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Background: Infant, junior, and adult patients with neuronal intranuclear inclusion disease (NIID) present with various types of seizures. We aimed to conduct a systematic literature review on the clinical characteristics of NIID with seizures to provide novel insight for early diagnosis and treatment and to improve prognosis of these patients.

Methods: We used keywords to screen articles related to NIID and seizures, and data concerning the clinical characteristics of patients, including demographic features, disease characteristics of the seizures, treatment responses, imaging examinations, and other auxiliary examination results were extracted.

Results: The included studies comprised 21 patients with NIID with seizures. The most common clinical phenotypes were cognitive impairment (76.20%) and impaired consciousness (57.14%), and generalized onset motor seizures (46.15%) represented the most common type. Compared with infantile and juvenile cases, the use of antiepileptic drugs in adults led to significant seizure control and symptom improvement, in addition to providing a better prognosis. The number of GGC sequence repeats in the NOTCH2NLC gene in six NIID patients with seizures who underwent genetic testing ranged 72–134.

Conclusion: The most common clinical phenotypes in patients with NIID with seizures were cognitive impairment and consciousness disorders. Patients with NIID presented with various types of seizures, with the most common being generalized onset motor seizures. Adult patients had a better prognosis and were relatively stable. The early diagnosis of NIID with seizures is of great significance for treatment and to improve prognosis.
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Introduction

Neuronal intranuclear inclusion disease (NIID) is a rare and slowly progressing neurodegenerative condition characterized by the presence of transparent eosinophilic inclusion bodies in the cells of the central, peripheral, and autonomic nervous systems and visceral organs (1–4). NIID can be divided into child, adolescent, and adult types based on the age and course of onset. The adult type can be further divided into sporadic and familial types based on family genetics (5, 6). The clinical manifestations of NIID are heterogeneous and involve the central, peripheral, and autonomic nervous systems (7–10).

NIID displays eosinophilic transparent inclusion bodies in adipocytes, fibroblasts, and sweat gland cells based on skin biopsy, and diffusion-weighted imaging (DWI) in magnetic resonance imaging (MRI) examinations shows characteristic high signals at the corticomedullary junction, which can assist in diagnosis (11). Moreover, GGC repeat amplification in the 5′ region of the notch homolog 2 N-terminal-like protein C gene (NOTCH2NLC) is seen in NIID, enabling disease recognition and early diagnosis (2, 12–15). However, in some patients with atypical and nonspecific clinical manifestations, especially in those with no imaging-based manifestations, it is difficult to diagnose NIID based solely on clinical presentations.

NIID can present with slow progressive symptoms, such as dementia, Parkinson’s syndrome, cerebellar ataxia, peripheral neuropathy, and autonomic dysfunction (7, 8, 16, 17), as well as acute episodic symptoms such as consciousness disorders, episodic encephalopathy, and stroke-like seizures (8, 9, 17). This disease can also cause various types of seizures in infant, junior and adult patients (1, 18, 19). The area of epileptic lesions seen on electroencephalography (EEG) is consistent with the DWI hyperintensities (20), and areas with swelling and layered necrosis in the brain are also the areas with the strongest epileptic discharge (6). Thus, the cerebral cortex near the DWI hyperintense areas may be more active than other regions, which is likely related to the occurrence of seizures in these patients (21). However, the pathogenesis of seizures in NIID and the effect of seizures on NIID progression remain unclear. We, therefore, aimed to conduct a systematic literature review to determine the clinical characteristics of patients with NIID with seizures, and to discuss the possible mechanisms of NIID seizures to provide novel insights for early diagnosis and treatment as well as improving patient prognosis.



Methods


Search strategy and selection criteria

We systematically searched the PubMed, Google Scholar, Wanfang, and China National Knowledge Infrastructure databases for studies related to NIID with seizures published between January 1984 and June 2023, using a combination of terms such as “neuronal intranuclear inclusion disease,” “neuronal intranuclear hyaline inclusion disease,” “seizure,” and “epilepsy.” The inclusion criteria were: (1) confirmed NIID based on clinical and imaging presentations, pathological testing, and genetic testing; and (2) seizures diagnosed based on clinical manifestations and EEG findings during the disease course. Studies with the following characteristics were excluded: (1) inclusion of seizures due to other diseases; (2) repeated cases; (3) comments and consensus statements; (4) incomplete demographic and clinical characteristic data; and (5) full text unobtainable. Case reports, case series, and retrospective and prospective observational studies were included in the analyses. After reviewing 324 articles and excluding repeated cases, studies comprising 556 patients with confirmed NIID were included. Eighteen articles were finally included, with a total of 21 cases, meeting all inclusion and exclusion criteria. The screening process is illustrated in Figure 1.
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FIGURE 1
 Flow chart of study selection.




