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PURPOSE. Neurofibromatosis type 2 (NF2) is an autosomal-dominant disease, characterized by
bilateral vestibular schwannomas, multiple central nervous system (CNS) tumors, skin
tumors, and juvenile cataract. The present study assessed retinal abnormalities using spectral-
domain optical coherence tomography (SD-OCT) in a case series of NF2 patients.

METHODS. Nine NF2 patients from the neurofibromatosis outpatient reference center of the
Federal University of Minas Gerais, in Brazil, were submitted to a complete anamnesis and a
detailed ophthalmic evaluation, including SD-OCT, to detect retinal lesions.

RESULTS. Of the nine NF2 patients evaluated, five had an early onset (<20 years) of NF2, and
four patients had a late onset (>20 years) of symptoms. SD-OCT scans revealed retinal
abnormalities in every patient with early onset (EOS) and in two patients with late onset
(LOS) of the disease. In the EOS group, SD-OCT scans revealed flame-shaped epiretinal
membranes (ERM) with peculiar characteristics in four eyes of three patients. Two patients
had fine undulations of the inner retinal surface with a subtle ERM. Retinal hamartomas were
present in four eyes of three patients with EOS; in two eyes, they were subclinical and were
detected only by SD-OCT scans. In two patients with LOS and one patient with EOS, SD-OCT
scans revealed retinal tufts of a nerve fiber layer.

CONCLUSIONS. SD-OCT revealed ERM in most patients with NF2, therefore it may be a valuable
exam for evaluating NF2 patients. Epiretinal membranes in NF2 has unique features,
distinguishing it from idiopathic ERM or membranes associated with other diseases. We
suggest that flame-shaped ERM seems to be specific for NF2 and that ERM can be considered
as an important diagnostic sign of NF2.

Keywords: neurofibromatosis type 2, optical coherence tomography, retina, vestibular
schwannoma, epiretinal membrane

Neurofibromatosis comprises at least three distinct disorders
caused by mutations in different genes1 as follows:

neurofibromatosis 1 (NF1) is caused by mutations that
inactivate the neurofibromin gene on chromosome 17q2;
neurofibromatosis 2 (NF2) is caused by inactivating mutations
of the merlin gene on chromosome 22q3,4; and Schwannoma-
tosis, is caused by germline mutations in the SMARCB1 (or
INI1) gene.5

Neurofibromatosis 2 is an autosomal-dominant disease,
which is characterized by bilateral vestibular schwannomas,
multiple central nervous system (CNS) tumors, skin tumors,
and juvenile cataract.6,7 Its estimated incidence lies between 1
in 33,0008 live births and 1 in 87,410 live births.9

The following two clinical subtypes have been proposed: (1)
the severe subtype, or Wishart subtype, which usually presents
an age onset at approximately 20 and are seen to enhance CNS
tumors formations in addition to bilateral vestibular schwan-
noma, exhibiting rapid clinical progression,7,10,11 and (2) the
mild subtype, or Gardner subtype, which often lacks symptoms
within the third decade of the patient’s life, and presents with

few tumors other than vestibular schwannoma, which has a
relatively benign clinical course.7,10,12 Although NF2 is
inherited in an autosomal-dominant manner, approximately
half of the cases in affected individuals are caused by sporadic
mutation, and there is a high rate of mosaicism.13,14

A well-defined spectrum of ocular features is associated with
NF2. Ocular abnormalities associated with NF2 are posterior
subcapsular/capsular or cortical lenticular opacities, RPE
hamartomas, retinal hamartomas, epiretinal membranes
(ERM), paralytic strabismus, and optic nerve sheath meningi-
omas.15–17

Optical coherence tomography (OCT) is a noninvasive
diagnostic technique that renders an in vivo cross-sectional
view of the retina. SD-OCT technology uses infrared light to
produce images of the retina with very high resolution (<7
lm).

