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Introduction: Joubert syndrome is a rare disorder, characterized by a complex midbrain malformation caused by defects in the
structure and/or function of the primary cilium.

Case Report: A 15-year-old boy with mild intellectual disability, hypotonia, mild ataxia, and abnormal eye movements diagnosed as
having Joubert Syndrome since childhood, was referred to the Sleep Unit because spells of apnea while sleeping. He did not complain
of snoring or daytime somnolence. The macro and microstructure of sleep and the comorbidities such respiratory abnormalities,
periodic legs movements (PLM) and paroxysmal motor arousals (PA) and minimal motor events (MME) are described for the first time
in Joubert syndrome.

Results: EEG was normal. Video-polysomnography revealed a nocturnal disturbed sleep and periods of hyperpnea accompanied by
body movements and followed by a periodic breathing lasting several minutes with no oxygen desaturation. The arousals provoked by
apneas triggered paroxysmal motor events with dystonic movements in the hand and right foot accompanied by a spontaneous
Babinski. Brain MRI showed the typical “molar tooth sign”.

Conclusion: Joubert syndrome is a heterogeneous disease. Epileptic seizures have been reported in some cases. Video-PSG is
mandatory for the identification of nocturnal breathing abnormalities and sleep-related motor paroxysmal episodes.

Keywords: Joubert syndrome, molar tooth sign, hyperpnea and central periodic breathing, nocturnal paroxysmal motor events, sleep

fragmentation and arousals

Plain Language Summary
Joubert syndrome is a clinically heterogeneous disease. Significantly, variability in phenotype and genetics has been described.

Joubert syndrome is under-diagnosed and should always be considered in children with non-progressive ataxia, intellectual
disability and episodes of hyperpnea and apnea.

The presence of molar tooth sign its present in 85% of the cases of Joubert syndrome.

The epileptic seizures have been reported with lack of details regarding the electro-clinical semiology and without a clear-cut
circadian presentation schedule.

The possible physiological mechanism triggering the sleep paroxysmal motor events has been described such as respiratory
arousals and motor arousals (PLM) as the usual triggers in nocturnal frontal epileptic seizures and in parasomnias.

A Video-PSG is mandatory for the identification of breathing abnormalities during sleep as well as comorbidities with PLM,

parasomnias and related motor seizures during sleep.

Introduction

Joubert Syndrome (JS) first described in 1969,' is a rare, autosomal recessive disorder, clinically heterogeneous that
combine neurological signs: generally poorly controlled movements and mild to moderate intellectual disability, with
variable multiorgan involvement, mainly of retina, kidneys, liver and skeleton. Brain MRI is characterized by a complex
midbrain-hindbrain malformation with the absence or underdevelopment of the cerebellar vermis and a broad spectrum
of other phenotypic findings caused by defects in the structure and/or function of the primary cilium.” There is a hallmark
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neuroradiology feature in the brain MRI called “molar tooth sign” (MTS) present in 85% of the cases.” Abnormal
migration defects, mainly periventricular nodular heterotopia, and cortical organization defects such as polymicrogyria
have also been reported.*

The incidence has not been precise, it might be between 1-9/100.000.

Despite years of JS gene discovery, the genetic cause cannot be identified in up to 30% of individuals, depending on
the cohort, sequencing method, and criteria for pathogenic variants. All these genes encode for proteins of the primary
cilium, “ciliopathies”. Primary cilia are known to play key roles in the development and functioning of several cell types:
neurons, retinal photoreceptors, kidney tubules and bilis duct. In the developing cerebellum and brainstem, these
organelles regulate major signal transduction pathways, and have been implicated in both in neuronal cell proliferation
and axonal migration.” The prognosis depends mostly on renal and hepatic complications that, if not timely diagnosed
and managed, represent the major causes of death in JS patients.