Data extraction

Two reviewers conducted independent literature searches and extracted the following data for analysis: (1) demographic and disease-related characteristics, including age at onset, sex, disease course, family history, and clinical phenotype; (2) clinical features related to seizures, including clinical manifestations, seizure types, antiepileptic drugs, treatment effects, and EEG manifestations of seizures; and (3) results of auxiliary examinations and tests, including cranial MRI, cognitive function-related scores, nerve conduction velocity, blood creatine kinase (CK) levels, cerebrospinal fluid (CSF) biochemistry tests, tissue pathological biopsy, and genetic testing. The patients were divided into infantile, juvenile, and adult groups based on their age at onset and disease course. Seizure types were determined by two professional neurologists based on the 2017 International League Against Epilepsy (ILAE) classification (22).



Data analysis

We used SPSS software (version 26.0; IBM Corp., Armonk, NY, United States) and GraphPad Prism (version 8.0; La Jolla, CA, United States) for statistical analysis and image rendering, respectively. Non-normally distributed econometric data are represented as medians and interquartile ranges (IQRs), whereas categorical data are represented as percentages (%). A descriptive quantitative analysis was conducted on the demographic data and disease characteristics of the patients. Differences in clinical phenotypes and seizure types were compared between patients with NIID with seizures at different ages. Classification variables were compared using Fisher’ s exact test. p-values <0.05 were considered statistically significant.




Results


Clinical characteristics of patients with NIID with seizures

After reviewing 324 studies and excluding repeated cases, 556 patients with confirmed NIID were identified, of which 39 (7.01%) experienced seizures. After screening, 18 observational studies (14 case reports and four cohort studies) from five countries met the inclusion criteria, with 12 published in English, two in Japanese, and four in Chinese. A total of 21 patients with NIID with seizures were included (11 from China, five from Japan, two from the United States, two from Canada, and one from Finland). The median age of onset in these cases was 59 (13–62) years, with no significant difference in patient sex (10 women and 11 men). Eight patients had a family history (8/17) of NIID.

Among the 21 included patients, two cases were infants, four were juveniles, and 15 were adults. There were five cases (5/20) with seizure as the initial symptom, and seven cases (7/20) with seizure as the main symptom. The other clinical manifestations of patients with NIID with seizures were heterogeneous, including various symptoms related to central, peripheral, and autonomic nervous system function. A detailed summary of the clinical features is provided in Table 1.



TABLE 1 Demographic and clinical characteristics of NIID cases with seizures.
[image: Table1]

Among the other clinical phenotypes of patients with NIID with seizures, cognitive impairment was the most common, occurring in 16 cases (76.20%), followed by consciousness disorders (12 cases, 57.14%) and psychobehavioral abnormalities (10 cases, 47.62%). Infantile patients with NIID with seizures also experienced consciousness disorders (2/2), ataxia (2/2), and muscle tone disorders (2/2). Juvenile patients with NIID often showed cognitive impairment (3/4), psychobehavioral abnormalities (3/4), muscle tone disorders (3/4), and tremors (3/4). The other most common clinical manifestations in adult patients with NIID with seizures were cognitive dysfunction (80%), consciousness disorders (60%), and psychobehavioral abnormalities (46.67%; Table 2; Figure 2).



TABLE 2 Comparison of clinical characteristics at different ages of NIID cases with seizures.
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FIGURE 2
 Different clinical phenotypes of adult NIID cases with seizures.




Disease-related characteristics of seizures in patients with NIID

The included cases of NIID exhibited a variety of seizure types. Among the 13 cases with complete data, the most common seizure type was generalized motor seizure (6/13), accounting for 46.15%, including tonic–clonic seizures (4/6) and myoclonic seizures (2/6). Focal onset impaired awareness motor seizures accounted for 23.08% (3/13) of cases, including automatism (2/3) and other types of motor seizures (1/3). Focal onset impaired awareness nonmotor seizures (2/13) and focal onset aware motor seizures (2/13) each accounted for 15.38% of all cases. Other cases also presented with unknown onset nonmotor seizures (1/13) and generalized onset nonmotor seizures (1/13; Tables 3, 4; Figure 3). Among these 13 cases, three developed convulsive status epilepticus (CSE; 1/13) and one developed non-convulsive status epilepticus (NCSE; 1/13). One or more antiepileptic drugs were used, including levetiracetam (6/11), phenytoin sodium (4/11), carbamazepine (3/11), valproic acid (2/11), phenobarbital (1/11), diazepam (1/11), oxazepine (1/11), clonazepam (1/11), and topiramate (1/11). The EEG manifestations included epilepsy-like discharges (12/17), manifesting as sharp spikes in various parts (Table 3). Among the 14 cases with complete data, the prognosis of infantile and juvenile cases was poor, with four cases gradually progressing to death (4/6). No significant statistical difference was found in the mortality rate between the two groups (p > 0.05). Compared with infantile and juvenile cases, the use of antiepileptic drugs in adult patients significantly controlled and improved symptoms, and patient condition was stable (p = 0.010; Table 5).



