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Case Report

Adult Case of Pontocerebellar Hypoplasia without the Claustrum
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Abstract: We describe the case of a 63-year-old man with pontocerebellar hypoplasia without the
claustrum (CL). The patient had a history of cerebral palsy, intelligent disability, cerebellar atrophy,
and seizures since birth. At age 61, brain computed tomography (CT) revealed significant cerebellar
and brainstem atrophy. At age 63, he was admitted to our hospital for aspiration pneumonia.
Although he was treated with medications, including antibiotics, he died one month after admission.
The autopsy revealed a total brain weight of 815 g, with the small-sized frontal lobe, cerebellum,
and pons. The cross-section of the fourth ventricle had a slit-like appearance, rather than the typical
diamond shape. In addition, bilateral CLs were not observed. Apart from CL, no other missing
brain tissue or cells could be identified. Microscopic examinations disclosed neurofibrillary tangles
in the hippocampus but not in the cortex; however, neither senile plaques nor Lewy bodies were
detected. No acquired lesions, including cerebral infarction, hemorrhage, or necrosis, were noted.
We pathologically diagnosed the patient with pontocerebellar hypoplasia without CL. As there have
been no prior reports of pontocerebellar hypoplasia lacking CL in adults, this case may represent a
new subtype. Congenital CL deficiency is likely associated with abnormalities in brain development.
CL may play a role in seizure activity, and the loss of bilateral CLs does not necessarily result in
immediate death. Further studies are needed to clarify the functions of CL.
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1. Introduction

The claustrum (CL) is a thin layer of neurons and glial cells that connects with the
cerebral cortex and various subcortical regions, including the amygdala, hippocampus, and
thalamus [1,2]. It is situated between the insular cortex on the lateral side and the putamen
on the medial side, and is enclosed by the extreme and external capsules, respectively [2].
CL is found in all mammalian species, from insectivores to humans, although its exact
shape and some of its connections seem to vary across different species [3]. It is a very
small tissue—in humans, its volume is only 0.4 percent of the cerebral cortex—but it is
interconnected with many different areas of the cortex [3,4]. It has been reported that CL
has reciprocal connections with both allo- and neocortical regions, including the frontal,
premotor, ventral anterior cingulate, hippocampus, and entorhinal cortex, as well as the
temporal, occipital, sensory, and motor areas [4]. Additionally, it connects with subcortical
structures such as the thalamus, basal ganglia, caudate nucleus, putamen, globus pallidus,
and lateral amygdala [4]. It is evident that CL sits at the intersection of numerous simple
loops with the cortex [5]. The function of CL is not fully elucidated, but it has been reported
that CL may related to schizophrenia [6], epilepsy [4,7], consciousness [8,9], parkinson-
ism [10], and stress/anxiety [11]. In this report, we describe a case of pontocerebellar
hypoplasia with congenital CL deficiency who survived into his sixth decade.
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2. Case Presentation

This study was conducted in accordance with the Declaration of Helsinki. The patient’s
family provided informed consent for all study procedures, post-mortem pathological
examinations, and publication of this case report. This study was approved by the Ethical
Review Committee of Nittazuka Medical Welfare Center (approval no. 2024-34).

