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A B S T R A C T   

Purpose: To describe unique ocular features in a child with Joubert syndrome type 6. 
Observations: A 4-year-old male patient presented with right microphthalmia and non-dilating pupil and left 
primary position nystagmus. Brain MRI revealed a “molar tooth sign” of the midbrain and a “batwing sign” of the 
fourth ventricle along with large retroorbital cysts bilaterally. The diagnosis of autosomal recessive Joubert 
syndrome type 6 due to homozygous pathogenic variant c.725A > G p. (Asn242Ser) in TMEM67 gene was 
confirmed by whole exome sequencing. Left eye had nystagmus and the left optic nerve and retina showed 
epipapillary and subretinal fibrosis, respectively. Scleral buckle was performed for left non-rhegmatogenous 
retinal detachment which then improved and has been stable. 
Conclusions and Importance: We present a rare case of JS with some unique ophthalmic features which expand 
clinical knowledge on this complex systemic and ocular entity.   

1. Introduction 

Joubert syndrome (JS, MIM PS213300) is a ciliopathy which is 
characterized by malformation in the cerebellum and brainstem, 
recognizable on axial brain magnetic resonance imaging (MRI) as a 
“molar tooth sign” (MTS). Its characteristic clinical features include the 
triad of hypotonia, ataxia, and neurodevelopmental manifestations.1–3 

Distinctive cerebellar and brainstem features consist of cerebellar vermis 
hypoplasia, deepened interpeduncular fossa, and thickened and elon-
gated superior cerebellar peduncles. Additionally, the term Joubert 
syndrome-related disorders (JSRD) has been adopted to describe distinct 
neuroradiological feature of MTS while involving other organ systems. 
Based on organ involvement, JSRD is classified into phenotypes: JS with 
renal defect, JS with ocular defect (pure JS), JS with oculorenal defects, 
JS with hepatic defects, and JS with orofaciodigital defects.4 

Joubert syndrome is a very rare genetic disease with a prevalence of 
1:55.000–1:200.000.5 It demonstrates significant genetic heterogeneity 
that exhibits predominately autosomal recessive, and rarely X-linked 
inheritance. Being a ciliopathy, clinical features involve mainly the 
retina and the kidney. Ocular and oculomotor phenotypes include 

nystagmus (typically see-saw), strabismus, oculomotor apraxia, vertical 
gaze palsy, congenital retinal dystrophy, pigmentary retinopathy, ocular 
coloboma and ptosis.6 More than 40 genes are known to cause the dis-
ease, including the AHI1 (chromosome 6) and CEP290 (chromosome 13) 
genes critical in the primary cilia function.6 Some genetic causes (e.g., 
CEP290 and AHI1 dysfunction) are more likely to be associated with 
more severe retinal degeneration than others (e.g., INPP5E, MKS1, and 
NPHP1 dysfunction).7 

Herein we present a rare case of genetically confirmed autosomal 
recessive JS with some unique ophthalmic features and report on their 
characteristics and follow-up observation. 

2. Case report 

A 4-year old male patient from a consanguineous family from 
Bahrain, initially diagnosed with Joubert syndrome by pediatric 
neurology and later confirmed by genetic testing, was referred for the 
second opinion and management of a retinal detachment. He was the 
product of an unremarkable pregnancy and full term spontaneous 
vaginal delivery. The child suffered from overall hypotonia, difficulty 
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walking and severe neurodevelopmental deficit. External examination 
revealed bilateral small eyes with right microphthalmia and left primary 
position nystagmus. Due to poor cooperation, examination under anes-
thesia demonstrated hyperopic astigmatism and intraocular pressures of 
2.7 mmHg and 2.9 mmHg in the right and left eyes, respectively. There 
was bilateral microphthalmos and microcornea (corneal diameter OD =
7 mm, OS = 9.5 mm). Right anterior segment examination showed white 
dots on the iris surface, non-dilating pupil and lenticular membranes 
precluding view to retina. B-scan showed right microphthalmos with a 
retrobulbar cyst. 