TABLE 3 Clinical characteristics related to seizures of the cases.
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TABLE 4 Comparison of seizure types at different ages of NIID cases with seizure.
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FIGURE 3
 Different seizure types of NIID cases.




TABLE 5 Comparison of prognosis at different ages of NIID cases with seizure.
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Imaging and other auxiliary examinations in patients with NIID with seizures

The MRI examinations of all 15 adult patients with NIID with seizures showed high signal hyperintensities at the corticomedullary junction on DWI and white matter lesions on T2-weighted imaging (T2WI)/fluid attenuated inversion recovery (FLAIR) images. Some patients had cerebral atrophy (13/21), ventricular enlargement (7/21), or DWI signal hyperintensity in the corpus callosum (2/18).

In other auxiliary examinations, some patients showed abnormal neuropsychological scores, including Frontal Assessment Battery (FAB), Mini-Mental State Examination (MMSE), Montreal Cognitive Assessment (MoCA), Hamilton Anxiety Rating Scale (HAMA), and Hamilton Depression Rating Scale (HAMD) scores. Some patients also experienced decreased motor and sensory nerve conduction velocities (9/14). In CSF examinations, some patients showed a slight increase in CSF protein levels (6/15), but no significant increases in cell counts were observed. On pathological examinations, 20 of the 21 patients showed characteristic eosinophilic inclusion bodies in the nucleus on skin biopsy. Genetic testing revealed abnormal repetitive amplification of GGC sequences in the NOTCH2NLC gene of NIID patients. Six patients with NIID with seizures who underwent genetic testing showed 72–134 GGC sequence repeats (Table 6).



TABLE 6 Imaging examinations and other auxiliary examination results.
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Discussion

The present systematic review included reports on 21 patients with NIID with seizures, revealing that the most common clinical phenotypes of patients with NIID with seizures were cognitive dysfunction and consciousness disorders, with significantly decreased cognitive function after seizures in some cases. Additionally, patients with NIID exhibited various types of seizures, most commonly generalized onset motor seizure; compared with infantile and juvenile patients with NIID, adults had a better prognosis, more controlled seizure symptoms, and relatively stable condition.

The clinical manifestations of NIID include slow progressive symptoms related to dementia, Parkinson’s disease, cerebellar ataxia, peripheral neuropathy, and autonomic dysfunction (4, 7, 8, 16, 17), as well as acute episodic symptoms such as consciousness disorders, episodic encephalopathy, and stroke-like seizures (8, 9, 17). NIID is associated with various types of seizures in children, adolescents, and adult patients (23–28). In the present review, the median age of onset for patients with NIID with seizures was 59 years, with no significant sex differences. Most of the 21 included patients were adults. Five and seven patients presented with seizure as the initial and main symptom, respectively. Patients with NIID with seizures also exhibit heterogeneity in other clinical manifestations, including symptoms of the central, peripheral, and autonomic nervous systems. The main manifestations of adult patients with NIID with seizures were impairments to cognitive function and consciousness. In previous studies, the common symptoms of limb weakness in adult patients with NIID only manifested in 26.67% of patients (9). Therefore, if patients experience significant cognitive impairments or consciousness disorders along with seizures, a diagnosis of NIID should be considered.

Patients with NIID with seizures may develop secondary brain injury (29) leading to neurological dysfunction (6, 27, 30). After clinical symptoms gradually recover, brain tissue edema and layered necrosis can remain in the areas with the strongest epileptic discharge, delaying the recovery of brain function (6, 31–33). In the present review, Case 15 experienced significant deteriorations in cognitive function after experiencing behavioral changes and seizures within 1 month of onset (34). White matter encephalopathy may be the main cause of cognitive impairment in adult NIID (8, 9, 35, 36). Thus, patients with adult-onset NIID may first experience white matter damage, followed by atrophy of the hippocampus and neocortex, leading to executive dysfunction, memory impairment, and continuous deterioration in cognitive abilities (9, 37). Seizures may exacerbate this pathological process (9, 12, 37, 38). In another study, one patient experienced seizure characterized by paroxysmal memory loss that returned to normal (34). Although the clinical manifestations were atypical, the diagnosis of NIID was confirmed using neuroimaging, skin biopsy, and genetic testing (34). In clinical practice, NIID should be excluded if patients experience unexplained rapid cognitive decline after seizures. Further research is required to investigate the impact of seizures on cognitive function in patients with NIID.