The patient was a 61-year-old man, who was a long-term resident of a facility for
disabled individuals, who visited our hospital for swallowing evaluation. His medical
history included cerebral palsy, intelligent disability, cerebellar atrophy, and seizures since
birth, as well as gastroesophageal reflux disease and a hiatal hernia diagnosed at age 51.
However, detailed medical records were unavailable, including information regarding
the etiology of his cerebral palsy and seizures. He was treated with a total of nine medi-
cations, including valproic acid (800 mg/day), levetiracetam (2000 mg/day), phenytoin
(200 mg/day), levocarnitine, intestinal regulators, antacids, laxatives, and expectorants.
Neurological examinations revealed that the patient was conscious but frequently shouted
incoherently and produced groaning sounds, making it difficult to follow instructions.
There were no restrictions in eye movement, but mouth opening was limited to a width
of 2.5 finger-breadths. The swallowing reflex was impaired, and although tongue muscle
strength was unknown, spontaneous tongue movement was observed. The patient had
severe limb joint contractures, an athetoid posture in the left hand, spasticity and rigidity
in all four extremities, and was able to stand and walk with assistance. Brain computed
tomography (CT) revealed moderate atrophy in the cerebellum and brainstem, while the
cerebral hemispheres were relatively spared except for the frontal lobes (Figure 1). He
was assessed as being able to tolerate oral intake with a gelatin diet based on a fiberoptic
endoscopic evaluation and a videofluoroscopic examination of swallowing. At age 63, he
developed a fever and nausea and was transported to our hospital. On admission, his vital
signs were recorded as a body temperature of 39.1 °C, blood pressure of 74/44 mmHg,
pulse rate of 72 beats per minute, and transcutaneous oxygen saturation (SpO,) of 86% on
room air. Blood tests revealed an elevated white blood cell count of 12,600/ uL (reference
range: 3300-8600), a neutrophil percentage of 90.2% (reference range: 40.0-70.0), and a
C-reactive protein level of 2.68 mg/dL. Chest CT showed bilateral pneumonia in addition
to a severe sliding hiatal hernia (Figure 2). He was diagnosed with severe pneumonia and
treated with antibiotics (ampicillin/sulbactam 9 g/day). Despite receiving appropriate
medical treatment, he died on day 30 after admission. Postmortem brain CT imaging
revealed significant cerebellar and brainstem atrophy, while the cerebral hemispheres were
relatively spared (Figure 3). His family consented to an autopsy, which was performed im-
mediately after his death. The autopsy revealed a total brain weight of 815 g, with atrophy
or hypoplasia in the frontal lobe, cerebellum, and pons (Figure 4). The cross-section of the
fourth ventricle did not display the characteristic diamond shape but instead had a slit-like
appearance. Microscopically, no necrosis or degeneration was observed in the cerebellum
and pons. The small size of the cerebellum and pons suggested congenital pontocerebellar
hypoplasia. Additionally, the bilateral CLs were completely absent (Figure 5). Apart from
the CL, no other missing brain tissue or cells could be identified. Moreover, microscopic
examination showed neurofibrillary tangles in the hippocampus but not in the cortex
(Figure 6). Neither senile plaques nor Lewy bodies were detected. No acquired lesions,
including cerebral infarction, hemorrhage, or necrosis, were noted. We pathologically
diagnosed the patient with pontocerebellar hypoplasia without CL. We were unable to
perform any genetic tests, including next-generation sequencing (NGS).
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Figure 1. Brain computed tomography (CT) results at age 61. Brain CT showing mild frontal
lobe atrophy (green arrows) and marked atrophy of the cerebellum (blue arrows) and brainstem
(yellow arrowheads).

Figure 2. Chest CT results on admission. Chest CT showing diffuse infiltrates in both lungs (red
arrows) and a severe sliding hiatal hernia (green arrows).
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Figure 3. Autopsy imaging from brain CT at age 63. Autopsy brain CT showing marked atrophy
of the cerebellum (blue arrows) and brainstem (yellow arrowheads), with no significant changes
compared to the CT results from two years earlier.

Figure 4. Autopsy findings of the brain. (A) Macroscopically, the whole brain appears reduced in size,
with particularly noticeable hypoplasia in the frontal lobe (white arrows), cerebellum (black arrows),
and pons (asterisk). (B,C) Cut surfaces of the cerebellum and pons. The cerebellar hemispheres (white
arrows) and pons (asterisk) show hypoplasia. The shape of the 4th ventricle between the cerebellum
and pons is abnormal. Scale: 5 cm.
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Figure 5. Claustrum aplasia. (A) Coronary sections of the cerebrum at the plain through mammillary
body (lower) and the plane 7 mm forward (top). Both planes show complete aplasia of bilateral
claustrum in the fused external and extreme capsules (white arrows). (B) Kltiver—Barrera staining of
the thin section shows no gray matter between cortices of the insula (asterisk) and putamen (double
asterisk). White scale: 5 cm. Black scale: 1 cm.
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Figure 6. Microscopic findings in the hippocampus with Gallyas-Braak stain. A few neurofibrillary
tangles (NFTs) were noted in the hippocampus (red arrows). NFTs were not observed in the cortex.
3. Discussion

We describe an adult case of pontocerebellar hypoplasia without CL. The patient
had cerebral palsy, epilepsy, cerebellar atrophy, and intelligent disability since birth, and
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lived to the age of 63. Autopsy findings revealed CL deficiency and small-sized pons and
cerebellum, but no acquired lesions including stroke or necrosis.

