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SUMMARY 

Ne�rofibromatosis 2 (NF2) is an inherited disorder 
characterised primarily by bilateral vestibular schwan
nomas and other central nervous system tumours. 
Individuals with NF2 also have early onset cortical 
and posterior subcapsular or capsular cataract and 
other ocular abnormalities, such as retinal hamartomas. 
Although their diagnostic significance is rarely appre
ciated, the ocular manifestations are often the first sign 
of disease. We describe 5 cases that illustrate the 
diverse ocular manifestations of NF2 

Neurofibromatosis 2 (NF2) is a dominantly inherited 
disorder that predisposes the affected individual to 
bilateral vestibular schwannomas (VSs) and other 
central nervous system (CNS) tumours. The NF2 
gene has been identified on chromosome band 22q12 
and characterised as a putative tumour suppressor 
gene.1-3 In addition to the tumours, individuals with 
NF2 have ocular abnormalities, such as early onset 
cortical cataract or posterior subcapsular-capsular 
cataract (PSCC) ; and, less frequently, retinal hamar
tomas, or ocular motor abnormalities.4-7 

NF2 occurs in mild and severe phenotypes 
differentiated by the presence of associated CNS 
tumours and age of onset.8-10 The presence of retinal 
hamartomas, but not cataract, may be associated 
with an earlier age of onset andlor a more severe 
phenotype.7,10 However, there is no phenotype-to
genotype correlation as specific NF2 mutations have 
not been associated with the presence or absence of 
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ocular abnormalities. Preliminary evidence suggests 
that milder forms of NF2 may be associated with 
missense mutations and specific donor site mutations, 
while the severe phenotype may be associated with 
nonsense mutations, frameshift mutations and spe
cific splice site mutations.ll However, there can be 
phenotypic variability with the same mutationsY ·13 

Due to the clinical variability and relative rarity of 
NF2, the diagnostic criteria continue to evolve.14 
Awareness of the full clinical spectrum of the disease 
is necessary for early diagnosis and optimal manage
ment.14 The following cases illustrate some of the 
most characteristic ocular features of the disease. 

CASE REPORTS 
Case 1 

A 24-year-old man with congenital esotropia and 
optic atrophy presented at 9 years of age with a left 
exotropia and decreased vision in the left eye. At 12 
years he had an occipital scalp lesion removed 
(histology unknown), and was noted to have a single 
cafe-au-lait (CAL) macule. He subsequently devel
oped five additional CALs. At age 18 years he 
underwent strabismus surgery to correct the exotro
pia. Seven months later he developed headaches, 
hearing loss, tinnitus and dizziness, diagnosed as a 
viral illness. An MRI scan 1 year later revealed 
bilateral VSs. The left VS was removed by a 
translabyrinthine approach at age 19 years, with 
subsequent left VII nerve palsy. The right VS was 
removed by a similar approach at age 21 years with 
simultaneous insertion of an auditory brainstem 
implant to obtain sound sensation. He was the 
firstborn child to clinically unaffected parents. On 
physical examination he had six CALs, slurred 
speech, decreased left V and VII nerve function, 
decreased VIII nerve fUnction and a mildly abnormal 
gait. 

Ocular examination revealed visual acuities of 
right eye 20/20, left eye 20/200, not improved with 
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refraction. He had mild left enophthalmos with 2 mm 
left ptosis, a left exotropia of 50 prism dioptres, with 
restricted left extraocular movements and a 5 mm 
dilated and poorly reactive left pupil, consistent with 
a subtotal III nerve paresis. The right extraocular 
movements and pupil responses were normal. Iris 
hamartomas (Sakurai-Lisch nodules) were absent. 
He had bilateral mild posterior subcapsular lens 
opacities with a persistent hyaloid remnant posterior 
to the right lens. In the right fundus he had a small 
retinal hamartoma and a mildly dysplastic optic disc. 
In the left fundus he had extensive epiretinal 
membrane formation with macular hypoplasia and 
ectopia with a full not swollen optic disc, a picture 
possibly consistent with a combined pigment 
e'Q\\.\le\\'d\ 'dn.o. \:etln.'d\ \l'dTI\.'d\:\.aTI\.'d \ C1l"ER\\) (J\�. \). 