In this systematic review, NIID cases presented with focal, generalized, and multiple types of seizures of unknown origin, the most common being generalized tonic–clonic seizures. Moreover, when compared with infantile and juvenile patients with NIID with seizures, adults had a better prognosis, more controlled seizure symptoms, and relatively stable conditions. Case 7 showed slow cognitive deterioration accompanied by disordered consciousness. Although the patient showed no obvious motor seizures, EEG showed extensive periodic bilateral high-amplitude triangular waves and sharp waves with an interval of 0.5–1 s, which was confirmed to be NCSE. The symptoms of consciousness recovery improve with the use of antiepileptic drugs (7). Because of the possibility of progressive cognitive impairment, which makes it difficult to detect a loss of consciousness caused by NCSE in adult patients with NIID patients, the diagnosis of NCSE may be missed (7). In clinical practice, patients with NIID experience prolonged cognitive impairment and encephalitis-like episodes which may be related to seizures, including NCSE. Long-term continuous EEG monitoring can be used to promptly detect seizures promptly and provide appropriate symptomatic treatment to improve patient prognosis.

Regarding imaging manifestations, 15 adult patients showed signal hyperintensities in the dermomyelinal junction on DWI. The areas of epileptic lesions seen on EEG are consistent with the high-signal areas on DWI (20). EEG in Case 17 showed a low-amplitude fast wave starting from the left parietal lobe (C3) and gradually spreading to the bilateral cerebral hemispheres, with widespread spikes and sharp waves (6). T2WI showed diffuse white matter lesions in both frontal lobes, whereas DWI shows a high signal hyperintensities at the corticomedullary junction between the frontal and left parietal lobes (6). The epileptic lesion was consistent with the high-signal area, with brain swelling and layered necrosis appearing in the left parietal lobe, which was also the area with the strongest epileptic discharge (6). Thus, the cerebral cortex near the DWI signal hyperintensity may be more active than other regions, and this is associated with seizures, unconscious, and NCSE in patients with NIID (21).

The occurrence of seizures in patients with NIID may be closely related to changes in perfusion to the cerebral cortex and medulla. Arterial spin labeling (ASL) imaging in Case 9 showed decreased diffused white matter perfusion in both the cerebral cortex and subcortical regions (39). Case 11 showed differences in cerebral perfusion during focal epileptic seizure, with high and low perfusion during and after onset, respectively (1). During the first seizure, ASL and magnetic resonance angiography (MRA) showed ipsilateral hypoperfusion. During the second day, single-photon emission computed tomography (SPECT) showed significant hyperperfusion in the corresponding areas (1). In the second seizure, ASL and MRA showed hypoperfusion in the right posterior area. On the second day, the images showed significant hyperperfusion in the corresponding area (1). The changes in perfusion in this patient were similar to those seen in migraine with aura, although the patient did not experience headache symptoms throughout the disease duration (1). In migraine with aura, changes in cerebral blood flow are biphasic, with low perfusion followed by high perfusion. Among the 21 included patients, three had seizure with migraine as the main phenotype of NIID. However, they did not undergo cerebral perfusion imaging, and the possibility of headache, epilepsy, and NIID cannot be ruled out as independent entities. More cases and further research are required to explore the relationship between these three diseases.

In addition, in comparison with healthy controls, patients with NIID have reduced cortical perfusion but increased deep brain perfusion (9, 40, 41). Characteristic changes in cerebral blood flow in patients with NIID may also cause hypoxia or hypoxic encephalopathy (42–46), which are the most common causes of NCSE (47, 48). In the hyperacute phase of NIID, cerebral hypoperfusion leads to the consumption of oxygen and nutrients, contributing to the accumulation of inclusion bodies in the eosinophilic nucleus and causing cerebral hypoxia, leading to progression followed by hyperperfusion lasting days to weeks (29, 45, 49, 50). After an acute attack, hyperperfusion and vascular hematoma in the cortical area are corrected, and cortical enhancement is alleviated (34). However, because of microvascular injury or intracellular neuronal intranuclear inclusions (NIIs) in subcortical cells after hyperperfusion, which are not conducive to recovery from energy metabolism disorders in the region, sustained chronic ischemia gradually occurs in the cells, leading to cytotoxic edema and angiogenesis, followed by the subcortical ribbon sign (38). DWI exhibits a signal hyperintensity similar to that of ischemic stroke, with significant apoptosis in the region and a pathological presentation of spongiform degeneration (34, 38). Ischemic hypoxic encephalopathy and extensive cytotoxic edema may lead to seizures (47, 48, 51).