The development process of the CL has been elucidated in animal models [12]. Dur-
ing development, the group of neurons that form the CL originates deep in the brain,
migrates radially outward to the surface, and then migrates inward and sits in the nor-
mal position [12]. Additionally, it has been shown that certain genetic abnormalities,
including Reelin mutations or knockout of Apoer2, can cause malpositioning of CL neu-
rons [12]. Thus, certain congenital anomalies may lead to the malpositioning or absence
of the CL. Pontocerebellar hypoplasia (PCH), a congenital anomaly, can lead to severe
motor and cognitive deficits from birth, potentially sharing mechanistic pathways with
acquired dysfunctions, such as those observed in the Guillain-Mollaret triangle, where
motor coordination is impaired due to damage to the dentato-rubro-olivary pathway [13].
Additionally, cerebellar and brainstem atrophy in adults can be associated with acquired
conditions, including spinocerebellar degeneration (SCD). Differentiation from SCD was
necessary in this case. Histopathological analysis in SCD reveals a marked loss of neurons,
predominantly Purkinje cells in the cerebellum, as well as in other regions of the central
nervous system, including the pons, spinal cord, vermis, dentate nucleus, and medulla [14].
As there was no neuronal loss, including Purkinje cells, and no other acquired lesions
identified in our case, the findings suggest a congenital origin. Furthermore, the absence of
CL can be seen in developmental abnormalities [12], suggesting that our case is likely due
to a congenital anomaly.

To the best of our knowledge, only eight autopsy cases of congenital CL deficit have
been reported, and we summarized their clinicopathological findings in Table 1 [15-19].
The clinical diagnoses include arthrogryposis multiplex congenita [15], pontocerebellar
hypoplasia [16], and lissencephaly (with muscular dystrophy) [17-19]. All eight previously
reported cases had some brain malformations, and died at an early age, at ages between
4 days and 16 months. In all cases, the CL was completely absent, although one case had a
rudimentary claustrum [15]. Many cases have muscular disorders, respiratory failure, and
physical deformity. In five out of nine cases including our case, seizure developed [16,17].
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Table 1. Summary of the clinicopathological features of cases without CL congenitally.
. Premature . .. .
Patient Gender : Malformation by Clinical The Cause of Age of Brain
(No.) Ref (M/F) (B\;/rl&}; Symptoms by Nature Nature Diagnosis Death Death Malformation CL
micrognathos, bilateral
equino-varus ) urulent bronchitis Absent, but a
cyanosis and abnormal deformities of the feet, arthrogryposis p . claustral
1 [15] F N respiration whilst the hands were multiplex congenita and bronchopneu- 16 months cerebral malformation rudiment lay
flexed and held in ulnar moma was noted
deviation
) ) small neocerebellar hemispheres,
respiratory failure, no severe reduction in the status epilepticus volumetric reduction in the
5 16 E N suction reflex, increasing cerebral volume and pontocerebellar led toi pliep bl 54 cerebral cortex and white matter Absent
[16] generalized hypertonia much widened hypoplasia € dto 1tr1tra§ta € ays (pallium), thickened the meninges, Sen
and seizures subarachnoidal spaces esaturation small and simplified cortical
convolutions
no suction reflex, .
difficulty of oral feeding, o small neocerebellar hemispheres,
tonic seizures, apnea, severg relducltlon m t(}im ) bell V(l))lml'ﬂeffic redléCtI%I}tln th?t
: cerebral volume an pontocerebellar . cerebral cortex and white matter
3 [16] F N (bsr2a ?;21;32223 much widened hypoplasia convulsions 22 days (pallium), thickened the meninges, Absent
3 g subarachnoidal spaces small and simplified cortical
exaggerated startle .
response (hyperacousis) convolutions
4 [17] F N.D. selzure anlcilrﬂgg ertonia of N.D. lissencephaly, type I infection mg{fhs microcephalic and agyria Absent
growth deficiency, severe . . Miller-Dicker . .
5 [17] F N psychomotor retardation mlcr(()icephaly apd facial syndrome, acute biventricular 9 months microcephalic and agyria Absent
. ysmorphism : heart failure
followed by seizure lissencephaly, type I
agyria, polymicrogyria,
severe muscular muscular dystrophy, cerebral pachygyria, absent of cerebral
6 [17,18] F N hypotonia N.D. lissencephaly, type I dysregulation 9 months peduncles, Dandy-Walker Absent
malformation
argyria, polymicrogyria,
o | e dvstronh pachygyria, ;bslencs of ollfacto;y
severe asphyxia, muscular muscular dystrophy, . nerve, cerebral peduncles an
7 (17,191 M N hypotonia, poor sucking N-D. lissencephaly, type II bronchopneumonia 14 months inferior vermis, hypoplasia of the Absent
superior cerebellar vermis,
Dandy-Walker malformation
asphyxia and . . .
hydrocephalus, with little cerebral pacig}érlfi,ap(;Lysr:rllirgfgcyeil;;ral
8 [17] F sggg;arr;cc)gz Irlnt(())ti;ati);1 ?Sld N.D. lissencephaly, type II dysregulation 4 days pec{ur}:cleé, Dandy-Walker Absent
L Iformation
stimuli ma
This intelligent disability and cerebral palsy, aspiration atrophy of the frontal lobe,
9 report M N.D. seizures cerebellar atrophy cerebellar atrophy pneumonia 63 years cerebellum and pons Absent
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Since all of these cases had some form of brain malformation, it is possible that normal
CL formation was disrupted by the presence of these malformations. The cases we reviewed
included lissencephaly, a condition potentially associated with abnormalities in the Reelin
protein [20]. Reelin, encoded by the Reelin gene, is involved in proper CL positioning [12].
CL deficiency has been reported as a common finding in lissencephaly [17,21]. In contrast,
CL deficiency is unusual in pontocerebellar hypoplasia, which is a unique feature in
our case [16]. Only one report has described the absence of the CL in pontocerebellar
hypoplasia, but in that case, two siblings died within a few days [16]. Because there have
been no reports of adult cases of pontocerebellar hypoplasia without CL, our case appears
to represent a new subtype of pontocerebellar hypoplasia. Although the previous report,
like our case, did not include genetic testing, the authors found that Pax6sey/Pax6sey
mutant mice can develop developmental anomalies involving both cerebellar and cerebral
malformations [16,22,23]. While it cannot be determined with certainty that this gene is
the cause, it is possible that a genetic background distinct from lissencephaly may have
contributed to the development of pontocerebellar hypoplasia lacking the CL.