From the first publications, respiratory abnormalities were characterized by attacks of tachypnea alternating with
respiratory pauses; hyperpnea-apnea episodes or episodic tachypnea, apnea, snoring and Pediatric Sleep Questionnaire
scores suggestive of sleep-related breathing disorders.®® Centrally mediated brainstem dysregulation triggers episodic
hyperpnea and apnea. At birth, some infants have severe manifestations of breathing control requiring mechanical
ventilation and/or tracheostomy in rare cases. Early detection and improved understanding of sleep-related breathing
abnormalities may contribute to improve the prognosis for patients with Joubert syndrome.®

We report the clinical, cranial MRI and video-polysomnography (v-PSG) features of an adolescent diagnosed as
having Joubert Syndrome in childhood who presented paroxysms of hyperpnea followed by a central periodic breathing
and sleep-related paroxysmal motor events during sleep. The macro and microstructure of sleep and the comorbidities,
respiratory abnormalities, periodic legs movements (PLM), paroxysmal motor arousals (PA) and minimal motor events
(MME) are described for the first time in Joubert syndrome.

The children’s parents gave their informed consent to participate in the study as well as the consent to publish the
data, and the institution’s research Ethics Committee approved the study.

Case Report

A 15-year-old boy with mild intellectual disability, hypotonia, mild ataxia, and abnormal eye movements, diagnosed as
having Joubert Syndrome since childhood, was referred to the Sleep Unit because his parents noticed that he experienced
spells of apnea while sleeping since childhood and more frequent in the last two years. He did not complain of excessive
daytime somnolence or fatigue.

He was born after normal pregnancy and cesarean section, newborn weight 3530 gr, normal male karyotype 46 XY.
He had no family history of consanguinity, neurological or sleep disorders. A mild hypotonia was observed during
breastfeeding. He presented a delayed gait at 2.5 years, a global maturational delay including language, attentional and
learning difficulties. The patient goes to a special education center due to his intellectual disability. No seizures have been
reported and the patient was untreated.

Results
Clinical examination discard renal or liver involvement. His anthropometric measurements were as follows: weight,
63.4 kg; height, 172 cm; BMI, 21.5 kg/m*.

The neuro-ophthalmology examination showed a complex non-paralytic strabismus and oculomotor apraxia with
saccades and associated cephalic jerks that have improved over time. Absence of retinal dystrophy.

The Pediatric Daytime Sleepiness Scale (PDSS) score was 12 and the waking standard EEG recording was normal.
Two v-PSG recordings (EEG, EOG, EKG, submental and tibialis anterior EMG, respiration and oxygen saturation) were
performed. The parameters analyzed were sleep efficiency index, sleep latency, Rem latency, wake after sleep onset
(WASO), percentages of stages N1, N2, N3, and REM in relation to Total Sleep Time; total number of awakenings (from
any sleep stages to wakefulness); apnea-hypopnea (AHI) and periodic leg movements (PLM) indexes. The data were
manually scored according to the American Academy of Sleep Medicine (AASM - Version 2.6). The first v-PSG revealed
a disturbed macro and microstructure of nocturnal sleep, long sleep latency, long REM latency, increased WASO, high
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Figure | Hypnogram and power spectrum analysis (PSA of Cz and EOG).

sleep fragmentation index (number of awakenings), decreased efficiency index, only 2 sleep cycles and low percentage of
stage REM, as shown in the hypnogram. These abnormalities were interpreted as the consequence of “the first night
effect”. A second v-PSG performed two months later showed a normal sleep macrostructure (five sleep cycles) with the
persistence of a high fragmentation index and with unchanged respiratory and motor patterns (Figure 1) (Table 1).

Respiration (airflow, thoracic and abdominal effort and SaO,) was normal with periods of hyperpnea preceded by
a body movement and followed by a central periodic breathing lasting for several minutes with no significant oxygen
desaturation (Sa0O,) (Figure 2).