Case 2 

This 15-year-old boy was the elder of two sons born 
to 33-year-old clinically unaffected parents. In the 
first few weeks of life he was found to have poor 
vision in his left eye and was also noted to have three 
cutaneous lumps and several small CALs. He was 
diagnosed with neurofibromatosis at age 3 years 
following removal of a cutaneous back lesion. At age 
4 years, preschool vision screening showed decreased 
left visual acuity. The cause was not identified and 
the vision did not improve with occlusion therapy to 
the right eye. At age 8 years he developed a right 
orbital mass and a cranial MRI scan at that time 
additionally revealed bilateral VSs, a left hypoglossal 
nerve tumour and a cranial base meningioma. He 
had headaches and mild imbalance, but no tinnitus or 
symptomatic hearing loss, although he had mildly 

(a) 

increased latencies on audiometric testing. The 
orbital mass (a histologically confirmed schwan
noma) and left VS were both resected at age 10 
years. Subsequently a repeat MRI scan showed 
additional tumours at the cervico-medullary junction, 
right jugular fossa and bilateral V nerve tumours. At 
age 11 years, meningiomas were present in the right 
tuberculum sella-optic foramen region, suprasellar 
cistern and posterior cavernous sinus. At age 12 
years he developed a left brachial plexus mass and a 
tumour on the right hypoglossal nerve. General 
physical examination revealed a large tumour on the 
left side of his neck with overlying pigmentation, two 
CALs, and two large hypo pigmented macules on his 
limbs, several subcutaneous and cutaneous tumours 

an. \\\e \:)'{\c.� a\ \\'\-:, \\'C'{\Q., hc.'C, 't'\'b\\\ �'t'\�\ '(\\\� \\\\\\ 
finger, right elbow and left eyebrow. He had left 
tongue atrophy and unsteady tandem gait. 

Ocular examination showed visual acuities of 20170 
in the right eye and 7/200 in the left eye, corrected 
with right eye -6.50D/+4.50X87°, left eye -18.50D. 
On perimetry he had an enlarged blind spot on the 
right and a small central relative scotoma on the left. 
Colour vision was reduced on the right to 12/15 
Ishihara plates, impossible to test on the left. He had 
reduced right and absent left corneal sensation, and a 
left VII nerve paresis. He had no iris hamartomas. 
He had mild bilateral posterior subcapsular cataracts. 
There was a left afferent pupil defect. He had a small 
pale optic disc on the left with an extensive area of 
thinned retinal pigment epithelium overlying the 
papillomacular bundle, possibly corresponding to a 
combined pigment epithelial and retinal hamartoma. 
He had peripheral retinal degenerative changes, 

(b) 

Fig. 1. Case 1. Fundus appearance. Right optic disc is mildly dysplastic (a). A small retinal hamartoma is present (arrow). The 
left fundus (b) shows an extensive epiretinal membrane with macular ectopia. There is also elevation of the left optic disc. 
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Fig. 2. Case 2. Fundus appearance of right eye (aJ showing peripheral retinal hamartoma (arrow) and the left eye (b) showing 
pigment epithelial abnormality and epiretinal membrane in a highly myopic eye which developed a retinal detachment. 

several small tears and an early retinal detachment in 
the left eye. In the right eye he had a small retinal 
hamartoma with a normal optic disc (Fig. 2). 

Case 3 
A 59-year-old woman with NF2 had mild blurring of 
vision in the left eye. Her mother, maternal aunt and 
maternal grandmother had a history suggestive of 
NF2. The patient developed a right VS at age 28 
years, presenting with tinnitus and sudden onset of 
hearing loss. The tumour was removed at age 32 
years. At age 44 years she developed a left VS 
treated by a left middle fossa decompression. She 
developed another left VS at age 47 years treated by 
removal and an auditory brainstem implant was 
inserted. Ten years later she developed a sudden VII 
nerve palsy due to a facial nerve tumour. At age 58 
years she developed a malignant tumour in the oral 
cavity (histology unknown). 

