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Abstract: Neurofibromatosis type 2 (NF2) is a genetically determined tumor-predisposing syn-
drome. Ocular manifestations include cataracts, epiretinal membranes, retinal hamartomas, optic
disk gliomas, and optic nerve sheath meningiomas. Moreover, optic disk edema, optical atrophy,
motility disorders, pupil and lid dysfunction, and neurotrophic keratitis can be observed as indirect
signs. An observational study was conducted with the aim to collect clinical data and describe
the most frequent NF2 ocular manifestations. Fourteen patients affected by NF2, according to the
Manchester criteria, were enrolled. All patients underwent complete ophthalmologic and orthoptic
evaluation and a spectral domain optical coherence tomography. Ocular manifestations were present
in all patients. The slit lamp evaluation of the anterior segment highlighted cataracts in five patients,
keratitis in two patients, corneal leukoma in two patients, and corneal pannus in one patient. Fundus
oculi and OCT evaluation identified epiretinal membranes in four patients, vitreoretinal tufts in
three patients, optic nerve edema in one patient, and retinal hamartoma in one patient. Moreover,
the orthoptic evaluation identified different types of ocular motility disorders in seven patients.
This is a descriptive study of a rare disease with poor previous literature. Clinical data are shown,
emphasizing the role of NF2-specific ophthalmological and orthoptic findings to help establish an
early diagnosis.

Keywords: neurofibromatosis type 2 (NF2); merlin protein; cataract; epiretinal membrane; rare diseases

1. Introduction

In 1882, von Recklinghausen described and classified neurofibromatosis type 1, neu-
rofibromatosis type 2 (NF2), and schwannomatosis, under the common term “Neurofi-
bromatosis” [1]. NF2 was later identified as a separate clinical entity by Gardner [2].
Neurofibromatosis type 2 is a tumor-predisposition syndrome characterized by the devel-
opment of multiple schwannomas and meningiomas. The incidence is about 1 in 25,000
with a penetrance of 95%. The disease prevalence is estimated at 1 in 60.000. Thanks to
earlier diagnoses and treatment developments, the life expectancy of these patients has
improved, and the incidence of complications has decreased [3]. NF2 is caused by the
inactivating mutations of the NF2 gene, located at q12.2 of chromosome 22, that result in a
deficiency of the Merlin protein, a cytoskeletal protein with tumor suppressor properties [4].

NF2 is characterized by the development of bilateral vestibular schwannomas (VS),
which lead to hearing loss, tinnitus, and imbalance. Other typical tumor types are schwan-
nomas involving cranial, spinal, and peripheral nerves, and multiple meningiomas, both
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intracranial and intraspinal. Moreover, low-grade central nervous system (CNS) malignan-
cies, such as ependymomas and gliomas, and skin tumors can occur [5].

The Manchester criteria, introduced in 1992, are the best-known diagnostic criteria for
NF2 [6]. According to these criteria, a patient with suspicion of NF2 must meet one of the
following clinical features:

1. Bilateral vestibular schwannomas;
2. First-degree relative with NF2 and unilateral vestibular schwannomas;
3. First-degree relative with NF2 or unilateral vestibular schwannomas and two among

meningioma, cataract, glioma, neurofibroma, schwannoma, cerebral calcification;
4. Multiple meningiomas and two among unilateral vestibular schwannomas, cataract,

glioma, neurofibroma, schwannoma, and cerebral calcification.

These criteria have been revised many times over the years. Recently, updates have
been made, to distinguish between major and minor criteria and consider genetic anal-
ysis [7]. Specifically, the diagnostic criteria for NF2 have been recently expanded from
the original Manchester criteria to include LZTR1 mutation testing in individuals with
unilateral VS and other schwannomas. Moreover, two further changes were introduced,
including NF2 mutational testing and the insertion of an age limitation of 70 for the devel-
opment of bilateral VS if no other NF2 features are present.

NF2 phenotype severity is difficult to predict, and clinical manifestations appear
variable among patients. Halliday et al. introduced a genetic severity score to predict the
clinical expression of NF2. This score allows the connection of different genetic characteris-
tics to a specific clinical disease presentation. This system consents to the individuation
of tissue mosaicism form, classic and severe disease [8]. Interestingly, the genetic severity
subtype correlated to NF2-related eye disease. Specifically, mutations associated with
severe systemic disease resulted in greater visual morbidity at an earlier age.

