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Neuronal intranuclear inclusion disease (NIID) is a rare, progressive
neurodegenerative disorder known for its diverse clinical manifestations.
Although episodic neurogenic events can be associated with NIID, no reported
cases have demonstrated concurrent clinical features or MRI findings resembling
reversible cerebral vasoconstriction syndrome (RCVS). Here, we present the
inaugural case of an adult-onset NIID patient who initially displayed symptoms
reminiscent of RCVS. The 59-year-old male patient's initial presentation included
a thunderclap headache, right visual field deficit, and confusion. Although his
brain MRI appeared normal, MR angiography unveiled left posterior cerebral
artery occlusion, subsequently followed by recanalization, culminating in an
RCVS diagnosis. Over an 11-year period, the patient encountered 10 additional
episodes, each escalating in duration and intensity, accompanied by seizures.
Simultaneously, cognitive impairment progressed. Genetic testing for NIID
revealed an abnormal expansion of GGC repeats in NOTCH2NLC, with a count
of 115 (normal range, <60), and this patient was diagnosed with NIID. Our report
highlights that NIID can clinically and radiologically mimic RCVS. Therefore, in
the differential diagnosis of RCVS, particularly in cases with atypical features
or recurrent episodes, consideration of NIID is warranted. Additionally, the
longitudinal neuroimaging findings provided the course of NIID over an 11-year
follow-up period.
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1 Introduction

Neuronal intranuclear inclusion disease (NIID) is a rare
progressive neurodegenerative disorder characterized by eosinophilic
hyaline intranuclear inclusions in the central and peripheral nervous
systems and various visceral organs (1). Diagnosis of NIID can
be challenging owing to its highly heterogeneous clinical symptoms,
which include cognitive impairment, tremor, peripheral neuropathy,
and autonomic dysfunction. Although hyperintensity along the
corticomedullary junction (CMJ) in diffusion-weighted imaging
(DWI) on brain magnetic resonance imaging (MRI) can facilitate the
diagnosis of NIID, it can easily be missed when patients do not show
this characteristic MRI finding.

Reversible cerebral vasoconstriction syndrome (RCVS) is a group
of conditions characterized by the reversible narrowing of the cerebral
arteries associated with thunderclap headaches and is sometimes
accompanied by neurological deficits. While there have been several
reports of episodic neurogenic events in NIID (2, 3), no case of NIID
accompanied by the clinical features or MRI findings of RCVS has
been reported. This report describes a patient presenting with
headache and neurological deficits accompanied by cerebral
vasospasm similar to RCVS that finally turned out to be NIID after an
11-year follow-up.

2 Case description

A 59-year-old man presented with an acute onset of severe
thunderclap headache in the right frontotemporal region,
accompanied by nausea, vomiting, right visual field deficit, and
confusion. The patient had a history of similar recurring symptoms
since his early 50s, which were relieved within an hour and occurred
once a year. Initial laboratory tests, including cerebrospinal fluid and
cytological, biochemical, and microbiological examinations, were
unremarkable. DWT and fluid-attenuated inversion recovery (FLAIR)
sequences performed on the day the headache started were normal
(Figures 1A,B). However, magnetic resonance angiography (MRA)
revealed occlusion of the left posterior cerebral artery (PCA)
(Figure 1C1). Computed tomography (CT) perfusion revealed a delay
in the time-to-peak map and reduced cerebral blood flow in the left
occipital lobe (Figure 1D). He was administered nimodipine, and his
symptoms resolved within 1day. Follow-up MRA 6 months later
revealed recanalization of the occluded left PCA (Figure 1C2). Based
on clinical features and the course, the patient was diagnosed
with RCVS.

The patient experienced 10 more episodes over the course of
11 years, with episodes becoming longer and more severe over time
(Supplementary Table S1). DWI at each episode revealed no
abnormalities; however, MRA and CT perfusion demonstrated
variable findings, ranging from normal to reduced blood flow in the
right or left parietal-temporal lobe (Figure 2). In two episodes at the
ages of 66 and 68years, the patient experienced seizures and
than Video-
electroencephalography (EEG) monitoring revealed continuous

hallucinations lasting for more 2 weeks.
slowing in the left hemisphere without epileptiform discharges. All
autoimmune laboratory test results were normal. Genetic tests for
mitochondrial encephalopathy, lactic acidosis, and stroke-like

episodes (MELAS) and myoclonic epilepsy with ragged red fibers
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FIGURE 1