The patient developed left exposure keratitis and 
neurotropic keratitis following the removal of the left 
VS, for which she received a gold weight implant in 
the left upper lid. She had also undergone left 
cataract extraction with intraocular lens implant at 
age 52 years and a right cataract was diagnosed at 
age 56 years. Physical examination did not reveal 
cutaneous tumours or CALs. A mild right hemipar
esis was present. 

Ocular examination revealed corrected visual 
acuities of 20/25 in both eyes. She had a unilateral 
VII nerve weakness with poor lid closure. She had 
normal fields, colour vision and extraocular move-

ments, absent corneal sensation in both eyes and a 
mild left ptosis due to the gold weight implant in the 
upper lid. There were no iris hamartomas. She was 
pseudophakic in the right eye and had mild spoke
like cortical lens opacities in the left eye. Fundus 
examination showed a pallorous optic disc on the left 
eye and a tilted optic disc on the right with a 
peripapillary astrocytic hamartoma (Fig. 3). Multiple, 
subtle, small hypopigmented areas in the choroidal 
layer were scattered throughout both fundi. 

Case 4 
This 25-year-old man was diagnosed with NF2 follow
ing an MRI scan that revealed bilateral VSs and 
cervical tumours. Since age 12 years he had had 
blurring of vision in his left eye and horizontal and 
vertical diplopia on left gaze. For several years prior to 
presentation he had suffered from headaches, and mild 
loss of hearing in the right ear, and for the previous 2 
years, tinnitus and unsteady gait. He had a small 
subcutaneous tumour, histology unknown, removed 
from his left ear. There was no family history of NF2. 
The general physical examination was normal. 

Ocular examination showed visual acuities of 20/25 
unaided in the right eye and 20/40 with -1.25/ 
+0.50x30° in the left eye. There was a small tumour 
on the left upper lid. He had a left hypertropia of 20 
prism dioptres and exotropia of 12 prism dioptres in 
primary position. His extraocular movements 
revealed a pupil-involving left inferior branch oculo
motor palsy. He had no nystagmus. Corneal sensa
tion was reduced on both sides. There were no iris 
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(a) 

hamartomas. He had a mild posterior capsular lens 
opacity on the right and a moderate posterior 
capsular plaque-like lens opacity on the left (Fig. 
4). He had a series of flat retinal holes with lattice 
degeneration in the periphery of both retinae, with a 
small operculated tear with a surrounding cuff of 
subretinal fluid superiorly in the left eye. There was 
no posterior vitreous detachment. 

Case 5 

This 37-year-old man had a history of progressive 
right ptosis for 15 years, associated with progressive 

(a) 

(b) 

Fig. 3. Case 3. Colour (a) and fluorescein angiogram 
appearance (b) of the right fundus, showing mild masking 
of underlying fluorescence by the peripapillary hamartoma 
(arrows). (Detail published in Ragge et a1.7) 

downward deviation of the right eye over the 
previous 4 years. He had also noticed clouding of 
his vision more on the right side than the left for the 
previous 2 years. He had a spinal tumour operated 
on at age 7 years. He developed progressive hearing 
loss bilaterally at age 10 years from bilateral VSs. 
Three operations for removal of left VSs were 
performed at ages 24, 28 and 32 years. A right VS 
was also removed, but subsequently recurred. He 
had a left posterior fossa meningioma resected at age 
30 years, a right posterior fossa meningioma resected 
at age 34 years and a left parasagittal meningioma 

(b) 
Fig. 4. Slit lamp views of cataracts showing early posterior subcapsular lens opacity in the right eye (a) and moderate 
posterior subcapsular lens opacity in the left eye (b). 
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Fig. 5. Case 5. The nine positions of gaze demonstrating 
downward deviation of the right eye and right superior 
division III nerve palsy. 

