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Unilateral, frontal polymicrogyria and supratentorial white matter
microcysts in fetus with Joubert syndrome and related disorders:
Prenatal diagnosis with magnetic resonance imaging

Unilateralna frontalna polimikrogirija i mikrociste supratentorijalne bele mase
fetusa sa znacima Joubert-ovog sindroma 1 povezanih bolesti: prenatalna
dijagnoza magnetno rezonantnim snimanjem
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Abstract

Introduction. Joubert syndrome (JS) and related disorders
(JSRD) are a group of rare multiple congenital anomalies
syndromes, defined by complex midbrain-hindbrain mal-
formation that creates the “molar tooth sign” (MTS) on
brain imaging and may be associated with multisystem or-
gan pathology, mainly of the retina, kidney, liver and skele-
ton. Prenatal diagnosis of JSRD has proved difficult because
of the rarity of the condition and low sensitivity of ultra-
sound in evaluation of the fetal posterior fossa (PF) in most
affected fetuses. Case report. We presented an unusual case
of JSRD, pure Joubert syndrome with unilateral frontal po-
lymicrogyria and supratentorial white matter microcysts, di-
agnosed by magnetic resonance imaging (MRI), in fetus
aged 30 gestational weeks. The distinctive MRI features of
this rare ciliopathy were confirmed by 6-months postnatal

Apstrakt

Uvod. Joubert-ov sindrom (JS) i povezane bolesti (Joubert
syndrome and related disorders — JRSD) su objedinjena grupa
retkih urodenih, razvojnih sindroma srednjeg i zadnjeg mo-
zga, sa tipi¢nim neuroradioloskim ,,znakom kutnjaka®, ¢esto
udruzenih sa multiplim anomalijama mreznjace, bubrega, je-
tre i skeleta. Prenatalna dijagnoza JSRD je teska zbog veoma
retke pojavnosti oboljenja i niske senzitivnosti i specifi¢cnosti
fetalnog ultrazvuka u proceni struktura zadnje lobanjske ja-
me. Prikaz bolesnika. Prikazali smo neuobicajen slucaj
JSRD sa unilateralnom, frontalnom polimikrogirijom i mi-
krocistama supratentorijalne bele mase, detektovane mag-

MRI study. The postnatal outcome was poor; clinical fol-
low-up in the first 6 months of life confirmed hypotonia,
developmental delay, oculomotor apraxia and seizures.
Conclusion. To the best of our knowledge, fetal MRI fea-
tures of the coexistence of pure JS and supratentorial ab-
normalities leading to postnatal cerebellar dysfunction and
epilepsy, have never been reported before. Presented case
may contribute to the broadening of the spectrum of sparse
prenatal features of JRSD, and support the stand that pres-
ence of neuronal migration abnormalities can affect the clin-
ical outcome and prognosis of fetuses with JSRD.
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cerebellum; congenital abnormalities; diagnosis,
differential; epilepsy; neurologic manifestations;
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netnorezonantnom snimanjem (MRI) fetalnog mozga u 30.
gestacijskoj nedelji. Prenatalno uocena morfologija je
potvrdena MRI snimkom na uzrastu od Sest meseci.
Klinickim pracenjem u prvih $est meseci zivota, uoceno je
pogorsanje od rodenja prisutnih epileptiénih napada i
neuroloskih simptoma tipicnih za JSRD (hipotonija, razvoj-
no zaostanje, poremecaji pokretanja oc¢nih jabucica).
Zakljucak. Prema saznanjima autora, do sada nije objavljen
slucaj prenatalno postavljene MRI dijagnoze ]S udruZzenog
sa supratentorijalnim razvojnim poremecajima, postnatalno
manifestovanih cerebelookularnom simptomatologijom i
epilepsijom. Smatramo da prikazani slucaj moze prosiriti
uzak spektar neuroradioloskih prezentacija JSRD u fetalnom
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i postnatalnom periodu i potvrditi mogudi uticaj udruzenih
poremecaja neuronalne migracije na prognozu i klinicki is-
hod u fetusa sa JSRD.

Kljuéne reéi:

mozak, mali; anomalije; dijagnoza, diferencijalna;
epilepsija; neurolo§ke manifestacije; rast, poremecaji;
prognoza.