We observed that all adult patients with NIID with seizures exhibited diffuse bilateral symmetric white matter lesions on T2WI and FLAIR images. Diffusion tensor imaging (DTI) in Case 9 also revealed sparse white matter fiber bundles (39). Pathological studies have reported extensive white matter fiber disorders throughout the brain of patients with NIID, with decreases in subcortical U-shaped, corpus callosum connective, and pyramidal bundle fibers (52). The causes of white matter lesions are complex. In addition to the influence of changes in cerebral perfusion, the dysfunction of astrocytes with nuclear inclusion bodies may lead to secondary damage to the myelin sheath and axons of the white matter, leading to spongiform degeneration (43), and may also be related to the loss of myelinated nerve fibers and oligodendrocyte degeneration in the white matter (52, 53). In addition, the abnormal amplification of GGC repeat sequences in NOTCH2NLC is the main cause of white matter lesions (54). The epileptic focus in patients with NIID is located near the high-signal area at the corticomedullary junction on DWI, suggesting that the nearby cerebral cortex forms the epileptic focus (6). In cases of cerebrovascular disease, concurrent seizures may occur if imaging reveals lesions in the white matter directly below the cortex (6). Therefore, changes in the cortex near the white matter lesions in patients with NIID may be related to seizures.

Among other auxiliary examinations, some patients showed abnormal neuropsychological scores, reflecting abnormalities in frontal lobe function and cognitive impairment. On pathological examination, 20 of the 21 patients showed characteristic eosinophilic inclusion bodies in the nucleus on skin biopsy. Genetic testing revealed abnormal repeated amplification of the GGC sequence in NOTCH2NLC in patients with NIID. This amplification is associated with NIID onset (36, 55–58), and NOTCH2NLC amplification and mutation are the most common causes of nonvascular white matter lesions. The oligomeric form of the mutated protein (rather than eosinophilic inclusion bodies) is the main pathogenic factor (10, 59–62, 64), and abnormal nuclear aggregation may cause seizures. Further research on NII components could enhance our understanding of the pathophysiology of epilepsy (5, 65–67). Case 13 showed abnormal GGC repeat sequences in NOTCH2NLC, without positive pathological and neuroimaging findings, confirming that genetic testing can be a sensitive diagnostic tool (34). The frequency of GGC repeats in the 5′ region of NOTCH2NLC in healthy adults does not exceed 40, and a repeat frequency > 60 is considered pathogenic (14, 68–70). After classification based on the clinical manifestations of NIID, the number of repeats varied among the different subtypes. Patients with myasthenia as the main phenotype had 118–517 repetitions; Parkinson’ s type, 66–102 repetitions; and dementia type, 91–268 repetitions (71, 72). In the present review, six patients with NIID with seizures who underwent genetic testing showed 72–134 GGC sequence repeats. However, the association between these repeats and seizures requires further investigation.

This systematic review had some limitations. First, the included cases were obtained via database search and inclusion and exclusion criteria were applied; therefore, the inclusion of cases may have been biased. Second, due to the rarity of cases of NIID with seizure and incomplete data, only a small portion of NIID cases with seizures were included here (21/39). Therefore, larger multicenter joint studies are needed to confirm the present findings.

In conclusion, NIID is a degenerative disease of the central nervous system that progresses slowly and exhibits heterogeneous clinical manifestations. This systematic review revealed that the most common clinical phenotypes of patients with NIID with seizures were cognitive dysfunction and consciousness disorders, and significant cognitive decline can occur after seizures. This further understanding of the clinical phenotypic characteristics of NIID provides novel insight into early diagnosis in clinical practice. NIID cases exhibit various types of seizures, with the most common being fully originating motor seizures. When compared with infantile and juvenile patients with NIID with seizures, adult patients have a better prognosis and a relatively stable condition. Changes in cortical and medullary perfusion, white matter lesions, abnormal aggregation of gene-mediated proteins, cerebral ischemia, and hypoxia in patients with NIID may be involved in the pathological and physiological mechanisms of seizures. Seizures can lead to secondary brain damage, neurological deficits, disease progression, and poor prognosis. Therefore, further exploration of the interaction mechanism between NIID and seizures is of great significance for making diagnoses, adjusting treatment plans, and improving disease prognosis.
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Clinical characteristics ile form (n=2) Junvenile form (n=4) Adult form (n