Brain MRI at initial onset showing no apparent lesions (A, DWI; B,
FLAIR). MRA shows occlusion of the left posterior cerebral artery (C1,
arrow), which was recanalized at the next follow-up 6 months later
(C2, arrow). CT perfusion images showing a delay in the time-to-
peak map (D1, arrows) and reduced cerebral blood flow (D2, arrows)
in the left posterior cerebral artery. MRI, magnetic resonance
imaging; MRA, magnetic resonance angiography; CT, computed
tomography; DWI, diffusion-weighted image; FLAIR, fluid-attenuated
inversion recovery.

were negative. His symptoms gradually improved after steroid pulse
therapy and the administration of anti-seizure medication. At the age
of 67, his memory began to decline. At 69, approximately 10 years after
his initial presentation, he was hospitalized for evaluation of
progressive cognitive decline. The patient had a family history of
dementia (mother and three paternal aunts). Neuropsychological
examination revealed moderate to severe deficits in all cognitive
domains (Mini-Mental State Examination score, 24/30; Clinical
dementia rating, 1). Postural/active upper limb tremors were
observed; however, no other significant findings were observed. EEG
showed intermittent generalized slow waves, and FLAIR images
showed diffuse cortical atrophy with multifocal hyperintensities in the
CM]J of the bilateral frontal, temporal, and parietal areas and the
paravermis. However, no abnormally high signal intensity was
observed on DWI (Figure 2). Tests for other neurodegenerative
diseases, such as cerebrospinal fluid real-time quaking-induced
conversion (CSF RT-QulC) assay for detecting pathogenic prion
protein (PrP*) for Creutzfeldt-Jakob disease and Amyloid PET scan
for Alzheimer’s disease (AD), returned negative results. Based on
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recovery; MRI, magnetic resonance imaging.

FLAIR sequences on MRI performed 10 years after onset showing diffuse brain atrophy, particularly in the bilateral temporal lobes and subtle high signal
intensities in the bilateral temporal corticomedullary junction (arrows). Paravertebral high-intensity signal changes were observed a few years earlier
than cortical changes (triangles). No abnormally high signal intensity was observed on diffusion-weighted MRI. FLAIR, fluid-attenuated inversion

progressive cognitive deficits and tremors, which are atypical clinical
features of RCVS, and paravermal hyperintensity on FLAIR, which is
one of the imaging markers of NIID, a genetic test for NIID was
conducted, revealing an abnormal expansion of GGC repeats in
NOTCH2NLC, with a count of 115 (normal range, <60)
(Supplementary Figure S1). Since there is no disease-modifying
therapy for NIID, the patient is prescribed levetiracetam and
propranolol to manage seizures and tremors, with regular outpatient
visits scheduled quarterly.

Frontiers in Neurology

3 Discussion

The patient was initially diagnosed with RCVS based on reversible
thunderclap headaches and vascular spasms. However, he experienced
a progressive worsening of episodic encephalopathy over a decade and
developed cognitive impairment and tremors. Although no CMJ
signals were found in any of the DWIs, multifocal CMJ high-signal
changes, including in the paravermal area, were detected on the
FLAIR images approximately when cognitive impairment developed.
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A subsequent genetic test revealed a GGC repeat expansion in
NOTCH2NLC, leading to a revised diagnosis of NIID 11 years after
the initial diagnosis.

Since the identification of GGC repeat expansions of
NOTCH2NLC in 2019, NIID has rapidly emerged as the predominant
cause of genetic leukoencephalopathy, mostly from the East Asian
population. One Japanese study showed NIID was the most common
cause (11.9%) of adult leukoencephalopathy, similar prevalence to that
of Cerebral autosomal dominant arteriopathy with subcortical infarcts
and leukoencephalopathy (4). A recent Chinese study also
demonstrated that NOTCH2NLC mutation was the second most
common cause of genetic leukoencephalopathy (19%) (5). However,
NOTCH2NLC mutation has been rarely reported in European cohort
(6). The incidence of NIID in adult-onset leukoencephalopathies
across diverse populations remains unclear.

NIID is a neurodegenerative disease affecting nervous and
non-nervous systems, which manifests diverse symptoms. Tai et al.
recently proposed a clinical classification of NIID with five subtypes:
cognitive impairment, movement disorder, episodic neurogenic
event, autonomic dysfunction, and neuromuscular disease-dominant
type (7). According to this classification, our patient with several
RCVS-like attacks may be of the episodic neurogenic event-dominant
type, manifested as one of acute disturbances of consciousness,
encephalitic episodes, stroke-like episodes, epileptic seizures, or
episodic headaches.