Optical coherence tomography and near-infrared reflec-
tance (NIR) have been shown to be valuable tools to evaluate
NF1 patients. Choroidal nodules detected by NIR and SD-OCT
have high specificity as diagnostic indicators of NF1.18,19
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Evaluation of peripapillary RNFL thickness has been proposed
as a noninvasive testing method to detect early signs of optic
pathway gliomas in children with NF1.20,21 There is little
information about OCT in NF2, probably because NF2 is much
rarer than NF1. There should be more studies on the
prevalence, significance, relevance, and impact of ophthalmo-
logic findings on NF2. Epiretinal membranes is a semitranslu-
cent, avascular, fibrocellular membrane on the inner retinal
surface that is caused by proliferating changes at the
vitreoretinal interface. Epiretinal membranes can be idiopathic
or secondary to a wide variety of intraocular conditions.
Idiopathic ERM is most common in patients over the age of
fifty. Epiretinal membranes have been described as an NF2
ocular finding since 1992, and its incidence varies among
authors from 30% to 80%.15,16,22–24 Sisk25 associated ERM with
a severe phenotype of NF2. The gold standard exam for
diagnosing and analyzing ERM is SD-OCT. Schefler26 described
OCT characteristics of ERM in three patients with NF2. This
description reported an ERM with unique features, which were
described as several cell layers thick with curled edges
stretching into the vitreoretinal interface. Considering that
SD-OCT is a noninvasive and easily performed exam, the
present study aims to evaluate retinal abnormalities using SD-
OCT in a group of NF2 patients to characterize the frequency
and relevance of ERM for NF2.

METHODS

Patients

Between February 2014 and June 2015, we evaluated nine
patients with NF2. Patients were clinically examined in a
neurofibromatosis outpatient reference center of the Federal
University of Minas Gerais, Belo Horizonte, Brazil. The NF2
diagnosis was confirmed by neuroimaging. None of the nine
NF2 patients were parentally related. Nine age- and sex-
matching controls with no history of neurologic or ophthal-
mologic disorders were included.

Eye examination was performed in 18 NF2 eyes, and it
included measurement of the visual acuity and biomicroscopy
before and after pupillary dilatation, with special attention to
the presence of iris hamartomas and lens opacities, dilated
fundus examination, color fundus photography, infrared
photography, fundus autofluorescence, and SD-OCT. SD-OCT
was accomplished in 17 NF2 eyes; in one eye, OCT scans were
not performed, due to a dense subcapsular lens opacity.
Optical coherence tomography examinations were performed
by means of Spectralis HRA þ OCT (Heidelberg Eye Explorer
Version 1.9.10.0 – Acquisition Software Version: 6.0.11.0;

Heidelberg Engineering, Heidelberg, Germany). Acquisition
protocols included at least one cross-hair scan, a 208 3 158 19
B-scans macular cube, a 208 3 158 19 B-scans macular cube
with enhanced-depth imaging (EDI) and mode with additional
horizontal and vertical single lines or cube, to cover any lesion
detected by clinical examination or fundus photography.

The study was approved by the ethics committee of the
Clinical Hospital of the Federal University of Minas Gerais and
followed the principles of the Declaration of Helsinki.

OCT Image Analysis

Two trained ophthalmologists independently analyzed the
images for qualitative OCT variables, and quantitative mea-
surements of anatomical features and a senior masked
investigator provided arbitration in cases of disagreement.

The images were evaluated for the presence of ERM, type of
ERM, presence of vitreous macular adhesion (VMA), foveal
deformation, retinal folds or undulations, internal limiting
membrane (ILM) disruption, ellipsoid zone disruption (EZD),
central macular thickness (CMT), and retinal nerve fiber layer
(RNFL) thickness. The inner circle of 1-mm radius of Early
Treatment Diabetic Retinopathy Study map was defined as
CMT.

RESULTS

Demographics

Demographic data are shown in Table 1. The overall delay
between the onset of symptoms and diagnosis of NF2 averaged
6.7 years. Of the nine patients, five had an early onset (EOS) of
NF2 (<20 years), and the delay between the first symptoms
and diagnosis in this group was an average of 7.8 years (range,
1–18 years; Table 1). The initial symptoms of these five patients
were unspecific symptoms, such as convulsion, strabismus,
chest pain, inferior limb paresis, and café au lait spots. Late
onset (LOS) of NF2 (>20 years) was observed in four of nine
patients, and the delay between the first symptoms and
diagnosis averaged 5.5 years (range, 0–14 years). The initial
symptoms of these four patients were also unspecific,
including inferior limbs paresis, facial palsy, facial pain, and
cervical pain.