Epilepsy is also believed to be linked to the CL [4,7], and many studies for its potential
role in seizures and awareness have been conducted previously. Although its precise
functions remain unclear, the CL is hypothesized to synchronize electrical activity across
different brain regions, which may contribute to consciousness [2,4,24]. Studies using elec-
troencephalogram (EEG) and functional magnetic resonance imaging (fMRI) have shown
increased brain activity in the CL during interictal epileptiform discharges in patients
with epilepsy, suggesting a possible involvement in seizure dynamics [25-28]. Electrical
stimulation of the CL in animals and humans has demonstrated altered awareness, includ-
ing unresponsiveness and memory lapses, further supporting its role in seizures [29,30].
Clinical observations also show transient CL changes in patients experiencing status epilep-
ticus and focal seizures [4]. It has been reported that several cases had reversible MRI
abnormalities in the CL during acute seizures [31], indicating a potential link between
CL and seizure manifestations. Furthermore, kindling models and experimental studies
have implicated the CL in seizure initiation and propagation [4,32-35], with some evidence
suggesting that CL involvement may contribute to impaired consciousness during seizures.
Although there is evidence linking various seizures with the CL, it is unclear whether
epilepsy is solely associated with CL deficiency, because congenital CL deficiency often
occurs concomitantly with brain malformations.