Patients with NIID of the episodic neurogenic event-dominant
type, especially with stroke-like or encephalitic symptoms, may exhibit
abnormally high signal intensities on MRI. Notably, some patients
exhibit abnormal hyperintensity along the cortical and subcortical
areas, similar to those in MELAS syndrome (8). These patients also
show dynamic perfusion changes from initial hypoperfusion followed
by subsequent hyperperfusion to chronic hypoperfusion (9). Other
patients have usually demonstrated typical CM] signal changes on
DWIs along with white matter hyperintensities (WMHs) on T2-or
FLAIR images (10).

However, the present patient did not show any white matter changes
or typical DWI findings for almost 11years. Moreover, he showed
reduced perfusion with reversible vasoconstriction at the time of the first
evaluation, and since then, various perfusion changes at each RCVS-like
attack have been inconsistent with previous NIID cases. Therefore,
diagnosing NIID in its early stages was challenging for this patient.

In most adult-onset NIID cases, a high signal intensity in the
CM]J on DWI is a strong indicator of NIID (1). A recently
published study of 223 NIID patients found that 96.6% of the
patients had DWT high-intensity signals along the CMJ, which is
a characteristic curvilinear lesion in most NIID cases (7). In other
words, few NIID cases did not exhibit this characteristic
curvilinear lesion. According to another study, DWI-negative
patients were significantly younger than the patients with DWI
CM] lesions (11). Additionally, one report has described reversible
lesions on DWI. The high signal intensity observed on DWI may
become stronger or weaker during the course of the disease (2).
In the present case, years later, only diffuse brain atrophy with
multifocal high signal intensities in the CM]J were observed on
FLAIR sequence, and these sequences became more apparent.
Notably, the appearance of DWI abnormalities in patients with
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NIID may depend on the timing of imaging. Given that these focal
cortical lesions on FLAIR images developed even before the DWI
CM]J signal and WMHs emerged, DWI abnormalities, in this case,
may have not yet appeared (11). A follow-up brain MRI
examination is definitely required.

A high-signal lesion in the paravermis of the FLAIR sequence
is a crucial marker for NIID, affecting 55-89% of patients with
NIID (7, 12). This lesion can help clinicians distinguish NIID
from fragile X-associated tremor/ataxia syndrome (FXTAS)
which is clinically and pathologically similar to NIID, since the
distribution of the cerebellar lesion in NIID (paravermis) differs
from that observed in FXTAS (middle cerebellar peduncle) (13).
Although less sensitive than CM] lesions on DWI, paravermal
lesions can take precedence over CMJ lesions and may be the only
radiological sign for the diagnosis of NIID in the absence of DWI
CM] abnormalities, just like our case (14). In addition, progressive
cerebral atrophy with widening of subarachnoid space and
ventricles was observed on brain MRI scans performed over an
11-year period (Figure 2). The cerebral atrophy has been
previously reported in patients with NIID and is believed to be a
consequence of mostly astroglial and white matter pathology (2,
7, 15, 16).

The mechanisms underlying episodic neurogenic event-dominant
NIID remain unclear. However, several potential hypotheses have
been proposed. The first hypothesis involves the disruption of the
blood-brain barrier (BBB) due to astrocytic degeneration. In affected
white matter of NIID patients, reduced astrocyte density and
morphological abnormalities have been observed (16). These findings
may indicate a disruption of BBB, leading to impaired blood flow
control. The second hypothesis suggests that blood flow dysregulation
is a contributing factor. The accumulation of eosinophilic inclusions
in cerebrovascular smooth muscle cells could play a significant role in
vascular dysfunction, leading to altered cerebral perfusion in
individuals with NIID (17). The discussion regarding whether the
disruption of the BBB and blood flow dysregulation in NIID are
primary or secondary changes is needed.

A limitation of this study was the absence of a skin biopsy. Recent
studies have revealed that abnormal GGC amplification in
NOTCH2NLC can also be present in Parkinson’s disease, AD, and
essential tremors (18). Therefore, these overlapping findings in other
neurodegenerative disorders may impact the diagnostic specificity of
a GGC repeat expansion in NOTCH2NLC.