Prior brain imaging demonstrated the classic “molar tooth sign” of 
the midbrain-hindbrain which is pathognomonic for Joubert syndrome 
(Fig. 1) and “batwing sign” of the fourth ventricle characteristic of 
Joubert syndrome (Fig. 2). Additionally, MRI scans have shown bilateral 
microphthalmia, retrobulbar cysts with deformity of the globes bilat-
erally and right lens subluxation (Figs. 3 and 4). The whole exome 
sequencing (Illumina platform) detected a homozygous pathogenic 
variant c.725A > G p. (Asn242Ser) in TMEM67 gene. It is classified as 
class 1 (pathogenic) according to the recommendations of ACMG and 
CENTOGENE® (Clinical Laboratory Improvement Amendments (CLIA) 
certified analyzing laboratory). An incidental finding was a heterozy-
gous pathogenic class 1 variant in the PKP2 gene which increases genetic 
susceptibility to the autosomal dominant arrhytmogenic right ventric-
ular dysplasia 9. 

Dilated left fundal exam showed a dysplastic optic nerve with epi-
papillary fibrosis (Fig. 5). Although the superior retina was attached, 
there were areas of subretinal fibrosis and retinal detachment inferiorly 
and temporally with severe distortion of the retinal vessels. There was 
no retinal exudate and no breaks were visible. There was no epiretinal 
membrane but mild subretinal fluid confirmed by B-scan (Fig. 6). 
Fundus fluorescein angiography revealed inferior retinal neo-
vascularization with leakage in late frames and absent retinal vascula-
ture temporally - maldevelopment consistent with syndromic features 

Fig. 1. Axial T1 weighted magnetic resonance image (MRI) shows the classic 
“molar tooth sign” of the midbrain-hindbrain (white arrow) pathognomonic for 
Joubert syndrome. 

Fig. 2. Axial T2 weighted MR image shows right retrobulbar cysts (long white 
arrow) with deformity of the globe and right microphthalmia and lens sub-
luxation. Fourth ventricle shows “batwing or umbrella sign” characteristic of 
Joubert syndrome (short black arrow). 

Fig. 3. Axial T2 weighted MR image shows retrobulbar cysts (white arrows) 
with deformity of the globes bilaterally and right microphthalmia. 
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(Figs. 7 and 8). After extensive discussion with the parents regarding 
guarded visual prognosis, we proceeded with extraocular scleral buck-
ling to relieve some ongoing traction of the inferior retina. A 360◦

conjunctival peritomy was performed followed by placing the extra-
ocular muscles on bridal sutures, and the placement of a silicone band 
tied with #90 sleeve. The band was secured by sutures in all 4 quadrants 

and its tightness was adjusted. Tenons and conjunctiva were apposed 
and sutured using 8.0-Vicryl sutures. Subconjunctival antibiotics and 
steroids were administered followed by standard post-operative outpa-
tient care. 

One month after surgery the left retina remained stable post scleral 
buckle surgery with inactive subretinal fibrosis and no fluid (Fig. 6). 
Examination under anesthesia 3 months after surgery showed stable 
attached retina. At 6 months post-op there was a mild increase in sub-
retinal fibrosis (Fig. 9) with attached retina and hence no further in-
terventions were necessary. The child undergoes regular visits with 
cycloplegic refraction. Subsequent exams have shown stable ocular and 
retinal findings up to 3 years following surgery. 

3. Discussion 

While our case highlights a wide array of systemic and ocular pa-
thology in JS, some features presented in our patient are quite unique. 
This is a monocular patient who presented with epipapillary and sub-
retinal fibrosis and localized retinal detachment with potential to 
expand. The extraocular surgery stabilized the condition and is probably 
a preferred approach in contrast to more invasive intraocular vitrectomy 
with drainage and tamponade. Given unknown nature of subretinal 
fibrosis, entry to subretinal space could potentially risk triggering of 
unwanted proliferative changes. The retina had pigmentary changes and 
dysplastic features. While pigmentary retinopathy including retinal 
dystrophy is the most common reported ocular pathology in JS,6 after 
conducting a literature review on December 2, 2023 utilizing PubMed, 
Google Scholar and Web of Science search engines using the key words 
Joubert syndrome (review), eye, retina, optic nerve, fibrosis, we did not 
find any prior reports of epipapillary and/or subretinal fibrosis reported 
in Joubert syndrome. Other rare retinal finding in this case include 
retinal dysplasia with leakage on fluorescein angiogram without neo-
vascularization. This retinal dysplasia included retinal vessel distortion 
which could be the reason for fluorescein dye leakage due to weakening 
of blood-retina barrier. Similarly in optic nerve pathology in JS, the 
literature reports on Leber congenital amaurosis, optic nerve drusen and 
coloboma6,8 but epipapillary fibrosis is yet to be reported. This fibrotic 
tissue showed mild fluorescein leakage at the optic nerve margin in late 
frames on fluorescein angiogram. 