To date, ocular pathologic findings of NF2 have been reported in a few retrospective
series. A wide spectrum of ocular manifestations has been recognized to be specifically
linked to NF2. Different clinical manifestations can occur in different age groups. Con-
genital cataracts, optic disc anomalies, and retinal hamartomas are responsible for the
failure of binocular vision development in childhood. In middle-aged patients, a frequent
cause of blindness is optic nerve sheath meningioma. In adulthood, visual functions can be
compromised by ERMs or compression of the optic nerve due to intracranial tumors with
the elevation of intracranial pressure. Visual impairment can also develop due to indirect
NF2 complications, such as third, fourth, or sixth cranial nerve palsy, optic atrophy, or
neurotrophic keratitis secondary to facial palsy [9,10]. This study aims to offer new insights
into ophthalmological and orthoptic findings in patients with NF2 in the context of the
paucity of available literature. We believe this work will raise awareness of this rare disease
possibly leading to earlier diagnosis and assisting clinicians in patient care.

2. Materials and Methods

This single-center, observational, cross-sectional study was conducted at the University
of Rome ‘Sapienza’, Umberto I Hospital, Italy, from June 2020 to February 2022. The
research followed the Tenets of the Declaration of Helsinki, and written informed consent
was obtained from all subjects and from parents in case of minor age. We included
14 consecutive patients between 16 and 78 years of age (mean age: 52 ± 10.1 years) with
a diagnosis of NF2 based on the Manchester criteria [11,12]. NF2 patients were enrolled
at the Regional Reference Centre for Rare Neurocutaneous Diseases of the Umberto I
Hospital. All patients underwent 3-Tesla magnetic resonance imaging (MRI) of the brain,
orbits, and spinal cord with gadolinium to assess the presence of vestibular schwannomas,
schwannomas, and intracranial or spinal meningiomas.

Each subject underwent a detailed ophthalmological examination, including full med-
ical history, measurement of best corrected visual acuity (BCVA) with Snellen’s optometric
chart at 5 m, biomicroscopic examination of the anterior segment, Goldmann applanation
tonometry, indirect fundus biomicroscopy and spectral domain optical coherence tomogra-
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phy (SD-OCT). SD-OCT scans were obtained with the Spectralis OCT (Spectralis Family
Acquisition Module, V 5.1.6.0; Heidelberg Engineering, Heidelberg, Germany) with the
Heidelberg Eye Explorer (V1.6.2.0), whose axial resolution was 3.5 µm and transverse
resolution was approximately 15/20 µm, using both the raster scan protocol (20◦ × 15◦,
19 lines of scan) and the radial scan protocol (20◦, 6 lines of scan), centered on the fovea. The
orthoptic evaluation included inspection of eyes and head, Irvine test, cover–uncover test
and alternate cover test, evaluation of ocular motility, assessment of objective convergence,
and red filter test for diplopia.

3. Results

Demographic and relevant clinical features are listed in Table 1. In our study, the mean
age was 53.1 years (range, 16 to 78 years) and five patients were males (10 eyes).

Table 1. Demographic characteristics, BCVA, and main ocular findings. RE: right eye; LE: left eye.

Patient Sex Age Age at Diagnosis VA RE VA LE NF2-Variant Main Ocular Findings

1 F 55 51 1.00 1.00 Gardner variant Lagophthalmos (LE)

2 F 58 37 0.90 0.80 Gardner variant Epiretinal membrane grade 0,
ptosis (LE), and exotropia

3 F 68 55 1.00 0.90 Gardner variant Ptosis (LE) and exotropia

4 F 48 46 1.00 1.00 Gardner variant Microstrabismus

5 F 63 50 1.00 1.00 Gardner variant Lagophthalmos and superficial
punctate keratitis (RE)

6 F 37 30 0.90 0.90 Gardner variant Cataract (RE), paramacular
epiretinal membrane grade 2

and optic nerve edema (RE and
LE), and exotropia

7 F 62 28 1.00 1.00 Gardner variant -

8 F 78 46 0.63 0.32 Gardner variant Cataract (RE and LE) and
retinal hamartoma (LE)

9 M 52 46 No light
perception

0.50 Gardner variant Corneal pannus and esotropia
(RE) and corneal leukoma (LE)

10 M 59 59 1.00 1.00 Gardner variant Lagophthalmos and superficial
punctate keratitis (LE)

11 M 30 24 1.00 1.00 Gardner variant Epiretinal membrane grade 1
and pseudophakia (RE), corneal
leukoma and cataract (LE), and

