – – –
Ataxia – – – � � – – �
Hyporeflexia or areflexia in DTR � � � � � � � �
Sensory disturbance – – – – – – – –
Urinary incontinence – – – � � – – –
Transient visual field abnormality � � – – – – – �
Transient hemiparesis – � – – – – – –
Transient abnormal behavior – � – � – � – –
Generalized convulsion – – – – – – – –
Disturbance of consciousness – – – – – � � �

Cognitive screening test
MMSE 30 29 30 14a 30 28 24 29

Frontal lobe function test
FAB 13b 16 14b 11b 12b 16 8b NE

CSF
Cell (mm3) 3 2 4 1 1 6 NE NE
Protein (mg/dL) 66 55 100 47 52 48 NE NE

Note:—DTR indicates deep tendon reflex; –, absence of the manifestation; �, presence of the manifestation; NE, not examined.
a Decreased MMSE score below a cutoff score of 24.
b Decreased FAB score below the published age-matched average.
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the cerebellum in NIID. Although cerebellar atrophy in NIID has

been described in several cases,3,9,10 there is no report focusing on

the distribution of abnormal signals in the cerebellum.

Previous studies have demonstrated that remarkable diffuse

high-intensity signal of the cerebral white matter and DWI high-

intensity signal along the corticomedul-

lary junction are characteristic MR im-

aging findings of patients with NIID.3,5

The DWI finding of high-intensity sig-

nal along the corticomedullary junction

could thus be a strong indicator of the

diagnosis of NIID. According to a study

comparing MR imaging and pathologic

findings in NIID, DWI high-intensity

signal along the corticomedullary junc-

tion and FLAIR high-intensity signal in

the white matter correlated with patho-

logic spongiotic changes and diffuse my-

elin pallor without spongiosis, respec-

tively.11 The spongiotic changes were

restricted to the subcortical lesions

proximal to the U-fibers, and these

changes might induce an inactivation of

water diffusion.

That report11 also described a re-

markable loss of glial fibrillary acidic

protein–positive astrocytes compared

with relatively mild axonal loss in the

subcortical lesions, and astrocyte dys-

function has been considered a possible

cause of white matter damage that ranges

from myelin pallor to spongiotic change. These MR imaging findings

extend predominantly into the frontal lobe and are thought to be

related to white matter dementia, which is more easily detectable by

the FAB than the MMSE.5 Consistent with this previously reported

finding, most of our patients showed a decreased FAB score. Al-

though it was not observed in our patients, transient focal brain

edema with gadolinium enhancement has also been reported in pa-

tients with NIID during subacute encephalic episodes.5

In accordance with previous reports,3,9,10 all 8 of our patients

with NIID presented with cerebellar atrophy. In addition, an ab-

normal signal in the medial part of the cerebellar hemisphere right

beside the vermis, which we defined as the paravermal area, was

observed at a high frequency in our patient series. The paravermal

area is included in the intermediate part of the cerebellar hemisphere

that receives somatosensory input from the limbs and projects via the

interposed nucleus to the lateral corticospinal and rubrospinal sys-

tems.12 A previous investigation revealed that lesions in this interme-

diate part induced impaired gait balance control.13

In the present study, the relationship between the extent of the

lesion and the severity of ataxia could not be assessed, but all 3

FIG 2. Patient 4. DWI (A) shows high-intensity signal along the corticomedullary junction. A FLAIR
axial image (B) shows diffuse high intensity in the bilateral cerebral hemispheres. FLAIR axial (C)
and coronal (D) images show atrophy of the cerebellum and high-intensity signal in the medial
part of the cerebellar hemisphere right beside the vermis (the paravermal area).

FIG 3. Patient 2. A FLAIR axial image shows bilateral high signal inten-
sities in the middle cerebellar peduncle.

Table 2: Summary of MRI findings of the 8 patients with NIID
Patient No.