All previously reported cases we summarized resulted in death at a young age. Apart
from the cases of congenital bilateral CL deficiency, we identified three previously re-
ported cases of acquired bilateral CL involvement. Ishii et al. reported a case of bilateral
CL involvement caused by mumps virus encephalitis [36]. The patient experienced en-
cephalitic symptoms, including fever, headache, psychological disturbances, and seizures.
T2-weighted brain MRI revealed reversible hyperintensities in the bilateral CLs. The pa-
tient was successfully treated with antiepileptic drugs and major tranquilizers. Similarly,
Sperner et al. reported a case of bilateral CL involvement due to non-viral encephalopa-
thy [37]. The patient developed status epilepticus, behavioral symptoms of psychosis, and
severe cognitive impairment following two weeks of headaches, dizziness, fatigue, and low-
grade fevers up to 38 °C. T2-weighted brain MRI also revealed reversible hyperintensities
in the bilateral CLs. The patient was treated with acyclovir, antibiotics, and dexamethasone,
and all symptoms resolved. Matsuzono et al. reported a case of bilateral CL involvement
due to anti-glutamic acid receptor (anti-GluR) antibody-positive encephalitis [38]. The
patient presented with altered consciousness, myoclonus, and parkinsonism, following
arthralgia in both distal interphalangeal joints, hearing loss and tinnitus in the left ear,
and gait disturbance. T2-weighted fluid-attenuated inversion recovery (FLAIR) magnetic
resonance imaging (MRI) revealed reversible hyperintensities in the bilateral CLs, medial
aspects of the anterior lobe, and periventricular lesions. The patient was treated with
oral prednisolone, plasma exchange therapy, and methylprednisolone pulse therapy, and
was able to return home with restored consciousness and preserved cognitive function.
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Although bilateral CL lesions were transient in all three cases, the prognosis was good in
all cases. In addition, the fact that our patient survived into his 60s suggests that bilateral
CL deficiency is not associated with immediate death.

There are two major limitations in this report. The first is that genetic testing was not
conducted. Although we suspected a new type of pontocerebellar hypoplasia, a genetic
diagnosis was not possible. Had genetic testing, such as NGS, been performed, it could
have provided more compelling insights. The second limitation is that much of the patient’s
medical history and brain imaging, particularly brain MRI, was unavailable. The lack of
information from birth made it difficult to fully compare this case with other reported cases.
After examining the pathological findings, we suspected that the patient had a congenital
CL deficiency, but we were unable to review previous images. If this information had been
more comprehensive, the presentation would have been even more compelling.

4. Conclusions

As there have been no prior reports of pontocerebellar hypoplasia lacking CL in adults,
this case may represent a new subtype. Based on previous reports, congenital CL deficiency
is likely associated with abnormalities in brain development. The CL may play a role in
seizure activity. While earlier cases of pontocerebellar hypoplasia with CL deficiency have
shown that patients typically died shortly after birth, this patient survived to an advanced
age, indicating that the loss of the bilateral CLs does not necessarily result in immediate
death. This report may contribute new insights into the function of the CL and the effects
of CL deficiency. Further studies are needed to clarify the functions of the CL.

Author Contributions: Conceptualization, K.H. and E.K. methodology, K.H. and S.M.; validation,
KH.,SM, EK, AS, YN, MS. and YK, formal analysis, K.H. and S.M.; investigation, K.H., S.M.,
EXK., AS., YN, MS. and Y.K,; resources, E.K.; data curation, KH.,S.M., EK,, AS., Y.YN.,, M.S. and YK,;
writing—original draft preparation, K.H. and S.M.; writing—review and editing, KH., SM., EK,,
AS.,, YN, MS. and YK,; visualization, K.H., S M., EK., AS., YN., M.S. and Y.K.; supervision, M.S.
and Y.K,; project administration, Y.K.; funding acquisition, Y.K. All authors have read and agreed to
the published version of the manuscript.

Funding: The authors have no financial relationship with the company manufacturing any of the
products or equipment discussed in this manuscript.

Institutional Review Board Statement: This study was conducted in accordance with the Declaration
of Helsinki. The patient’s family provided informed consent for all study procedures, post-mortem
pathological examinations, and publication of this case report. This study was approved by the
Ethical Review Committee of Nittazuka Medical Welfare Center (approval no. 2024-34).

Informed Consent Statement: This study was conducted in accordance with the Declaration of
Helsinki. The patient’s family provided informed consent for publication of this case report.

Data Availability Statement: The original contributions presented in the study are included in the
article, further inquiries can be directed to the corresponding author.

Conflicts of Interest: The authors declare no conflicts of interest.