Duane syndrome type 1

12 M 73 71 1.00 0.32 Gardner variant Cataract (LE) and
microstrabismus

13 F 44 44 1.00 1.00 Gardner variant Lagophthalmos (RE) and
pseudophakia (LE)

14 M 16 10 1.00 0.03 Wishart variant Cataract (LE), epiretinal
membrane grade 2 (RE and LE),

and microstrabismus

Ophthalmological manifestations were present in almost all patients and ranged
widely from subtle retinal alterations, identified only by SD-OCT, to severe ocular involve-
ment present at birth. The direct examination of ocular adnexa showed lagophthalmos in
four patients (four eyes), eyelid ptosis in two patients (two eyes), and Duane syndrome
type 1 in one patient (Table 2). One patient underwent tarsorrhaphy to treat severe lagoph-
thalmos. In all cases, lagophthalmos was secondary to facial nerve palsy after surgical
asportation of VS. All eyes with lagophthalmos developed exposure keratopathy, with
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reported two patients (two eyes) showing superficial punctate keratitis, two patients (two
eyes) presenting with corneal opacification. One patient (one eye) developed vascularized
corneal opacity due to recurrent infections. (Table 2).

Table 2. Ocular finding after inspection and observation of the anterior segment.

Ocular Findings Number of Patients % Number of Eyes %

Lagophthalmos 4 28.6% 4 14.3%

Ptosis of eyelid 2 14.3% 2 7.1%

Duane syndrome type 1 1 7.1%

Pseudophakia 2 14.3% 2 7.1%

Cataract 5 35.7% 6 21.4%

Superficial punctate keratitis 2 14.3% 2 7.1%

Leukoma 2 14.3% 2 7.1%

Corneal pannus 1 7.1% 1 3.6%

The slit lamp evaluation of the anterior segment highlighted cataracts in five patients
(six eyes). Three of them had posterior subcapsular cataracts, and two showed a cortico-
nuclear type. Two patients aged 30 and 44 years were already pseudophakic. The IOP
values were within the normal reference values in all patients (10–21 mmHg).

Fundus examination revealed the presence of epiretinal membranes in four patients
(six eyes). Specifically, one patient (one eye) presented a grade 0 ERM, one (one eye) had a
grade 1 and the other two (four eyes) had grade 2 ERMs according to the Gass classification
(Figure 1A). Three patients (three eyes) showed the presence of retinal tuft (Figure 1B)
and one patient was diagnosed with unilateral retinal hamartoma. MRI scans revealed no
significant structural abnormality compatible with optic pathway gliomas or optic nerve
sheath meningiomas. In addition MRI showed no signal change in the cranial nerves;
however, one patient presented with bilateral optic nerve edema (Figure 2) associated
with intracranial hypertension secondary to multiple compressive intracranial tumors, in
particular meningiomas (Table 3).

Table 3. Findings on fundus examination.

Ocular Findings Number of Patients % Number of Eyes %

Epiretinal membrane 4 28.6% 6 21.4%

Vitreo retinal Tuft 3 21.4% 3 10.7%

Retinal hamartoma 1 7.1% 1 3.6%

Optic nerve edema 1 7.1% 2 7.1%

The orthoptic evaluation highlighted strabismus in 50% of our sample (seven patients).
In detail, three patients (43%) presented microstrabismus, three patients (43%) exotropia,
and one patient (14%) esotropia (Table 4). Diplopia was not observed in any case, and ac-
cording to the orthoptic examinations, the three cases of exotropia were comitant. Moreover,
one patient (7%) presented bilateral co-contraction of medial and lateral rectus, resulting
in enophthalmos, reduced eyelid rim, and pseudo-ptosis. This clinical presentation was
compatible with the diagnosis of Duane syndrome type 1. Physiological nystagmus in
extreme gaze positions was found in eight patients (57%), three of them were orthophoric,
and the remaining patients had a manifest ocular deviation.



Appl. Sci. 2023, 13, 6304 5 of 10Appl. Sci. 2023, 13, x FOR PEER REVIEW 5 of 11 
 

 

Figure 1. (A): Severe epiretinal membrane in a 16-year-old patient affected by the Wishart variant, 

OCT image. (B): Retinal tuft, OCT image. 