Specific NF2 Ocular Findings

Neurofibromatosis 2-specific ocular findings were observed in
eight of nine patients, all five patients in the EOS group, and
three in the LOS group. Cataracts were noted in five of nine
patients (3 with EOS and 2 with LOS). Cataracts were visually
impacting four eyes of three patients. One patient in the EOS
group had chronic-appearing retinal detachment and retinal
hamartoma in the right eye. Epiretinal membranes were noted
in all five patients in the EOS group; three patients had thick
ERM with peculiar characteristics on SD-OCT scans, and two
patients had subtle ERM with fine undulations on the inner
retinal surface. Retinal hamartomas were noted in four eyes of
three patients in the EOS group. In both eyes of patient seven
retinal hamartomas were subclinical, detected only by SD-OCT.
All patients with epiretinal membrane and retinal hamartoma
were in the early onset group. Two patients with LOS had
subtle retinal abnormalities that were detected exclusively by
SD-OCT; these abnormalities were small elevations of RNFL
that were compatible with RNFL tufts. Strabismus was noted in
two patients in the EOS group. Patients with an early onset had
more NF2-specific ocular findings (Table 2).

TABLE 1. Patient Demographics

Patient

N8 Sex

Symptom

Duration, y

Age at

Last Visit, y

Delay in

Diagnosis, y

1 M 3 50 0

2 F 3 33 0

3* M 20 28 8

4* M 17 19 15

5* M 8 14 3

6 F 12 37 12

7* F 16 32 1

8* F 6 24 1

9 F 21 48 14

* Patients with early onset.
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Other Ophthalmologic Findings

Nonspecific ophthalmologic findings were detected in four
patients. Exposure keratopathy was found in three patients (2
with EOS and 1 with LOS), caruncula nevus in one patient in
the LOS group, optic disc edema in three eyes of two patients
in the EOS group, and optic nerve atrophy in one eye of a
patient in the EOS group.

Optical Coherence Tomography

Quantitative Analysis. The mean central macular thick-
ness (CMT) was 269 635 lm in control eyes and 311 6 83 lm
in all NF2 eyes. In the EOS eyes, CMT was 352 6 101 lm; in
the LOS eyes, CMT was 268 6 17 lm. The total macular
volume (TMV) was 8.79þ�0.18 mm3 in control eyes and 8.66
þ�0.78 mm3 in all NF2 eyes. In the EOS eyes, the TMV was
8.68þ�1.12 mm3; in the LOS eyes, the TMV was 8.64þ�0.24
mm3. The SD shows great variability in the thickness and
volume measurements in the EOS eyes (Table 3). The mean
peripapillary RNFL thickness in EOS patients was 153 þ�104
lm in the superior sector, 97þ�77 lm in the nasal sector, 170
þ �125 lm in the inferior sector and 64 þ �18 lm in the
temporal sector. In LOS patients the mean peripapillary RNFL
thickness was 144 þ�14 lm in the superior sector, 70 þ�13
lm in the nasal sector, 139þ�12 lm in the inferior sector and
75 þ �8 lm in the temporal sector. The great variability in
peripapillary thickness observed in EOS group was related to
optic nerve atrophy in one eye and optic disc edema in tree
eyes.

Qualitative Analysis. SD-OCT scans revealed retinal
abnormalities in all patients with EOS and in two patients

with LOS. A thick and dense ERM at the macula, with a flame-
shaped appearance extending into the vitreous, was observed
in four eyes of three patients with EOS (Fig. 1). In three eyes
with a flame-shaped ERM, there was loss of foveal contour.
These ERMs were not visually significant, despite the marked
retinal thickening and foveal deformation. Undulations of the
inner retinal surface with a subtle ERM were observed in three
eyes of two patients with EOS (Fig. 2). In two eyes of two
patients with LOS and one eye of a patient with EOS, SD-OCT
scans revealed small focal elevations at the retina surface (Fig.
3). Choroidal abnormalities were detected in two eyes of two
patients with EOS. One eye presented with a palcoid choroidal
nodule and the other eye presented with a localized reduction
in choroidal thickness at the perifoveal region. Qualitative
abnormalities were not observed in control subjects.

The SD-OCT of four retinal hamartomas in four eyes
revealed tumors with different aspects. In both eyes of a
patient, tumors had a highly internally reflective and translu-
cent mass with clear delineation of the external retinal layers
and RPE. These endophytic tumors seem to be confined to the
RNFL and ganglion cell layer (Figs. 4A, 4B). Two hamartomas in
another two patients were associated with ERM on their
surface and displayed retinal disorganization of multiple layers
with disruption of the ellipsoid zone (Figs. 4C, 4D). At the
macula, the ellipsoid zone was preserved in all eyes, the VMA
was present in all eyes, and no eyes presented cystoid macular
edema (Table 3). It is interesting to note that most of the
findings were present in only one eye from each patient; with
the exceptions of patients 7 and 8. The first of these patients
presented bilateral subclinical retinal hamartomas and subtle
ERM with undulations of the inner retinal surface and the