The most outstanding finding was the appearance of highly stereotyped paroxysmal motor events accompanied in the
EEG by a theta-delta rhythmic activity and followed by a stage shift and/or a postural change and a short awakening. The

Table | Sleep, Respiratory and PLM Parameters of the First and
Second PSG Recordings

PSG Parameters First PSG Second Night PSG
Sleep efficiency 85% 90%

Sleep latency 29 min 10 min
REM latency 279 min 50 min
WASO 38 min 10 min
Total number of awakenings 22 17

NI1% of TST 60 min (15,4%) I5 min (4,34%)
N2% of TST 186 min (47,8%) 150 min (43,4%)
N3% of TST 139 min (36,7%) 120 min (34,7%)
REM % of TST 4 min (1,02%) 60 min (17,4%)
AHI 5 16

PLMI 5 10

Note: Awakenings: number of awakenings (from any sleep stage to wakefulness).
Abbreviations: AHI, apnea-hypopnea index; PLMI, periodic leg movement’s index;
PSG, polysomnography; NI, N2, N3, sleep stages; REM, rapid eye movements; TST,
total sleep time; WASO, Wake after sleep onset.

Nature and Science of Sleep 2022:14 heeps: 1487

Dove!


https://www.dovepress.com
https://www.dovepress.com

Peraita-Adrados Dove

i [BABINSKI DECHO) s4 4 L 24 34 BEABINSKI DECHORK 1 24 3¢ 44 54 4 13 24 34

caFe Auto. Extension

NYIAY

3 B
AN
=
E==v
P — -
—
=—F
=3
e
b 3
s
———
-;%L
=
==
e

BUC_

i WJ\WWWW et v e

EMG2

saT

S
) ELFA T 357 1 2% L - < P
Stage 2 Stage 1 | L
L R e L i s T
8h 3h 10h
L
]
% /
B

#AStart| A DELTAMED - COHE...|[A_Coherence

Figure 2 Central periodic breathing lasting for 4 minutes with no significant oxygen desaturation (epoch of 4 min., 10 uV). (PSA of EOG and C3).

arousals provoked by episodes of hyperpnea triggered these minimal motor events with dystonic movements in the right
hand and foot and a spontaneous Babinski (isolated or repeated), which lasted 5 to 10 seconds. On other occasions,
a hyperextension of arms and dystonic movements of the right hand and a right Babinski followed the hyperpnoea were
observed (Figure 3). These paroxysmal motor events appeared throughout the night in the absence of clear-cut epilepti-
form interictal epileptic abnormalities in wakefulness and/or sleep. In addition, periodic leg movements (PLM) - that
systematically provoked an arousal - were recorded.

Brain MRI showed the “molar tooth sign” (MTS) on axial image with these three components: midline cerebellar
vermis hypoplasia, deepened interpeduncular fossa, and thick, elongated superior cerebellar peduncles (Figure 4).

A CPAP therapy was discarded because the absence of daytime somnolence and acceptable school level and
behaviour. Antiepileptic treatment was not administered.

Discussion

In Joubert syndrome, neurological symptoms consist of intellectual disability and delayed language and motor skills.
Intellectual deficit is not a mandatory feature and exceptional cases may have borderline - as in this case - or even
normal. Early hypotonia is observed in nearly all cases, and can be recognized in the neonatal period or infancy, evolving

into truncal ataxia and development delay. Oculomotor apraxia and inability to follow objects visually with
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Figure 3 The v-PSG showed highly stereotyped arousals provoked by a central apnea and paroxysmal motor events accompanied in the EEG by a theta-delta rhythmic
activity and followed by stage shifts and short awakenings with dystonic movements in the right hand and foot, a spontaneous Babinski and a postural change in stage N3.
Tachycardia and taquipnea are present (epoch of | min,, 10 pV).

compensatory head movements, is also common. One of the organs most frequently involved is retinal dystrophy, due to
progressive degeneration of photoreceptor cells.

The presence of a neuroradiological hallmark, designated as the “molar tooth sign” (MTS) on brain MRI was clear in
our case.

Centrally mediated brainstem dysregulation triggers episodic hyperpnea and apnea. At birth, some infants have
severe manifestations of breathing control requiring mechanical ventilation and/or tracheostomy in rare cases. Early
diagnostic and understanding of sleep-related breathing abnormalities may contribute to improve the prognosis for
patients with JS.°