 

Figure 2. Optic disc edema associated with intracranial hypertension, fundus photography, and 

near-infrared image. 

  

Figure 1. (A): Severe epiretinal membrane in a 16-year-old patient affected by the Wishart variant,
OCT image. (B): Retinal tuft, OCT image.

Appl. Sci. 2023, 13, x FOR PEER REVIEW 5 of 11 
 

 

Figure 1. (A): Severe epiretinal membrane in a 16-year-old patient affected by the Wishart variant, 

OCT image. (B): Retinal tuft, OCT image. 

 

Figure 2. Optic disc edema associated with intracranial hypertension, fundus photography, and 

near-infrared image. 

  

Figure 2. Optic disc edema associated with intracranial hypertension, fundus photography, and
near-infrared image.



Appl. Sci. 2023, 13, 6304 6 of 10

Table 4. Quantification of prism diopters in patients presenting strabismus. LCR: light corneal
reflexes, CT: cover test, symm: symmetrical, PD: prism diopters.

Patient LCR Near LCR Distance CT Near CT Distance

2 −8◦ −12◦ −18 PD −25 PD

3 −6◦ −10◦ −15 PD −20 PD

4 symm symm +6 PD +6 PD

6 −20◦ −15◦ −40 DP −35 DP

9 +20◦ +20◦ +40 PD
(Krimsky test)

+40 PD
(Krimsky test)

12 symm symm +7 PD +5 PD

14 symm symm +5 PD +4 PD

4. Discussion

Type 2 neurofibromatosis is a complex, genetically determined pathology with a
variable spectrum of manifestations. Genetical features have been characterized over
time and brought together in a complex genetic severity score, which corresponds to
clinical features. The tissue mosaic form (presumed and confirmed) includes patients
with clinical signs of NF2 not confirmed by blood tests or patients with genetic alterations
detectable only in specific tissues. The classic form includes mild and moderate NF2 clinical
expression, with typical mutation identified in blood cells. The severe forms imply the
presence of specific full truncating mutations involving exons 2–13, leading to aggressive
phenotypes [8]. Age of diagnosis, age of onset, and the number of intracranial tumors,
and mutation type remain the three major predictive factors of mortality in NF2 patients.
Missense mutations have been linked to a lower risk of mortality. Moreover, clinical
manifestations are more variable in patients with splice-site mutations [13]. In more than
half of the cases, the most frequent symptoms at presentation are related to a vestibular
schwannoma of the VIII cranial nerve. Spinal tumors are diagnosed in about 90% of
patients, especially meningiomas in about 50% of patients [14].

The mild form of the disease (Gardner variant) occurs mainly with hearing loss
(vestibular schwannoma) and presents a slower course and better prognosis than the severe
early-onset form (Wishart variant). In the severe form, the ocular manifestations identified
in childhood can lead to an early diagnosis of the disease as they often precede the other
systemic manifestations. In the mild form, since the life expectancy of patients is 79 years
(46 years in the severe form), the early identification of ocular manifestations is fundamental
for preserving good visual function with targeted interventions [8].

In type 2 neurofibromatosis, the ocular involvement is frequent. In 2006, Bosch first
classified the ocular features of the disease into NF2-specific and NF2-associated. In the
NF2-specific group, he included posterior and cortical subcapsular/capsular cataracts (67%
of patients), epiretinal membranes (40% of patients), retinal hamartomas (3% of patients),
gliomas of the optic disc (13% of patients), and optic nerve meningiomas (27% of patients).
In the NF2-associated group disc edema, optic atrophy, motility disorder, pupil dysfunction,
lid dysfunction, reduced corneal sensation, exophthalmos, and exposure or neurotrophic
keratopathy are included. The manifestations inserted in the latter group are caused by
direct or indirect damage to the nervous structures determined by tumors [9].

Most recruited patients (13 out of 14) had late onset of symptoms (>20 years), corre-
sponding to the mild form of the disease (Gardner variant). Among our cohort, the severe
early onset form was identified in a single 16-year-old patient, who presented ERMs and
subcapsular cataract, typically associated with the severe form.