Onsetage, years, median (IQR) 59(13-63) 3(275-35) 95(8-115) 62(57-6.5)
Sex, Female, n (%) 10 (47.62) 1(50.00) 2(50.00) 7 (46.67)
Fever, n (%) 5(238) 0/(0.00) 0/(0.00) 5(3333)
Headache, n (%) 6(28.57) 0(0.00) 1(25.00) 5(3333)
Dizziness, n (%) 4(19.05) 0(0.00) 0(0.00) 4(26.67)
Cognitive dysfunction, n (%) 16(76.20) 1(50.00) 3(75.00) 12(80.00)
Mental and behavioral abnormalities, n

B 10 (47.62) 0(0.00) 3(75.00) 7 (46.67)
Aphasia, n (%) 6(28.57) 1(50.00) 1(25.00) 4(2667)
Consciousness disorder, n (%) 12(57.14) 2(100.00) 1(25.00) 9(60.00)
Encephalitic episodes, n (%) 3(14.29) 0(0.00) 0(0.00) 3(2000)
Stroke-like episodes, n (%) 2(9.52) 0(0.00) 1(25.00) 1(667)
Sensory disturbance, n (%) 6(2857) 1(50.00) 1(25.00) 4(2667)
Muscle weakness, n (%) 7(33.33) 1(50.00) 2(50.00) 4(26.67)
Dystonia, n (%) 6(28.57) 2(100.00) 3(75.00) 1(667)
Ataxia,n (%) 6(2857) 2(100.00) 2(50.00) 2(1333)
“Tremor, n (%) 7(33.33) 1(50.00) 3(75.00) 3(20.00)
Vision disorder, n (%) 7(33.33) 1(50.00) 2(50.00) 4(2667)
Polyneuropathy, n (%) 1(476) 1(50.00) 0(0.00) 0(0.00)
Vomiting, n (%) 4(19.05) 0(0.00) 1(25.00) 3(20.00)
Bladder dysfunction, n (%) 5(23.8) 1(50.00) 0(0.00) 4(2667)
Miosis, n (%) 4(19.05) 0(0.00) 0(0.00) 4(26.67)
Syncope, n (%) 0(0.00) 0(0.00) 0(0.00) 0(0.00)

NIID, neuronal intranuclear inclusion disease; IQR, interquartile range.
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Clinical Seizure types Antiepileptic Curative effect

manifestation drugs
109) | Myoclonic and absence Generalized onset motor | NA Poor treatment effect, Initial EEG at age 2.5 years demonstrated
seizures, consciousness seizure (myoclonic gradually worsening generalized spike-and-wave activity and
disorder, CSE. seizure), Generalized onset condition, and ultimately  later disclosed generalized slow waves
nonmotor seizure (absence death
seizure)
2(63) | NA NA NA Poor treatment effect, fuse and later bursts of slow activity
gradually worsening
condition, and ultimately
death
306 | Upward-turned gaze Focal onset aware motor  Phenyte Poor treatment effect, A mild abnormality, with paroxysms of slow
(oculogyric spasms) and seizure, Generalized onset | Carbamazepine gradually worsening waves of subcortical origin and general
tongue protrusion, periodic | motor seizure (myoclonic condition, and ultimately  slowing of the background activity. Defined
myoclonic jerks seizure) death by the dominant rhythm, changed from
mild to moderate abnormality, but the
‘number of paroxysms was variable, with no
definite trend
408) | NA NA NA Gradually worsening Generalized spike-and-wave discharges
condition, and ultimately
death
5(5) | Involuntary upward gaze,  Focal onset impaired NA Gradually worsening EEG showed abnormal, generalized
subtle mood changes awareness molor seizure condition epileptiform discharges with intermixed
(automatism seizure) 1-2-s high-voltage slow waves with no
dlinical correlation and no electrographic
seizures. Prolonged EEG monitoring
showed bursts of bifrontal-predominant,
spike-and-wave epileptiform activity that
did not increase in frequency during slep
6(0) | Generalized tonic-clo Generalized onsetmotor  Levetiracetam; Decreased seizure attacks (1) Obviously asymmetrical hemispheres,
seizures, CSE, myoclonic ~ seizure (tonic clonic seizure, | Topiramate; but frequent recurrence of | with significantly reduced right amplitude
epilepsy of the left myodlonic seizure) Clonazepam myoclonic epilepsy ofthe  and missing arhythm and sleep wave; (2)
left extremities irregular and unstable o thythm at the left
apex and occipital area, poor amplitude
‘modulation, and partial a thythm frequency
slowed to 8 Hz; (3) sleep cycle staging was
not abvious; (4) a paroxysmal tip-slow
integrated wave group present in the central
area in the midline; and (5) altered
frequency of the spine-slow integrated wave
in the right forehead, frontal, forehead, and
midline areas
7(7) | NCSE, consciousness Unknown onset nonmotor  Phenytoin Consciousness cleared,  Generalized bilateral high amplitude
disorder, no motor signs seizure symptoms improved, but  periodic delta waves and sharp waves at

died 2years later dueto | 0.5-1s intervals

inhalation pneumonia

8(5)  Unconscious chewing, Focal onset impaired Levetiracetam; Valproic  Symptom control but Moderate abnormality, with generalized
pouting, and other awareness motor seizure  acid sodium memory decline bilateral sharp waves and slow waves mainly
movement, consciousness | (automatism seizure) in the posterior head, no o thythm present
disorder