1 2 3 4 5 6 7 8
Cerebrum

High-intensity signal along the corticomedullary junction on DWI � � � � � � � �
Diffuse high-intensity signal of cerebral white matter on FLAIR images � � � � � � � �

Cerebellum
Atrophy � � � � � � � �
High-intensity signal in the medial part of cerebellar hemisphere right beside

the vermis on FLAIR images
� – � � � � – �

High-intensity signal in the middle cerebellar peduncle on FLAIR images � � � – – � – –

Note:— – indicates absence of the finding; �, presence of the finding.
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patients with ataxia presented with an abnormal signal in the

paravermal area. It is possible that the lesions in the paravermal

area observed in our patients influence the ataxic gait in NIID. In

our patients, the second most frequent abnormal signal in the

cerebellum was the middle cerebellar peduncle lesion. Although

we could not determine the pathologic background of these ab-

normal signals in the cerebellum in our patients, in previous re-

ports describing the cerebellar pathology of NIID, a loss of myelin

in the white matter of the cerebellum was described.9,14,15

The paravermal abnormal signal observed in our patients might

be a specific finding for NIID. Another lesion in the medial part of the

cerebellar hemisphere, in the peridentate white matter with and

without a middle cerebellar peduncle lesion, has been described in

several disorders, such as fragile X–associated tremor/ataxia syn-

drome (FXTAS),16,17 Erdheim-Chester disease,18 neurofibromato-

sis,19 and progressive multifocal leukoencephalopathy.20 However,

the distribution of the lesions in the peridentate white matter ob-

served in these disorders is different from that in the lesions in the

paravermal area found in our cases. Although the term “paravermal”

has been used in a case with brain infarction,21 it has never

been used to describe a lesion of a neurodegenerative disorder,

to our knowledge.

The paravermal abnormal signal observed in our patients has a

unique distribution, and it could be an indicator of the diagnosis

of NIID, along with the DWI finding of a high-intensity signal

along the corticomedullary junction. The middle cerebellar pe-

duncle lesion is also considered a characteristic finding of NIID,

though it can be found in other neurodegenerative disorders such

as FXTAS, multiple system atrophy, and spinocerebellar ataxia

and diseases due to other etiologies (neoplasm, metabolic, cere-

brovascular, inflammatory, and demyelinating diseases).22 Like

the high-intensity signal along the corticomedullary junction on

DWI, this lesion may also help clinicians distinguish between

NIID and clinically similar diseases such as gelsolin amyloidosis,

which can present with neuropathy, ataxia, and dementia.23

The limitation of this study was that in no patients was

brain pathology obtained. However, in both sporadic and fa-

milial cases of NIID, it was reported that nuclear inclusions

detected by skin biopsy are morphologically and immunohis-

tochemically identical to those reported for NIID inclusions in

neuronal cells.3,4 Moreover, in cases of NIID diagnosed by

both postmortem dissection and skin biopsy, the histopatho-

logic features of the inclusions in the skin and central nervous

system tissues were identical.5 We therefore think that the absence of

postmortem cases of NIID does not limit the validity of our findings.

On the other hand, as in our patients, a skin biopsy has been per-

formed, with the abnormal findings on DWI as a trigger for most

cases reported in recent years.5 The frequency of an abnormal signal

along the corticomedullary junction on DWI may be overestimated

in NIID.

Another limitation of our study is that the CGG repeat length

of the FMR1 gene was not analyzed. In FXTAS, which is caused by

permutation alleles of the FMR1 gene, eosinophilic ubiquitin–

positive intranuclear inclusions, similar to those reported in

NIID, were observed in neurons and glial cells.24,25 However,

whereas the core clinical features of FXTAS are progressive

tremor and gait ataxia, the core clinical feature of adult-onset

NIID in our patients was dementia.5,26 There was no family his-
tory of symptoms or medical history that suggested FXTAS in any
of our patients. In addition, in a study of 27 cases of NIID with the
analyzed FMR1 gene, all cases showed a normal range of CGG
repeats.5 The possibility that FXTAS was present among our pa-
tients thus seems to be extremely low.

CONCLUSIONS
We observed abnormal FLAIR high-intensity signals in the para-

vermal area and middle cerebellar peduncle other than cerebellar

atrophy as characteristic MR imaging findings of the cerebellum

in NIID. The paravermal abnormal signal could indicate the di-

agnosis of NIID, even when using the findings of past MR imaging

examinations in which DWI was not performed.
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