Introduction

Joubert syndrome (JS) and related disorders (JSRD) are
a group of rare developmental, multiple congenital anomalies
syndromes, defined by complex midbrain-hindbrain malfor-
mation that creates the “molar tooth sign” (MTS) on brain
imaging, associated with variable multiorgan pathology,
mainly of the retina, kidneys, liver and skeleton '. MTS de-
scribes hypoplastic vermis, narrow mesencephalic isthmus,
deep interpeduncular fossa and thick horizontally placed su-
perior cerebellar peduncles, with consequent midline cere-
bellar cleft and dysmorphic fourth ventricle. The incidence
of JSRD ranges between 1/80,000 and 1/100,000 live births,
although these figures may represent an underestimate >.
JSRD is thought to be part of ciliopathies, genetic disorders
related to the disturbed development of primary cilia, organ-
elles that play key roles in the development and functioning
of retinal photoreceptors, neurons, kidney tubules and bile
duct. JSRD are transmitted in autosomal recessive fashion,
with the exception of rare cases following X-linked recessive
inheritance *. JSRD are clinically heterogenous; the charac-
teristic features include hypotonia, ataxia, oculomotor
apraxia, neonatal breathing dysregulation, developmental
delay associated with variable multiorgan pathology. Based
on the main organ involvement and genotype-phenotype
correlates, JSRD are classified in six phenotypic subgroups:
pure JS and JS with ocular, renal, oculorenal, hepatic and
orofaciodigital defects "% Since the first Gleeson's report in
2004, only five cases of JRS associated with neuronal migra-
tion anomalies have been described, but only based on
postnatal imaging and/or autopsy findings *°. A single case
of white matter cyst in JRSD detected by magnetic resonance
imaging (MRI) was described by Senocak et al. °. To the best
of our knowledge, prenatal imaging features of JSRD were
described in the literature in only 17 fetuses, mostly
examined by ultrasound (US)°®. In all available prenatal
imaging studies, MTS was noted as isolated finding, not a
single case in conjunction with associated brain anomalies.
We describe a unique JSRD case and fetal MRI features of
the coexistence of MTS, cortical polymicrogyria (PMG) and
white matter cyst.

Case report

A 37-year-old woman, (grav 2, para 1) with no relevant
medical history, was referred to MRI unit, at 30 weeks of
uneventful pregnancy, after previous US exam, performed
two weeks earlier, suggested forth ventricle enlargement and
vermian abnormality, as isolated findings. Fetal brain MRI
was performed on a 1.5 T unit, with 3mm thick half Fourier
single-shot fast spin-echo (760/104/1; TR/TE/excitations)
T2-weighted images obtained in 3 reference planes. The fetal

MRI study revealed MTS with vermian hypoplasia, bilateral
horizontally oriented and slightly thicker superior cerebellar
peduncles and deepened interpeduncular fossa. The forth
ventricle was enlarged, with abnormally rounded fastigium.
There were no abnormal MRI findings related to the PF size
and cerebellar hemispheres. In the right frontal lobe, the gy-
ral/sulcal pattern was abnormal with multiple irregular, shal-
low, cortical infoldings, consistent with polymicrogyria.
Frontal white matter was slightly hyperintense with scattered
punctiform zones, with signal intensity resembling cerebro-
spinal fluid (CSF). There were no abnormal MRI findings re-
lated to the cortex in the left cerebral hemisphere (Figure 1.
A-D). Based on a presumptive diagnosis of JSRD, the par-
ents were counseled that the fetus had a complex romben-
cephalic developmental abnormality combined with neuronal
migration disorder, with expected developmental impair-
ments and high risk of epilepsy. Due to religious beliefs, the
family decided to continue the pregnancy.

A male neonate was born at 39 gestational weeks, via
uncomplicated spontaneous vaginal delivery. At first day of
life neonate manifested apnea spells and hypotonia, accom-
panied with oculomotor apraxia and seizures in the form of
epileptic spasms. Physical examination at birth was unre-
markable. Karyotype testing was not revealed chromosomal
abnormalities, unfortunately; genetic testing (whole exome
sequencing and/or targeted panels) was not performed. Clini-
cal assessments in the following six months of age, revealed
aggravation of cerebello-occular symptoms, an increase in
number of epileptic attacks and significant developmental
delay. Despite neurological deterioration, infant’s respiratory
abnormalities progressively improved with age, disappearing
around the beginning of fourth month. An abnormal inter-
ictal EEG was recorded at six months, with electroencepha-
lographic pattern of focal frontal spikes in the right central
frontal region.

Postnatal brain MRI scan was obtained at 6 months of
life, by using the same system of the prenatal studies. The
MRI study confirmed prenatal MRI diagnosis; MTS was pre-
sent with pathognomonic appearance, associated with midline
cerebellar cleft in the place of the hypoplastic vermis, deep in-
terpeduncular fossa and enlarged, “bat wing” shaped fourth ven-
tricle on the axial scans. The unilateral PMG in the entire right
frontal lobe was confirmed, without the gradient of severity in
anteroposterior (AP) direction. Supratentorial white matter had
slightly increased signal intensity on T2 sequence, suggestive of
mild myelination delay. Multiple white mater microcysts were
detected in frontoparietal regions bilaterally, more pronounced
on the right side. Supratentorial ventricles, corpus callosum,
basal ganglia and the cerebral cortex in the left hemisphere,
appeared to be normal (Figure 1, E-H).
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Fig. 1 — Fetal and postnatal magnetic resonance imaging features of Joubert syndrome and related disorders with
unilateral polymicrogyria and white matter microcysts.