We found in our case the typical respiratory pattern with alternate episodes of hyperpnea and apnea as well as
episodic hyperpnea during sleep without SaO, desaturation (Figure 5). The arousals provoked by apneas triggered
paroxysmal motor events that have not been previously described in this syndrome. Epilepsy and EEG abnorm-
alities are rare features in the series of JS seen in approximately 3% of patients although there are no consistent
predictive radiologic findings °'?. Two previously reported patients with dentate nuclei abnormality had epilepsy.
It is not proven whether cerebellar abnormalities could contribute to seizure generation.'” In exceptional cases,
seizures resistant to treatment have compromised long-term survival; these are more likely in patients with
structural brain malformations in addition to the MTS. In our patient the arousals provoked by central apneas

triggered paroxysmal motor events with dystonic movements in the hand and right foot accompanied by
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Figure 4 T2-weighted MRI in axial view at the level of the midbrain displaying the molar tooth sign, which is created by a combination of deep interpeduncular fossa, slender
superior cerebellar peduncles and enlarged IV ventricle. The midline cerebellar vermis is severely hypoplastic.

a spontaneous Babinski reflex which lasted 1 to 5 seconds. These motor stereotyped episodes appeared in clusters
throughout the night.

We have previously published a cohort of Spanish children - none diagnosed as a Joubert syndrome - who underwent
v-PSG for suspected sleep-related breathing disorders (SBD) to ascertain the eventual presence of epileptic seizures. In
total, 25 children were diagnosed with SBD, and 4 out of 25 (16%) children met the criteria for OSA and epilepsy, with
epileptiform discharges and/or seizures during sleep. We diagnosed benign epilepsy with centro-temporal spikes in two
cases, partial symptomatic epilepsy in one, and Nocturnal Frontal Lobe Epilepsy (NFLE) in another, while we found
paroxysmal arousals in two patients.'* In a later study in children with NFLE, we found a high comorbidity with other
sleep disorders, such as SDB, and we found a disturbed nocturnal sleep as indicated by an increased number of stage
shifts and arousals, a higher percentage of light sleep stages, decreased percentages of slow-wave sleep and REM sleep,
and diminished sleep efficiency. Among children diagnosed with NFLE, seven were referred for sleep disordered
breathing (SDB) as in this Joubert case. Standard EEG was normal in 21 out of 24 cases."

Arousal fluctuations play an important role in triggering minimal motor events (MME) during sleep in NFLE; the
epileptic discharge acts as a trigger for the appearance of behaviors that are the expression of inborn motor patterns,
related to central pattern generators (CPG), and mainly located outside the cerebral cortex. According to Tassinari et al,
the concept may be extended to parasomnias, whose motor expressions are the same as in epileptic seizures since they
result from the activity of the same CPG.'°

Recent findings indicate that, in a single epileptic patient, highly stereotyped MME can occur in either the presence or
absence of an epileptiform discharge as in this case.'” According to our previous series, a high percentage of children
with NFLE are often misdiagnosed. The nocturnal disturbed sleep could be associated with other sleep disorders and
especially with OSA.

Recently, a new epileptic syndrome characterized by the occurrence of sleep-related hypermotor seizures of variable
complexity and duration had been described. Seizures usually arise in the frontal lobe, but extrafrontal seizure onset
zones as well have been described.'®

Finally, we would like to emphasize that sleep-related hypermotor epilepsy provoke nocturnal sleep disruption with
high fragmentation, and the presence of other sleep disorders (SDB, PLM, parasomnias) may be a trigger for nocturnal

paroxysmal events as in the case of the present study.

1490 "= Nature and Science of Sleep 2022:14

Dove!


https://www.dovepress.com
https://www.dovepress.com

Dove Peraita-Adrados

A Eile DpayAnVSMngu )Mwstl

Th T i|
Auto Extensmn

\“" m w ‘ f
“; il W ’”'.w ek ﬁ M ol

B M\MJ wn Ww

FFFFF

w' ““'”‘v*’ (i m f wumu
bl umw'l% fm"*iﬁww w Hu w w ' w il !l
W Ml% k W Wu WMM M M l

aze Iu_lb

TTTTT

. =
< =
#Astart| A DELTAMED - COHE...|[A C: =

Figure 5 Paroxysm of hyperpnea followed by a central apnea lasting 20 sec and preceded by a PLM with no significant oxygen desaturation (epoch of 4 min., 10 uV). (PSA of Cand EOG).
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