A rare findings in our patient is the presence of bilateral micro-
phthalmia with ocular hypotonia and multiple retrobulbar cysts. Only 
three prior JS cases in the literature report the presence of retrobulbar 
cysts.6,9 They were large and thin-walled. The cysts in this patient were 
multilobulated, large, distorting right globe and perhaps contributing to 
arrest of its development. Other reported orbital lesion in Joubert syn-
drome due to a pathogenic variant in the same TMEM67 gene includes a 
case of bilateral opticmeningoceles.10 While intraocular examination 
was not possible clinically, MRI revealed intraocular lens subluxation in 
the right, microphthalmic eye. Dilation was possible in the left eye in 
which intraocular lens was in situ. The findings of strabismus and 
nystagmus, present in this child, are common in JS.6 

JS is part of the larger group of ciliopathies which are based on 
shared genetic causes and overlapping phenotypes related to dysfunc-
tion of the primary cilium – a modified cilium connecting the inner and 
outer segments of photoreceptors. Maintenance of photoreceptor 
integrity relies on continuous intraflagellar transport.11 Our patient had 
pathogenic variants in the transmembrane protein 67 (TMEM67) gene 
which plays a role in ciliogenesis and pathogenic variants in this gene 
cause >10 % of JS cases.12–16 This variant causes mostly autosomal 
recessive pattern of inheritance (OMIM 609884).17–19 The same variants 
have been previously described with associated abnormal eye move-
ments but without ocular findings reported here.20–22 A second patho-
genic variant in the protein Plakophilin-2 (PKP2) gene predisposing 
arrhytmogenic right ventricular dysplasia 9 was an accidental finding 
and the patient did not have cardiac problems. Defects in PKP2 gene in 
vitro increase expression of profibrotic genes which is a plausible 

Fig. 4. Coronal T2 weighted MR image of the orbits shows bilateral multi-
loculated retrobulbar cysts (white arrows). 

Fig. 5. Wide-field color fundus photography shows a dysplastic optic nerve 
with epipapillary fibrosis (white arrow) and some subretinal fibrosis inferiorly 
and temporally. 
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connection to increased pre- and subretinal fibrosis in this case.23 Other 
common disorder in ciliopathies is kidney dysfunction which was not 
present in this case. The parents were informed about guarded visual 
prognosis and a careful vigilance for both new ocular and systemic 
symptoms and signs. 

4. Conclusions 

We present a complex syndromic case of genetically confirmed 
autosomal recessive JS with the presence of two novel ocular features 
(subretinal and epipapillary fibrosis) expanding its phenotypic spec-
trum. We also describe the management of the non-rhegmatogenous 
retinal detachment observed in this case. The significance of early 
detection of the syndrome is stressed so that clinicians can promptly 
assess for visual impairment and provide available treatment(s) and 
supportive measures to individuals and their families. Ideally, a baseline 
assessment for the issues described above would be performed when JS 
is diagnosed or suspected, with regular ophthalmological reviews for 
surveillance and treatment of possible retinal developments such as 
retinal detachments. 

Fig. 6. Left Panel: Pre-operative ultrasound image demonstrates retinal detachment. Right Panel: Ultrasound image following scleral buckle surgery of the same eye 
shows slightly elongated eye with attached retina. 

Fig. 7. Wide-field color fundus fluorescein angiography in early frames dem-
onstrates good retinal perfusion with mild staining of the retinal 
pigment epithelium. 

Fig. 8. Wide-field color fundus fluorescein angiography in late frames dem-
onstrates mild leakage at the optic nerve margin and retinal vessels most likely 
due to vascular distortion and dysplasia. No active neovascularization was seen. 

Fig. 9. Wide-field color fundus photography after scleral buckling surgery 
shows a dysplastic optic nerve with epipapillary fibrosis and a mild increase in 
subretinal fibrosis with no change in retinal attachment (white arrow). 
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