1. Narikiyo, K.; Mizuguchi, R.; Ajima, A.; Shiozaki, M.; Hamanaka, H.; Johansen, J.P.; Mori, K.; Yoshihara, Y. The claustrum
coordinates cortical slow-wave activity. Nat. Neurosci. 2020, 23, 741-753. [CrossRef] [PubMed]

2. Crick, EC.; Koch, C. What is the function of the claustrum? Philos. Trans. R. Soc. B Biol. Sci. 2005, 360, 1271-1279. [CrossRef]

3.  Kowianski, P.; Dziewiatkowski, J.; Kowianska, J.; Morys, J. Comparative anatomy of the claustrum in selected species: A
morphometric analysis. Brain Behav. Evol. 1999, 53, 44-54. [CrossRef]

4. Kurada, L.; Bayat, A.; Joshi, S.; Koubeissi, M.Z. The Claustrum in Relation to Seizures and Electrical Stimulation. Front. Neuroanat.

2019, 13, 8. [CrossRef]

5. Atlan, G.; Matosevich, N.; Peretz-Rivlin, N.; Marsh-Yvgi, I.; Zelinger, N.; Chen, E.; Kleinman, T.; Bleistein, N.; Sheinbach, E.;
Groysman, M; et al. Claustrum neurons projecting to the anterior cingulate restrict engagement during sleep and behavior. Nat.
Commun. 2024, 15, 5415. [CrossRef]


https://doi.org/10.1038/s41593-020-0625-7
https://www.ncbi.nlm.nih.gov/pubmed/32393895
https://doi.org/10.1098/rstb.2005.1661
https://doi.org/10.1159/000006581
https://doi.org/10.3389/fnana.2019.00008
https://doi.org/10.1038/s41467-024-48829-6

Neurol. Int. 2024, 16 1141

10.

11.

12.

13.

14.

15.

16.

17.
18.

19.

20.

21.
22.

23.

24.

25.

26.

27.

28.
29.

30.

31.

32.

33.

34.

35.

36.

Cascella, N.G.; Gerner, G.J.; Fieldstone, S.C.; Sawa, A.; Schretlen, D.J. The insula-claustrum region and delusions in schizophrenia.
Schizophr. Res. 2011, 133, 77-81. [CrossRef]

Bai, L.; Di, W.; Xu, Z,; Liu, B.; Lin, N.; Fan, S.; Ren, H.; Lu, Q.; Wang, ].; Guan, H.; et al. Febrile infection-related epilepsy syndrome
with claustrum lesion: An underdiagnosed inflammatory encephalopathy. Neurol. Sci. 2024, 45, 3411-3419. [CrossRef]

Chau, A.; Salazar, A.M.; Krueger, F.; Cristofori, I.; Grafman, J. The effect of claustrum lesions on human consciousness and
recovery of function. Conscious. Cogn. 2015, 36, 256-264. [CrossRef]

Goll, Y.; Atlan, G.; Citri, A. Attention: The claustrum. Trends Neurosci. 2015, 38, 486—495. [CrossRef]

Joutsa, J.; Horn, A.; Hsu, J.; Fox, M.D. Localizing parkinsonism based on focal brain lesions. Brain 2018, 141, 2445-2456. [CrossRef]
Niu, M.; Kasai, A.; Tanuma, M.; Seiriki, K.; Igarashi, H.; Kuwaki, T.; Nagayasu, K.; Miyaji, K.; Ueno, H.; Tanabe, W.; et al.
Claustrum mediates bidirectional and reversible control of stress-induced anxiety responses. Sci. Adv. 2022, 8, eabi6375.
[CrossRef] [PubMed]

Oshima, K.; Yoshinaga, S.; Kitazawa, A.; Hirota, Y.; Nakajima, K.; Kubo, K.I. A Unique “Reversed” Migration of Neurons in the
Developing Claustrum. J. Neurosci. 2023, 43, 693-708. [CrossRef]

Ogut, E.; Armagan, K.; Tufekci, D. The Guillain-Mollaret triangle: A key player in motor coordination and control with
implications for neurological disorders. Neurosurg. Rev. 2023, 46, 181. [CrossRef] [PubMed]