9(40) Limb convulsions, Generalized onset motor None NA None
consciousness disorder seizure

10 (54) NA NA NA NA NA

11() | Episodic hemiplegiaand | Focal onset impaired Phenytoin; Consciousness level Suppressed activity but no epileptic
consciousness disorder, no | awareness motor seizure  Carbamazepine; improved, no major discharge i the left hemisphere
convulsion Levetiracetam episodes for 1year and

4months after taking

levetiracetam

12(30) A transient episodic Focal onset aware motor  Rehydration, and Symptoms improvedand  None
convulsion and alleviated  seizure nutritional support condition stabilized
after 205, no consciousness therapy
disorder

13(35) NA NA NA NA NA

14 (35) NA NA NA NA NA

15 (35) NA NA NA NA NA

16()  Suddenloss of Focal onset impaired Levetiracetam Symptoms improved ‘The first interictal EEG showed a right
consciousness, no awareness nonmotor mid-temporal spike; the second EEG
convulsion seizure showed sharp waves in the left central

electrodes

17(6) | Limb convulsions, Generalized onset motor | Diazepam; Symptoms improved and  Generalized spikes, sharp waves, and slow

consciousness disorder, CSE | seizure (tonic clonic Carbamazepine; condition stabilized waves in both frontal and left parietal lobes.
seizure) Phenytoin

18(28)  Behavioral abnormalities, Focal onset impaired Levetiracetam Symptoms improved, no  Left posterior area spike wave/bilateral

mild consciousness awareness nonmotor recurrence within frontal area intermiltent triangular wave

mpairment, no convulsion | seizure 8months

1904 NA NA NA NA ‘Widely intermittent complex slow wave,
frequent sharp slow complex wave, and

three-phase sharp wave in the right

posterior head
20(24) | NA NA NA NA Boundary EEG
21(23) | Limb convulsions, episodic  Generalized onset motor | Levetiracetam; Epilepsy symptom control | Epileptiform discharge on the left and right
consciousness disorder seizure (tonic clonic Oxcarbazepine; but persisting speech and  forehead, diffuse slow wave, with alternating
seizure) Magnesium valproate;  behavior abnormalities  dominance between the left and right
Phenobarbital frontal regions, and no sleep physiological

waves observed

CSE, convulsive status epilepticus; EEG, electroencephalogram; NCSE, non-convulsive status epilepticus.
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Individual

Onsetage 25 35 n 8 13 8 59 62 66 67 N 8 52 70 70 76 63 18 60 55
Sex (Female/male) M F F M F M F F M F M M F M M F M F M M F
Disease duration (years) 2 325 10 14 7 2 4 5™ M 20 4 4M 3 3 M 2 3M O 05M 12 2 M
Family history + - + NA  NA + + NA NA - - - - + - - + + - - +

Clinical manifestation

Central nervous system

Fever - - - - - - - + - - + + - - - - + - + - -
Headache - - - - - e | - - - - + - - N + - - - R -
Dizziness = - = = = = W + = = - - + + - - - - - - -
Cognitive dysfunction - + - + + + + + 4% - + + = + + + + - + + -
Mental and behavioral - - + + + - - + + - - + - - + - - 4 + - i
abnormalities

Aphasia + - - - - + - + + - + - - - N - - - = - +

Paroxysmal encephalopathy

Consciousness disorder + + - - - + + + + - + + = = = + + + = = +
Seizure + + + + + + +* + + + + + + e a e + + + +
Encephalitic episodes - - - - - - - e - - - + - = = - + - - = =
Stroke-like episodes - - - - - + - - - - PO - - N - - - = = = =
Sensory disturbance - + - - - + + - - + + - + - N - - - = - -
Muscle weakness - + + - - + - - - + + - - - - - + - - + -
Dystonia + . + PO - - + - - = = = = = - = . = . _
Ataxia 4 + + = + = = = = = - + + - - . - - = - -
Tremor + - + + + E = E - + = - - - - + - = + = =