resected 1 year later. He had a tumour removed from 
his skull vertex at age 35 years and back surgery for 
tumours at ages 33 and 36 years. Other lesions 
present on CT scan included extensive falx menin
gioma, cavernous sinus meningioma, recurrent right 
VS, C3 and C5 spinal canal tumours, a left brachial 
plexus mass, a pseudo aneurysm of the left axillary 
artery, and paraspinal masses in the high cervical 
level and at T10. Physical examination showed five 
cutaneous tumours, spinal scoliosis, bilateral VII 
nerve paresis, cerebellar dysfunction and a sensori
motor neuropathy of C7. His father became deaf for 
unknown reasons at age 38 years and died at age 44 
years from a vascular event. His mother was well at 
age 56 years. He has two brothers with hearing 
difficulties and one healthy brother. 

Ocular examination showed corrected visual acui
ties of right eye 20170 with -1.001+ 1.00x 10°, left eye 
20/40 with +1.001+0.50X10. He had a total right 
ptosis, with right hypo tropia. Extraocular movements 
were normal on the left, but severely restricted on 
the right with inability to elevate the right eye to 
primary position, implying a superior division of III 
nerve palsy with inferior rectus fibrosis (Fig. 5). His 
pupil responses were normal. He had full fields and 
normal colour vision. He had absent corneal sensa
tion on the right, reduced on the left. He had no iris 
h.amartomas. On the left he had an off-axis posterior 
cortical lens opacity, but no lens opacity on the righ. 
Dilated fundus examination was normal. 

DISCUSSION 

These cases illustrate many of the characteristic 
ocular features of NF2. Cataracts are the most 
frequent ocular abnormality (e.g. PSCC in patients 
1, 2 and 4). In two large patient series, Parry et al.lO 
found cataracts (PSCC and cortical) in 81 % of 
patients; Ragge et aC found cataracts in 69% of 
patients. Retinal hamartomas occur less frequently 
than cataracts. Parry et al.lO and Ragge et aU found 
retinal hamartomas in 8% and 22% of patients, 
respectively. In the latter series, juvenile onset ocular 
motor abnormalities, as seen in patients 1, 4 and 5, 
affected 12 % of NF2 patients.15 Two of the cases 

N. K. RAGGE ET AL. 

reported here had retinal tears; one was associated 
with high myopia and pigment epithelial abnorm
ality, but the other had no associated risk factors, 
suggesting a possible link between early retinal 
degeneration and NF2. 

Other ocular abnormalities occur more rarely in 
NF2 and include combined pigment epithelial and 
retinal hamartomas (CPERH),7.16-18 optic disc glio-

19 20 . . 
1 b 5 7 20 . . 

1 mas,' eplretma mem ranes,' . conJunctlva 
neurofibroma,1·21,22 retinal haemangiomas,23 and 
choroidal hamartomas?4 Optic nerve sheath menin
giomas have been described both in case 
reports5,25.26 and in a population study that found 
the prevalence to be 4.1% overall and 8.6% in 
patients with the severe phenotype.9 As in these case 
reports, most patients with NF21ack iris hamartomas, 
in contrast to individuals with NF1.4.27 Although not 
absolute,5.7.24,28 this finding, together with the pre
sence of cataract, provides an important diagnostic 
tool for differentiating NF2 from NF1.15 