Bhandari, J.; Thada, PXK.; Samanta, D. Spinocerebellar Ataxia; [Updated 15 September 2023]; StatPearls Publishing: Treasure Island,
FL, USA, 2024. Available online: https://www.ncbinlm.nih.gov/books/NBK557816/ (accessed on 26 September 2024).
Dodgson, M.C. A congenital malformation of insular cortex in man, involving the claustrum and certain subcortical centers.
J. Comp. Neurol. 1955, 102, 341-364. [CrossRef]

Leroy, J.G.; Lyon, G.; Fallet, C.; Amiel, J.; De Praeter, C.; Van Den Broecke, C.; Vanhaesebrouck, P. Congenital pontocerebellar
atrophy and telencephalic defects in three siblings: A new subtype. Acta Neuropathol. 2007, 114, 387-399. [CrossRef]
Kuchelmeister, K.; Bergmann, M.; Gullotta, F. Neuropathology of lissencephalies. Childs Nerv. Syst. 1993, 9, 394-399. [CrossRef]
Korinthenberg, R.; Palm, D.; Schlake, W.; Klein, J. Congenital muscular dystrophy, brain malformation and ocular problems
(muscle, eye and brain disease) in two German families. Eur. ]. Pediatr. 1984, 142, 64-68. [CrossRef]

Pavone, L.; Gullotta, F.; Grasso, S.; Vannucchi, C. Hydrocephalus, lissencephaly, ocular abnormalities and congenital muscular
dystrophy: A Warburg syndrome variant? Neuropediatrics 1986, 17, 206-211. [CrossRef]

Fatemi, S.H. Reelin mutations in mouse and man: From reeler mouse to schizophrenia, mood disorders, autism and lissencephaly.
Mol. Psychiatry 2001, 6, 129-133. [CrossRef]

Krawinkel, M.; Steen, H.J.; Terwey, B. Magnetic resonance imaging in lissencephaly. Eur. ]. Pediatr. 1987, 146, 205-208. [CrossRef]
Engelkamp, D.; Rashbass, P.; Seawright, A.; van Heyningen, V. Role of Pax6 in development of the cerebellar system. Development
1999, 126, 3585-3596. [CrossRef]

Stoykova, A.; Treichel, D.; Hallonet, M.; Gruss, P. Pax6 modulates the dorsoventral patterning of the mammalian telencephalon.
J. Neurosci. 2000, 20, 8042-8050. [CrossRef] [PubMed]

Reardon, S. A giant neuron found wrapped around entire mouse brain. Nature 2017, 543, 14-15. [CrossRef]

Laufs, H.; Richardson, M.P.; Salek-Haddadi, A.; Vollmar, C.; Duncan, J.S.; Gale, K.; Lemieux, L.; Loscher, W.; Koepp, M.J.
Converging PET and fMRI evidence for a common area involved in human focal epilepsies. Neurology 2011, 77, 904-910.
[CrossRef]

Fahoum, F.; Lopes, R.; Pittau, F; Dubeau, F.; Gotman, ]J. Widespread epileptic networks in focal epilepsies: EEG-fMRI study.
Epilepsia 2012, 53, 1618-1627. [CrossRef]

Flanagan, D.; Badawy, R.A.; Jackson, G.D. EEG-fMRI in focal epilepsy: Local activation and regional networks. Clin. Neurophysiol.
2014, 125, 21-31. [CrossRef]

Vaughan, D.N.; Jackson, G.D. The piriform cortex and human focal epilepsy. Front. Neurol. 2014, 5, 259. [CrossRef]

Smith, ].B.; Liang, Z.; Watson, G.D.R.; Alloway, K.D.; Zhang, N. Interhemispheric resting-state functional connectivity of the
claustrum in the awake and anesthetized states. Brain Struct. Funct. 2017, 222, 2041-2058. [CrossRef]

Koubeissi, M.Z.; Bartolomei, F.; Beltagy, A.; Picard, F. Electrical stimulation of a small brain area reversibly disrupts consciousness.
Epilepsy Behav. 2014, 37, 32-35. [CrossRef]

Meletti, S.; Slonkova, ].; Mareckova, I.; Monti, G.; Specchio, N.; Hon, P.; Giovannini, G.; Marcian, V.; Chiari, A.; Krupa, P.; et al.
Claustrum damage and refractory status epilepticus following febrile illness. Neurology 2015, 85, 1224-1232. [CrossRef]