TABLE 2. Incidence of Ocular Specific Findings in Patients With Neurofibromatosis Type 2

Ocular Finding

All 9 Patients Early Onset (n ¼ 5) Late Onset (n ¼ 4)

Eyes Patients % of n ¼ 9 Eyes Patients % of n ¼ 5 Eyes Patients % of n ¼ 4

Cataract 8 5 55.5 6 3 60 2 2 50

ERM 7 5 55.5 7 5 100 0 0 0

Hamartoma 4 3 33.3 4 3 60 0 0 0

Strabismus 2 2 22.2 2 2 40 0 0 0

TABLE 3. Spectral-Domain Optical Coherence Tomography: Features in Neurofibromatosis Type 2 Eyes

Patients CMT TMV Flame-Shaped ERM Subtle ERM RNFL Elevation Retinal Hamartoma EZD VMA

1-OD 253 lm 8.57 mm3 � � � � � þ
1-OS 251 lm 8.75 mm3 � � þ � � þ
2-OD 261 lm 8.32 mm3 � � þ � � þ
2-OS 249 lm 8.33 mm3 � � � � � þ
3-OD RD RD RD RD RD þ RD RD

3-OS 267 lm 7.97 mm3 � þ � � � þ
4-OD CAT CAT CAT CAT CAT CAT CAT CAT

4-OS 555 lm 9.79 mm3 þ � � � � þ
5-OD 443 lm 9.59 mm3 þ � þ � � þ
5-OS 332 lm 9.19 mm3 � � � � � þ
6-OD 286 lm 8.91 mm3 � � � � � þ
6-OS 284 lm 8.95 mm3 � � � � � þ
7-OD 283 lm 6.35 mm3 � þ � þ � þ
7-OS 320 lm 8.75 mm3 � þ � þ � þ
8-OD 364 lm 9.44 mm3 þ � � � � þ
8-OS 257 lm 8.41 mm3 þ � � þ þ þ
9-OD 291 lm 8.77 mm3 � � � � � þ
9-OS 275 lm 8.53 mm3 � � � � � þ

VMA, vitreomacular adhesion; CME, cystoid macula edema; RD, retinal detachment; CAT, cataract.
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second patient was observed to have bilateral flame-shaped
ERM.

DISCUSSION

Neurofibromatosis 2 is a rare disease with a lifelong potential
for unpredictable tumor growth. Early diagnosis and compre-
hensive follow-up are challenging. Most of the ophthalmic
findings in NF2 are probably congenital, but they may become
symptomatic over time.15,27 Ocular NF2-specific findings
usually appear before neurological symptoms and hearing loss;
therefore, they are extremely useful in early diagnosis, allowing
for better planning of therapy in young patients with NF2.27–29

SD-OCT scans revealed retinal abnormalities in seven of
nine patients with NF2. All patients with retinal abnormalities
on SD-OCT had bilateral vestibular schwannomas. It is possible
that the two patients with unilateral vestibular schwannoma
and without retina abnormalities were mosaics, which occurs
in approximately 25% of NF2 patients.13,14 Increase in CMT
found in EOS group was probably due to traction effects of the
ERM in three patients. One patient with EOS presented a
perifoveal hamartoma that caused foveal deformation and

increased in CMT in both eyes. Common features among our
patients included flame-shaped ERM, retinal undulations with a
subtle ERM, focal elevations of RNFL, and retinal hamartomas.
Two of our patient’s lesions were subclinical retinal hamarto-
mas that were only detected by SD-OCT scans. The flame-
shaped appearance on OCT scans of ERM in four eyes of three
patients with an early onset of NF2 were sufficiently distinct,
allowing the establishment of a pattern. Schefler et al.26

described the OCT characteristics of a peculiar ERM in three
NF2 patients with a severe phenotype. In one of the cases
described, the unique OCT findings were the sole reasons the
diagnosis of NF2 was established.