In our study, in accordance with Bosch et al. the most frequently reported sign was
cataract [9], which remains the only ophthalmological finding included among the NF2
diagnostic criteria [11].
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Specifically, five of our patients (35.7%) presentedcataract, and two patients (14.3%)
already underwent cataract surgery, amounting to seven patients (50%). Considering the
young age of five of these seven patients, the development of cataract in their case can be
plausibly attributed to NF2. We can underline that these patients presented a posterior
subcapsular cataract, which is the form most frequently associated with the disease [15].
The other two patients with cataracts were, respectively 73 and 78 years old and the age
of onset was not clear from the history, therefore it cannot be safely stated that the lens
opacities in these patients are caused by NF2 or senile age.

Epiretinal membranes were the second most common sign in our sample after cataracts
(28.6% of patients). ERMs in NF2 patients, at OCT evaluation, have atypical and distinctive
characteristics, such as edges that project anteriorly into the vitreous despite an incomplete
posterior vitreous detachment, a lack of cystoid macular edema, and an irregular and
partially absent ILM [16]. These features distinguish it from idiopathic ERM or membranes
associated with other diseases [16–18]. Histopathological studies highlighted that these
abnormalities consist mainly of a mixture of Muller cells and astrocytes [19], supporting
the hypothesis that ERMs represent hamartomas composed of Muller cells and justifying
their morphological appearance [16]. OCT is the most sensitive method for studying this
type of lesion and has allowed us to detect forms of various degrees: one of grade 0, one of
grade 1, and four of grade 2 (macular pucker), according to the Gass classification [20]. Two
young patients with macular pucker, aged 16 and 37, also showed subcapsular cataracts.
The 16-year-old patient, as previously mentioned, was affected by a severe form of NF2.
This observation agrees with several authors who showed a direct relationship between
the prevalence of NF2-specific eye findings, the age of onset, and the severity of the genetic
defect [8,9].

Another relevant finding detected in 21.4% of our patients were retinal tufts. This
percentage appears to be inferior when compared with the recent literature. In a case–
control study, Emmanouil et al. reported retinal tufts as the most common abnormalities of
the central retina in 23 patients (43%), principally observed in patients with a severe form
and not seen in controls, therefore showing a positive predictive value of 100% [21]. This
difference can be explained because most of our patients have a mild form of the disease,
as mentioned above.

Interestingly, Waisberg et al. reported the presence of choroidal abnormalities in NF2
patients. Choroidal abnormalities, visible as multiple, bright, patchy nodules in near-
infrared reflectance (NIR) OCT, have recently been added to the revised diagnostic criteria
for neurofibromatosis type 1 based on their high specificity and sensitivity [22]. In our sam-
ple, we have not found compatible lesions. Further studies on choroidal characterization in
NF2 are needed [23,24].

As already mentioned, other ocular manifestations associated with NF2 are pa-
pilledema, optic atrophy, neurotrophic keratopathy, corneal keratitis and opacity, and
ocular and eyelid motility disorders [9]. Among the non-specific ocular manifestations in
our patients, we found changes affecting the cornea, eyelids, extrinsic muscles of the eye,
and the optic nerve.

We highlighted eyelid ptosis in two patients (14.3%), lagophthalmos in four patients
(28.6%), and strabismus in seven patients (50%). Eyelid ptosis is reported by Egan and
other authors as a secondary manifestation of NF2, resulting from hypofunction of the
oculomotor nerve [25]. Lagophthalmos is generally linked to post-surgical facial paralysis,
following the removal of acoustic schwannomas. [9] This clinical feature was observed in
our patients as a consequence of post-surgical VII nerve paralysis.

Corneal involvement was characterized by superficial punctate keratitis (two patients
14.3%), corneal leukoma (two patients 14.3%), and corneal pannus (one patient 7.1%).
A post-surgical lagophthalmos, due to the removal of acoustic nerve neurinomas, was
responsible for all these clinical conditions, as the incomplete closure of the eyelid rim
determined corneal epithelial suffering.
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One of our patients presented papilledema, due to increased intracranial pressure
(7.1%). Bosch et al. described in their paper a 30% prevalence of optic disk edema, mostly
caused by intracranial tumors or optic disk sheath meningiomas. The lowering of intracra-
nial pressure, thanks to the surgical removal of cancerous masses, is not always sufficient
to revert the progressive optic neuropathy. In these cases, patients can develop optic disk
atrophy with irreversible loss of vision [9]. In the literature, papilledema is described
in a small percentage of NF2 patients (<10%). The most frequent cerebral neoplasms as-
sociated with swelling of the optic disk are tumors in the posterior fossa, cranial nerve
schwannomas, or large supratentorial meningiomas [26]. Our patient was diagnosed with
multiple intra and extra-axial large and recurrent meningiomas, which required numerous
surgical procedures.