Presymptomatic diagnosis of NF2 is possible using 
DNA markers and mutation analysis.29.3o However, 
linked DNA markers can only be used in at-risk 
members of multigeneration families, and mutation 
analysis cannot detect all mutations. Therefore, 
clinical signs and symptoms will remain important 
in diagnosis, particularly for sporadic cases. Parry et 
al.lO found that the initial manifestation of NF2 in 
44.4% of patients was related to VSs (hearing loss, 
tinnitus plus hearing loss, imbalance); 22.2% had 
symptoms related to other CNS tumours; 12.7% had 
vision loss or diplopia; and 7.9% were asymptomatic. 
While ocular symptoms were the initial manifestation 
in a minority of cases, it is important to note that the 
mean age of onset of ocular symptoms was 5.6 years, 
compared with 14.1, 20.6 and 25.7 years for 
symptoms related to skin abnormalities, other CNS 
tumours and VS, respectively. Thus, attention to 
ocular symptoms can be crucial in early detection of 
NF2. For example, patient 2 in this study had poor 
vision at birth and was diagnosed at age 3 years. 
Ragge et al. 7 found that the first presenting symptom 
was ocular in 10% of NF2 patients. 

These cases also illustrate phenotypic variability in 
NF2. Parry et at.l0 defined mild and severe pheno
types by age of onset (;:;=: 20 years vs < 20 years, 
respectively), number of other intracranial tumours 
« 2 vs ;:;=: 2, respectively) and spinal tumours (absent 
vs present, respectively). Parry et al.lO also proposed 
that hamartomas could be used to distinguish 
another severe phenotype. Patients 1 and 2 had 
hamartomas and did have a severe phenotype. 
However, patient 3 had a mild phenotype including 
diagnosis at age 28 years, one other intracranial 
tumour, no spinal tumours and a slow clinical course. 
Thus, the presence of hamartomas is not an absolute 
correlate of severe phenotype in NF2. 
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Many of the ocular findings in NF2 are rare in the 
general population, distinctive in appearance and 
often present early in life. No data are available for 
the likelihood of NF2 in the presence of an isolated 
finding of, say, a CPERH, or a posterior capsular 
cataract in a child. The majority of adults with 
isolated CPERH do not have NF2. However, NF2 
patients with CPERH are often new mutations and 
have more severe disease and are more likely to 
present in childhood (D. R. G. Evans, personal 
communication). On the other hand an isolated 
posterior capsular cataract in a child is a less specific 
sign and would be more likely to occur in the more 
typical, familial cases of NF2 (D. R. G. Evans, 
personal communication). The presence of any of 
these unusual ocular signs, but especially CPERH, 
should arouse a high level of suspicion and should 
prompt a search for neurological, auditory and 
dermatological signs, and an inquiry into family 
history. If any of these are positive, this would be 
highly suggestive of NF2 and screening for VSs needs 
to be considered. If all are negative, it would be 
prudent to follow these individuals, at least on a 
yearly basis, in a paediatric neurology or genetics 
clinic until a tim� when they could be considered 
negative for NF2. Clearly once a highly sensitive 
genetic test becomes available, many of the uncer
tainties concerning screening will disappear and 
resources can be concentrated on those individuals 
with the disease. 

In addition to retinoblastoma, ocular abnormal
ities are found in several tumour suppressor gene 
syndromes such as NFl/s von Hippel-Lindau 
disease31 and familial adenoma to us polyposis coli?2 
However, the neurofibromatoses are especially 
noteworthy given the presence of developmental 
ocular abnormalities in addition to the tumours. The 
NFl gene product, neurofibromin, may have 
important roles in various tissues at different 
developmental stages.33 The NF2 gene product, 
schwannomin or merlin, may play more extended 
roles in development of the lens, vitreous and 
retina. 

In summary, these cases illustrate several of the 
most important ocular features of NF2. Ocular 
abnormalities occur in the majority of NF2 patients, 
and because ocular signs can be present in young 
children, the ocular examination may be particularly 
important in early diagnosis. Evidence for the 
association of hamartoma with the severe NF2 
phenotype is suggestive, but requires further defini
tion. The molecular and biochemical pathogenesis of 
ocular abnormalities in NF2 is unknown and requires 
elucidation. The developmental nature of the ocular 
changes suggests that the NF2 gene may play a role 
not only in growth regulation, but also in ocular 
development. 

Presented at the Annual Congress of Ophthalmologists, 
Guernsey, 1994. The cases presented in detail here were 
included in a large survey published in Am J Ophthalmol 
1995;120:634-41. 
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