In conclusion, this is the first report to describe a patient with
NIID who initially presented with symptoms similar with
RCVS. Given that RCVS is usually benign and its pathogenesis
remains unclear, clinicians need to be aware of the possibility of NIID
when patients present with recurrent RCVS-like symptoms with
cognitive deficits during long-term follow-up period, even if they do
not show the characteristic MR findings of NIID.

Data availability statement

The original contributions presented in the study are included in
the article/Supplementary material, further inquiries can be directed
to the corresponding author.

frontiersin.org


https://doi.org/10.3389/fneur.2024.1347646
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org

Leeetal.

Ethics statement

The studies involving human participants were reviewed and
approved by the institutional review board of Pusan National
University Hospital (2105-002-102). Written informed consent
was obtained from the individual(s), and minor(s)’ legal
guardian/next of kin, for the publication of any potentially

identifiable images or data included in this article.

Author contributions

G-HL: Conceptualization, Writing - original draft, Writing - review
& editing. EJ: Investigation, Writing - review & editing. N-YJ:
Methodology, Supervision, Writing - review & editing. TM: Methodology,
Supervision, Writing - review & editing. NM: Methodology, Supervision,
Writing - review & editing. E-JK: Conceptualization, Resources, Writing
- review & editing, Writing - original draft.

Funding

The author(s) declare financial support was received for the
research, authorship, and/or publication of this article. This
research was supported by the “National Institute of Health”
research project (project no. 2021-ER1004-01). This work was

References

1. Sone J, Mori K, Inagaki T, Katsumata R, Takagi S, Yokoi S, et al. Clinicopathological
features of adult-onset neuronal intranuclear inclusion disease. Brain. (2016)
139:3170-86. doi: 10.1093/brain/aww249

2. Chen L, Wu L, Li S, Huang Q, Xiong J, Hong D, et al. A long time radiological
follow-up of neuronal intranuclear inclusion disease: two case reports. Medicine. (2018)
97:€13544. doi: 10.1097/MD.0000000000013544

3. Xie F, Hu X, Liu P, Zhang D. A case report of neuronal Intranuclear inclusion
disease presenting with recurrent migraine-like attacks and cerebral edema: a
mimicker of MELAS. Front Neurol. (2022) 13:837844. doi: 10.3389/
fneur.2022.837844

4. Okubo M, Doi H, Fukai R, Fujita A, Mitsuhashi S, Hashiguchi S, et al. GGC repeat
expansion of NOTCH2NLC in adult patients with leukoencephalopathy. Ann Neurol.
(2019) 86:962-8. doi: 10.1002/ana.25586

5. Wu C, Wang M, Wang X, Li W, Li S, Chen B, et al. The genetic and phenotypic
spectra of adult genetic leukoencephalopathies in a cohort of 309 patients. Brain. (2023)
146:2364-76. doi: 10.1093/brain/awac426

6. Yau WY, Sullivan R, Chen Z, Lynch DS, Vandrovcova J, Wood NW. Houlden
H.GGC repeat expansion in NOTCH2NLC is rare in European leukoencephalopathy.
Ann Neurol. (2020) 88:641-2. doi: 10.1002/ana.25818

7. Tai H, Wang A, Zhang Y, Liu S, Pan Y, Li K, et al. Clinical features and classification
of neuronal Intranuclear inclusion disease. Neurol Genet. (2023) 9:e200057. doi: 10.1212/
NXG.0000000000200057

8. Kikumoto M, Nezu T, Shiga Y, Motoda A, Toko M, Kurashige T, et al. Case of
neuronal Intranuclear inclusion disease with dynamic perfusion changes lacking typical
signs on diffusion-weighted imaging. Neurol Genet. (2021) 7:¢601. doi: 10.1212/
NXG.0000000000000601

9. Ataka T, Kimura N, Matsubara E. Temporal changes in brain perfusion in neuronal
Intranuclear inclusion disease. Intern Med. (2021) 60:941-4. doi: 10.2169/
internalmedicine.5743-20

Frontiers in Neurology

05

10.3389/fneur.2024.1347646

supported by clinical research grant from Pusan National
University Hospital in 2023.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Publisher’'s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Supplementary material

The Supplementary material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fneur.2024.1347646/
full#supplementary-material

10.Li M, Li K, Li X, Tian Y, Shen L, Wu G, et al. Multiple reversible encephalitic
attacks: a rare manifestation of neuronal intranuclear inclusion disease. BMC Neurol.
(2020) 20:125. doi: 10.1186/512883-020-01712-5