Wada, J.A.; Tsuchimochi, H. Role of the claustrum in convulsive evolution of visual afferent and partial nonconvulsive seizure in
primates. Epilepsia 1997, 38, 897-906. [CrossRef] [PubMed]

Mohapel, P.; Zhang, X.; Gillespie, G.W.; Chlan-Fourney, J.; Hannesson, D.K.; Corley, S.M.; Li, X.-M.; Corcoran, M.E. Kindling
of claustrum and insular cortex: Comparison to perirhinal cortex in the rat. Eur. J. Neurosci. 2001, 13, 1501-1519. [CrossRef]
[PubMed]

Zhang, X.; Hannesson, D.K.; Saucier, D.M.; Wallace, A.E.; Howland, J.; Corcoran, M.E. Susceptibility to kindling and neuronal
connections of the anterior claustrum. J. Neurosci. 2001, 21, 3674-3687. [CrossRef]

Sheerin, A.H.; Nylen, K.; Zhang, X.; Saucier, D.M.; Corcoran, M.E. Further evidence for a role of the anterior claustrum in
epileptogenesis. Neuroscience 2004, 125, 57-62. [CrossRef]

Ishii, K.; Tsuji, H.; Tamaoka, A. Mumps virus encephalitis with symmetric claustrum lesions. AJNR Am. ]. Neuroradiol. 2011,
32, E139. [CrossRef]


https://doi.org/10.1016/j.schres.2011.08.004
https://doi.org/10.1007/s10072-024-07363-5
https://doi.org/10.1016/j.concog.2015.06.017
https://doi.org/10.1016/j.tins.2015.05.006
https://doi.org/10.1093/brain/awy161
https://doi.org/10.1126/sciadv.abi6375
https://www.ncbi.nlm.nih.gov/pubmed/35302853
https://doi.org/10.1523/JNEUROSCI.0704-22.2022
https://doi.org/10.1007/s10143-023-02086-1
https://www.ncbi.nlm.nih.gov/pubmed/37468768
https://www.ncbi.nlm.nih.gov/books/NBK557816/
https://doi.org/10.1002/cne.901020203
https://doi.org/10.1007/s00401-007-0248-z
https://doi.org/10.1007/BF00306191
https://doi.org/10.1007/BF00442595
https://doi.org/10.1055/s-2008-1052531
https://doi.org/10.1038/sj.mp.4000129
https://doi.org/10.1007/BF02343238
https://doi.org/10.1242/dev.126.16.3585
https://doi.org/10.1523/JNEUROSCI.20-21-08042.2000
https://www.ncbi.nlm.nih.gov/pubmed/11050125
https://doi.org/10.1038/nature.2017.21539
https://doi.org/10.1212/WNL.0b013e31822c90f2
https://doi.org/10.1111/j.1528-1167.2012.03533.x
https://doi.org/10.1016/j.clinph.2013.06.182
https://doi.org/10.3389/fneur.2014.00259
https://doi.org/10.1007/s00429-016-1323-9
https://doi.org/10.1016/j.yebeh.2014.05.027
https://doi.org/10.1212/WNL.0000000000001996
https://doi.org/10.1111/j.1528-1157.1997.tb01255.x
https://www.ncbi.nlm.nih.gov/pubmed/9579891
https://doi.org/10.1046/j.0953-816x.2001.01532.x
https://www.ncbi.nlm.nih.gov/pubmed/11328345
https://doi.org/10.1523/JNEUROSCI.21-10-03674.2001
https://doi.org/10.1016/j.neuroscience.2004.01.043
https://doi.org/10.3174/ajnr.A2603

Neurol. Int. 2024, 16 1142

37. Sperner, J.; Sander, B.; Lau, S.; Krude, H.; Scheffner, D. Severe transitory encephalopathy with reversible lesions of the claustrum.
Pediatr. Radiol. 1996, 26, 769-771. [CrossRef]

38. Matsuzono, K.; Kurata, T.; Deguchi, S.; Yamashita, T.; Deguchi, K ; Ikeda, Y.; Abe, K. Two unique cases with anti-Glur antibody-
positive encephalitis. Clin. Med. Insights Case Rep. 2013, 6, 113-117. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1007/BF01396197
https://doi.org/10.4137/CCRep.S11890

	Introduction 
	Case Presentation 
	Discussion 
	Conclusions 
	References