Peripheral nervous system
Vision disorder + - + - - + - + - - + - + + - = - - - - -
Polyneuropathy - + - - - - - B = - - = - - - - - - - . _

Autonomic nervous system

Vomiting - - - - - + + - - - - + + - - - N = = = =
Bladder dysfunction + - - - - - + + - + - - - - + - - - = - =
Miosis - - - - - - - - - + - + - - - - + + - = -
Syncope - . - - - - N = = = - = = - = = = = = N -

NIID, neuronal intranuclear inclusion disease. - negative; + positive; NA, not available. *Indicating the main symptom of patients. 'Indicating the initial symptom of patients.
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signals
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Nerve conduction
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Intranuclear

Inclusions

GGC repeat size

MRI, magnetic resonance imaging; T2WI, T2-weighted images; FLAIR, fluid attenuated inversion recovery; DWI, diffusion- weighted imaging; MCV, motor nerve conduction veloci
sensory nerve conduction velocity; FAB, Frontal Assessment Battery; MMSE, Mini-mental State Examination, MoCA, Montreal Cognitive Assessment; HAMA, Hamilton Anxiety Scale;
HAMD, Hamilton Depression Scale; CK, creatine kinase; CSF cerebrospinal fluid. - negative; + positive; NA, not available.

NA

NA

NA
NA
NA
NA
NA

NA

NA

NA
NA

NA

NA

NA

NA
NA
NA
NA
NA

NA
NA

NA

NA

NA
NA

NA

NA

NA

NA
NA
NA
NA
NA

161

NA
NA

NA
NA

NA
NA
NA
NA

NA
NA
NA
NA
NA

NA

NA
NA
NA
NA
NA

NA

NA
NA
NA
NA
NA

NA

NA
NA
NA
NA

NA
2

21

NA

866

NA NA NA NA NA NA NA NA

NA
NA
NA
NA
NA

NA
NA

NA

NA

NA

54

107.8

NA

10 11 12 13 14 15 16

NA
NA
NA
NA
NA

NA
NA

NA

NA

NA

NA
NA

NA

25
NA
NA
NA

209

NA

NA
NA
NA
NA
NA

NA

NA

NA

720

72

NA
NA
NA
NA
NA

NA

520
NA
NA

134

NA
NA
NA
NA
NA

NA

NA
NA
NA
NA

97

NA
NA
NA
NA
NA

NA
NA

NA

NA
NA

81

P
P
] -
|+ -
18 NA I8
29 NA 25
NA NA  NA
NA NA  NA
NA NA  NA
—Inal -
+  NA -
NA NA  NA
2 [ NA| -

491 840 -
NA 80 -
NA NA | -
N
NA NA  NA

NA
NA
NA
NA
NA

NA

470

13

NA
NA
NA
NA
NA

NA

128

17 | 18'| 19/| 20| 21

NA
NA
NA
NA
NA

NA
NA

NA

NA
NA
NA
NA






OPS/images/fneur-15-1387399-t004.jpg
Seizure types (%) Total patient (n = 13) Infantile and juvenile form Adult form (n =9)

(n=4)

Focal onset impaired awareness motor seizure 3(23.08) 1(25.00) 2(2222)
Focal onset impaired awareness nonmotor

2(1538) 0(0.00) 2(2222)
seizure
Focal onset aware motor seizure 2(1538) 1/(25.00) 1(1L11)
Generalized onset motor seizure 6(46.15) 3(75.00) 3(3333)
Generalized onset nonmotor seizure 1(7.69) 1(25.00) 0(0.00)

Unknown onset nonmotor seizure 1(7.69) 0(0.00) 1Ly





OPS/images/fneur-15-1387399-t005.jpg
%) Infantile and juvel Adult form (n
(n=6)
Death 4(66.67) 101250) 0091
Symptoms improved 0(0.00) 7(87.50) 0010¢

*p<0.05.





OPS/images/fneur-15-1387399-g001.jpg
Identification

Screening

Eligibili

Included

Records identified  through

database searching (n=324)

Records after duplicates removed
(n=256)

Full-text articles assessed

for cligibility (n=43)

Studies included in

qualitative analysis
(n=18)

Records excluded (n=211)

Reasons for exclusion:

* No seizures

* Seizures due to other diseases
+ Inability to obtain full text

Full-text articles excluded (n=27)
Reasons for exclusion:

- Comments
+ Consensus statements
- Incomplete data





OPS/images/fneur-15-1387399-g002.jpg
Number of cases

80.00%

33.33% 33.33%

Symptoms

A: Cognitive dysfunction

B: Consciousness disorder

C: Mental and behavioral abnormalities
D: Headache

Fever