11.Liu YH, Chou YT, Chang FP, Lee W], Guo YC, Chou CT, et al. Neuronal
intranuclear inclusion disease in patients with adult-onset non-vascular
leukoencephalopathy. Brain. (2022) 145:3010-21. doi: 10.1093/brain/awac135

12. Tian Y, Zhou L, Gao J, Jiao B, Zhang S, Xiao Q, et al. Clinical features of
NOTCH2NLC-related neuronal intranuclear inclusion disease. ] Neurol Neurosurg
Psychiatry. (2022) 93:1289-98. doi: 10.1136/jnnp-2022-329772

13. Brunberg JA, Jacquemont S, Hagerman RJ, Berry-Kravis EM, Grigsby J, Leehey
MA, et al. Fragile X premutation carriers: characteristic MR imaging findings of adult
male patients with progressive cerebellar and cognitive dysfunction. AJNR Am ]
Neuroradiol. (2002) 23:1757-66.

14. Okamura S, Takahashi M, Abe K, Inaba A, Sone J, Orimo S. A case of neuronal
intranuclear inclusion disease with recurrent vomiting and without apparent DWI
abnormality for the first seven years. Heliyon. (2020) 6:¢04675. doi: 10.1016/j.
heliyon.2020.e04675

15. Yokoi S, Yasui K, Hasegawa Y, Niwa K, Noguchi Y, Tsuzuki T, et al. Pathological
background of subcortical hyperintensities on diffusion-weighted images in a case of neuronal
intranuclear inclusion disease. Clin Neuropathol. (2016) 35:375-80. doi: 10.5414/NP300961

16. Yoshii D, Ayaki T, Wada T, Ozaki A, Yamamoto T, Miyagi Y, et al. An autopsy case
of adult-onset neuronal intranuclear inclusion disease with perivascular preservation in
cerebral white matter. Neuropathology. (2022) 42:66-73. doi: 10.1111/neup.12778

17. Kutsuna F, Tateishi Y, Yamashita K, Kanamoto T, Hirayama T, Shima T, et al. Perfusion
abnormality in neuronal intranuclear inclusion disease with stroke-like episode: a case
report. Cereb Circ Cogn Behav. (2022) 3:100127. doi: 10.1016/j.cccb.2022.100127

18. Tian Y, Wang JL, Huang W, Zeng S, Jiao B, Liu Z, et al. Expansion of human-
specific GGC repeat in neuronal Intranuclear inclusion disease-related disorders. Am J
Hum Genet. (2019) 105:166-76. doi: 10.1016/j.ajhg.2019.05.013

frontiersin.org


https://doi.org/10.3389/fneur.2024.1347646
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://www.frontiersin.org/articles/10.3389/fneur.2024.1347646/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fneur.2024.1347646/full#supplementary-material
https://doi.org/10.1093/brain/aww249
https://doi.org/10.1097/MD.0000000000013544
https://doi.org/10.3389/fneur.2022.837844
https://doi.org/10.3389/fneur.2022.837844
https://doi.org/10.1002/ana.25586
https://doi.org/10.1093/brain/awac426
https://doi.org/10.1002/ana.25818
https://doi.org/10.1212/NXG.0000000000200057
https://doi.org/10.1212/NXG.0000000000200057
https://doi.org/10.1212/NXG.0000000000000601
https://doi.org/10.1212/NXG.0000000000000601
https://doi.org/10.2169/internalmedicine.5743-20
https://doi.org/10.2169/internalmedicine.5743-20
https://doi.org/10.1186/s12883-020-01712-5
https://doi.org/10.1093/brain/awac135
https://doi.org/10.1136/jnnp-2022-329772
https://doi.org/10.1016/j.heliyon.2020.e04675
https://doi.org/10.1016/j.heliyon.2020.e04675
https://doi.org/10.5414/NP300961
https://doi.org/10.1111/neup.12778
https://doi.org/10.1016/j.cccb.2022.100127
https://doi.org/10.1016/j.ajhg.2019.05.013

	Case report: Neuronal intranuclear inclusion disease initially mimicking reversible cerebral vasoconstriction syndrome: serial neuroimaging findings during an 11-year follow-up
	1 Introduction
	2 Case description
	3 Discussion
	Data availability statement
	Ethics statement
	Author contributions

	References