Midline sagittal T2W image (A) in a 30-week old fetus shows vermian hypoplasia, an enlarged forth ventricle with
abnormally rounded fastigium, and horizontalized and thickened superior cerebellar peduncles. Axial T2W image (B) at the
level of pontomesencephalic junction reveals deep interpeduncular fossa and dysmorphic fourth ventricle suggestive of MTS.
Axial T2W scan, at a supraventricular level (C), shows the abnormal gyral and sulcal pattern in the right frontal lobe,
consistent with polymicrogyria. Note the hyperintense signal of the supratentorial white matter, with scattered punctiform
zones, resembling cerebrospinal fluid signal intensity (F). Postnatal brain MRI in sagittal (E), axial (F, G) and coronal planes
(D), obtained at 6 months of life show presence of dysmorphic rhombencephalon, unilateral, frontal polymicrogyria, white

matter microcysts and delayed myelination.
Discussion

Prenatal diagnosis of JSRD has proved difficult because
of the rarity of the condition, the US limitations in evaluation
of the fetal posterior fossa and the relatively nonspecific US
features reported in most affected fetuses ®’. The prenatal
diagnosis of JSRB could be suspected in all fetuses with US
findings of abnormal cerebellar vermis, either as isolated
findings or associated with additional central nervous system
or multisystem malformations. On the US scans of the fetal
posterior fossa, MTS frequently remains unrecognized or
overlooked. In our opinion, low sensitivity of US in detec-
tion of MTS could be caused by technique’s inability to ob-
tain clear transversal posterior fossa scans, perpendicular to
clival line at the level of the pontomesencephalic junction.

Although MRI overcomes disadvantages of US in eval-
uation of the fetal rhombencephalon, its sensitivity in JSRD
has not been systematically evaluated. Fetal MRI reports of
JSRD are scarce and they do not reflect disease heterogene-
ity, describing only posterior fossa abnormalities. MTS was
not detected in two of eight reported cases. Doherty et al. ®
reported only vermian hypoplasia, without being able to
demonstrate MTS. We agree with current opinions that for
fetal diagnosis of MTS, all pathological elements should be
visualized on MRI scans and that coronal planes are dedi-
cated for visualization of cerebellar cleft, axial planes for
midbrain isthmus and fourth ventricle °. But, according to
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our study, fetal morphology of horizontalized and thickened
superior cerebellar peduncle is better displayed in sagittal ra-
ther than in recommended axial plane.

It is not expected that MTS, as the neuroradiological
hallmark of JSRD, changes its appearance, but according to
Porreti et al. '°, rhombencephalic abnormalities could exhibit
different degrees of hypoplasia or dysplasia (mild, moderate,
severe). This can partially explain why mild forms of JSRD
could be overlooked or misdiagnosed as isolated vermian
hypoplasia or malformation from the Dandy-Walker spec-
trum. In order to enhance fetal MRI accuracy in diagnosing
of JSRD, Saleem and Zaki'' proposed quantification of
morphologic changes at pontomesencephalic junction by
measurements of AP diameters of interpeduncular fossa,
isthmus and forth ventricle and calculation of the ratio of AP
diameters. The reliability of the obtained parameters is not
statistically verified. It is calculated in three cases, and we
still do not know the normative values for healthy fetuses at
different gestational age.

Although prenatally diagnosed infratentorial malforma-
tions in JSRD have been described sporadically in the radio-
logical literature, coexisting supratentorial structural brain
abnormalities were not reported at all. ®''. It is possible that
lack of data on supratentorial abnormalities is caused by
moderate sensitivity of fetal MRI in detecting disorders at an
carly gestational age (less than 26 gestational weeks) and
low conspicuity of the supratentorial abnormalities in JSRD
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affected fetuses (e.g. hippocampal malrotation, mild midline
defects, hypothalamic hamartomas and malformations of
cortical development). According to our best knowledge, this
is the first reported case of fetal JSRD with neuronal migra-
tion anomalies as associated supratentorial malformation '*.
Even though, our case is specific not only due to PMG being
unilateral and exclusively localized in the frontal lobe, which
sets it apart from two previously published pediatric cases of
JS with bilateral, mostly perysilvian malformation, but due to
the fact, that it is associated with delayed myelination and
white matter cysts . It is also of note, that the prenatally di-
agnosed right frontal lobe lesion represents a focal epileptic
zone in concordance with postnatal seizure semiology and
EEG findings. Unfortunately, clinical and imaging diagnosis
in our patient was not confirmed by genetic/molecular data.
According to Vilboux et al. ', causative gene could be iden-
tified in 94% of JSRD patients, with significant geno-

type/phenotype correlation and high percent of unique poten-
tially pathogenic gene variants linked to unusual clini-
cal/imaging JSRD cases.

Conclusion

Presented case supports the claim that JSRD should be
considered as a highly heterogenous malformation, with a
variable degree of severity and clinical outcome. The prena-
tal MRI has to be mandatory part of prenatal diagnostic algo-
rithm in fetuses with suspected JSRD, to confirm posterior
fossa anomalies and detect the presence of associated suprat-
entorial abnormalities. Presented MRI features contribute to
the broadening of the prenatal neuroimaging spectrum, and
could aid in prenatal prediction as to which JSRD affected
fetus could develop epileptic seizures in the postnatal period.
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