McLaughlin et al.30 described ocular histopathologic find-
ings in a 32-year-old woman who died from NF2 complications.
They found a thin ERM in the right eye consisting of spindled
and cuboidal cells, consistent with a glial origin. In the left eye,
they found a thick ERM consisting of cords that are
predominantly cuboidal cells, which are consistent with Müller
cells and an astrocyte origin. Han et al.31 described the
histologic features of an ERM that was surgically removed in a
2-year-old child. They found a highly cellular membrane with
up to four layers of cells of indeterminate origin and speculated

FIGURE 1. (A) SD-OCT of the right eye of patient 8 showing an ERM with flame-shaped appearance extending to the vitreous. There is mild
disorganization of the internal retinal layers and vitreous partial detachment with VMA. (B) SD-OCT of the left eye showing a flame-shaped ERM with
preservation of the retinal contour and microarchitecture. (C) SD-OCT of the left eye of case 4 showing a several-layer ERM extending into the
vitreous and evident retinal thickening with preservation of the ellipsoid zone. (D) SD-OCT demonstrating a thick ERM with a flame shape
appearance extending into the vitreous, which is similar to case 4. There are folds on the retina surface and marked retinal thickening. The ellipsoid
zone is preserved.

FIGURE 2. (A) SD-OCT of the left eye of patient 3 showing fine undulations on the retinal surface, with preservation of the retinal microarchitecture
and with a subtle ERM. (B) SD-OCT of the left eye of patient 7 showing speculated undulations of the retina surface without an evident ERM. The
ellipsoid zone is preserved. (C) SD-OCT of the right eye of patient 7 showing fine undulations of the retinal surface, similar to patient 3.
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that the NF2 ERM is hamartomatous in origin. Chan et al.32

described the histopathologic and immunohistochemistry
findings of seven NF2 eyes, and they found ERM and retinal
hamartomas in all eyes. They also found retinal tufts arising
from RNFL in four eyes of three patients. Some of our patient’s
images show remarkable similarity to the RNFL tufts found in
histopathologic sections of NF2 eyes that were previously
described by Chan. To the best of our knowledge, this is the
first description of SD-OCT features of such lesions.

Epiretinal membranes associated with NF2 may be directly
related to dysplasic Müller cells. Müller cells are the
predominant glial element of the retina. They provide the
mechanical support to the retina and produce the basement
membrane material that forms the ILM. Experimental models
of cultured sensory retina suggest that Müller cells might
contribute to the development of a cellular membrane in case
of ILM disruption.33 Owing to the abnormal adherens
junctions, Müller cells that have lost their wild-type NF2 allele
may not be able to elongate and establish radial polarity,
leading to epiretinal accumulation.31 Müller cells, like the other
main cell types affected in NF2, are glial cells with epithelial
features, suggesting that this subset of glial cells is particularly
sensitive to NF2 loss. Neurofibromatosis 2 hamartomas result

from mutations in the cytoskeletal protein encoded in the long
arm of chromosome 22, which functions as a tumor
suppressor.34 It has been suggested that NF2-ERM and retinal
hamartomas represent different aspects of the same patholog-
ical process.32 It is possible that the retinal tufts and
undulations of the retinal surface found in some of our patients
are also related to dysplasic Müller cells.

In conclusion, our study showed that SD-OCT depicted
retina and vitreous alterations in most patients with NF2, and it
is a valuable tool for evaluating these patients. Epiretinal
membranes and subclinical hamartomas that are evident on SD-
OCT can be difficult to identify with the fundus exam.
Epiretinal membrane in NF2 has unique features that
distinguish it from idiopathic ERM or membranes associated
with other diseases. Therefore, the detection of this peculiar
ERM in a young patient is very suggestive of NF2. The NF2
diagnostic criteria may be absent at the initial clinical
presentation in children, and it is probably the main reason
for the delayed diagnosis in the NF2 EOS group. Although this
paper reports a small number of patients flame-shaped ERM
appears to be specific for NF2, and its inclusion in the classical
diagnostic criteria could be very useful.

FIGURE 3. (A) SD-OCT of case 2 showing disruption of ILM with a focal elevation of RNFL and preservation of retinal microarchitecture. (B) SD-OCT
of case 1 showing small focal elevations at the left eye fovea. The foveal contour and ellipsoid zone are preserved. (C) SD-OCT of case 5 showing a
small focal elevation of RNFL similar to cases 2 and 1.

FIGURE 4. (A) SD-OCT of the left eye of patient 7, showing a retinal hamartoma involving the RNFL and ganglion layer. External layers and ellipsoid
zone are preserved. (B) SD-OCT of the right eye of patient 7 showing a retinal hamartoma that is similar to the one in the fellow eye. (C) SD-OCT of a
retinal hamartoma with an ERM associated with a detached retina of patient 3. (D) SD-OCT of the left eye of patient 8, showing a retinal hamartoma
with disorganization of the internal and external retinal layers, which is associated with ERM and disruption of the ellipsoid zone.
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