Among our cohort, we also identified one case of retinal hamartoma (7.1%) in a
patient with a moderate form of NF2. The lesion had a nasal peripapillary localization
and was observable both during the fundoscopic examination and by OCT imaging. In
the literature, retinal hamartomas have been reported with a variable frequency of 6–22%
in NF2 patients [27]. These findings can be observed at the fundoscopic examination as
whitish lesions, often involving the juxta papillary or macular area. OCT images are helpful
to better characterize the extension and depth of such lesions. Retinal hamartomas are not
specifically linked to NF2 but can be observed in other phakomatoses as well. Moreover,
the prevalence of retinal hamartomas is higher in severe forms of NF2, often leading to a
diagnosis based on ocular findings [28]. Parry et al. suggested that the presence of retinal
hamartomas can be considered a clinical indicator of intermediate/severe forms of this
pathology [5]. Furthermore, a frequent association between pigment epithelial and retinal
hamartomas has been described [9,29].

Many of the reported manifestations can affect visual acuity. Within our sample, ERMs
showed the greatest impact on BCVA, mainly when the fovea was involved, as we observed
in one of our patients who had a BCVA of 0.03. Other causes of visual impairment in our
NF2 patients were corneal opacities and cataracts.

Regarding ocular motility, in 2008, in a retrospective study, Feucht observed strabismus
in more than half of patients with NF2, mostly determined by cranial nerve palsy (III-IV-
VI) [30]. In the available literature, many studies identified ocular motility disorders in
NF2 patients. Painter et al. retrospectively reviewed 83 patients affected by genetically
characterized NF2. They diagnosed partial third nerve palsy in three children with severe
mutation. Neuroimaging confirmed a third nerve schwannoma in all cases. Moreover, one
patient developed a partial fourth nerve palsy [10]. Feucht et al. carried out a retrospective
study of 73 NF2 patients. Different kinds of ocular motility disorders were identified in 52%
of patients. About 22% of these patients presented cranial nerve palsy, due, in most cases,
to intracranial tumors, and 26% showed concomitant strabismus, mainly horizontal [30].
Reggae et al. conducted a cross-sectional study on 49 NF2 patients, identifying oculomotor
and abducens nerve palsy in six patients and concomitant strabismus in three patients [31].
Egan et al. identified monocular elevator paresis in four patients out of 29 affected by NF2,
with dysfunction of both the superior rectus and inferior oblique muscles [25].

Barrett et al. described in a case report a two-year-old patient with recurrent third
nerve palsy associated with schwannoma of the subarachnoid portion of the right third
nerve [32]. Sokwala et al. described the case of a 21-year-old NF2 patient with a superior
oblique muscle palsy associated with a sphenoid wing meningioma extended into the
orbit [33].

The frequency of strabismus in our group was 50%, (three with microstrabismus, three
with exotropia, and one with esotropia). The three cases of exotropia we described showed
characteristics of comitant strabismus and were most likely attributable to a decompensated
intermittent exotropia. Feucht et al. [30] reported comitant types associated with NF2 in 19
(50%) out of 38 cases of strabismus. The patient presenting with esotropia was affected by
corneal pannus in the same eye with a visual acuity of no light perception. In this case, a
plausible etiology could be a sensory deprivation.
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5. Conclusions

This study describes ocular manifestations associated with NF2, confirming what was
reported by other authors [19,30,31,34]. Our study showed cataracts, including posterior
subcapsular cataracts and cortical wedge cataracts, as the most common ocular findings
in NF2, followed by ERMs and retinal hamartomas, and emphasized the role of SD-
OCT for the identification of subtle retinal lesions. Furthermore, the ophthalmological
examination needs to be integrated with an orthoptic evaluation due to the high frequency
of strabismus in NF2. The main limitation of our study is the small number of patients
recruited, due to the rare occurrence of the disease. In the multidisciplinary team, the
role of the ophthalmologist is strategic since it is well-reported that ophthalmological
manifestations usually precede typical neurological symptoms in the pediatric population,
thus making their exact recognition challenging for an early diagnosis and timely treatment.
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