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CLINICAL SCIENCES

Retinal Morphological Changes of Patients
With X-linked Retinoschisis Evaluated
by Fourier-Domain Optical Coherence Tomography
Christina Gerth, MD; Robert J. Zawadzki, PhD; John S. Werner, PhD; Elise Héon, MD

Objective: To investigate the retinal microstructure and
lamination of patients affected with X-linked retinoschi-
sis (XLRS) using high-resolution imaging modalities.

Methods: Patients diagnosed as having XLRS under-
went assessment. Visual function testing included visual
acuity, color vision, and full-field electroretinography. We
used a high-resolution Fourier-domain optical coher-
ence tomography (FD-OCT) system (4.5-µm axial reso-
lution; 9 frames/s; 1000 A-scans per frame) combined with
a handheld scanner. Macular image evaluation included
schisis localization and retinal layer integrity.

Results: Six patients with XLRS and identified muta-
tions in the XLRS1 gene underwent testing. Visual acu-
ity ranged from 0.2 to 1.6 logMAR (logarithm of the mini-
mum angle of resolution). Results of FD-OCT revealed

foveal schisis extending from the outer to the inner plexi-
form layer in 4 of 6 patients. Bullous foveal schisis was
associated with younger age. All patients showed extra-
foveal schisis within the outer and inner nuclear and gan-
glion cell layer, alone or in combination. Photoreceptor
outer and inner segment layers were disrupted and ir-
regular in all patients.

Conclusions: Retinal dystrophy in XLRS is reflected by
morphological changes within the inner and outer reti-
nal layers. Disturbed foveal photoreceptor integrity was
identified in all patients. Retinal layer abnormalities cor-
related with age but did not appear to correlate with vi-
sual acuity or genotypic variation.

Arch Ophthalmol. 2008;126(6):807-811

C ASES OF RETINOSCHISIS OR

splitting of the retina were
mentioned as early as
1898.1 More than 100
years later, our knowl-

edge about X-linked retinoschisis (XLRS)
incidence, histopathological features, caus-
ative genes, and possible gene-protein in-
teraction has advanced greatly.2 A recent
study by Apushkin et al3 suggested that vi-
sual acuity does not correspond to the size
of cystic areas or retinal thickness as evalu-
ated by time-domain optical coherence to-
mography (OCT). The question of why pa-
tients with XLRS have varying levels of
reduced vision remains unanswered.

X-linked retinoschisis is caused by mu-
tations in the XLRS1 gene (OMIM 312700)
on Xp22 encoding retinoschisin,4 which
is primarily expressed in photoreceptor
and bipolar cells.5,6 In histopathological
studies by Condon et al7 and Mooy et al,8

results from 2 patients aged 18 and 55
years revealed degenerated or absent pho-
toreceptors and an outer nuclear layer re-
placed with amorphous material and fibrils
within the macular schitic area.7,8

Invivomorphologicalstudiesusingtime-
domain OCT have demonstrated schitic

changesinvolvingtheneuroretinallayers.3,9-13

Detailed analyses, however, have been lim-
ited by the image resolution of commercial
time-domain instruments. The purpose of
thepresentstudyusingacustom-built,high-
speed,high-resolutionFourier-domainOCT
(FD-OCT) system was to provide higher-
resolutioncharacterizationoftheretinallayer
abnormalities associated with XLRS. We
identifiedschisisof theretina involvingvari-
ous layers in all patients. Subfoveal photo-
receptorsdemonstratedsignificantstructural
changesthatwerenotidentifiablewithlower-
resolution techniques.

METHODS

SUBJECTS

Patients diagnosed as having XLRS and an iden-
tifiedmutation intheXLRS1genewererecruited
through the Ocular Genetics Clinic at The Hos-
pital for Sick Children in Toronto, Ontario,
Canada. Written informed consent and/or as-
sent was obtained from all participants and/or
their guardians. The project was approved by
the Research Ethics Board at The Hospital for
SickChildrenandthe institutional reviewboard
at the University of California, Davis, and con-
ductedinaccordancewiththeTenetsofHelsinki.

Author Affiliations:
Department of Ophthalmology
and Vision Sciences, The
Hospital for Sick Children and
University of Toronto, Toronto,
Ontario, Canada (Drs Gerth and
Héon); and Vision Science and
Advanced Retinal Imaging
Laboratory, Department of
Ophthalmology and Vision
Science, University of
California, Davis (Drs Zawadzki
and Werner).
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OCULAR FUNCTION AND
MORPHOLOGICAL ASSESSMENT

A comprehensive eye evaluation included best-corrected mon-
ocular distant visual acuity (using the Early Treatment Dia-
betic Retinopathy Study Chart),14 color vision testing (using
Hardy-Rand-Rittler pseudoisochromatic plates with a stan-
dard illumination), full-field electroretinography (ERG) (using
the International Society for Clinical Electrophysiology of Vi-
sion standard),15 and a dilated fundus examination. Molecular
genetic analysis was provided as a clinical service in part by the
Kellogg Eye Center at the University of Michigan, Ann Arbor,
and by GeneDx, Inc, Gaithersburg, Maryland.

FOURIER-DOMAIN OCT

In vivo high-resolution retinal image acquisition was performed
usingahigh-speed,high-resolutionFD-OCT16,17 system(axial reso-
lution, 4.5 µm; acquisition speed, 9 frames/s, 1000 A-scans per
frame) constructed at the University of California, Davis, Medi-
cal Center,18 combined with a sample arm handheld scanner (Bi-
optigen Inc, Durham, North Carolina). Horizontal scans of 6 mm
were obtained through the macular area. After scanning, we pro-
cessed the images as described in detail elsewhere.19,20 Retinal lay-
ers were identified on the basis of previously published data19 and
compared with control data as shown in Figure1. Retinal struc-
ture analysis was performed on at least 3 macular scans through
the fovea of each eye. Each scan was analyzed for schisis loca-
tion within the foveal and extrafoveal area and the integrity of
the photoreceptor inner and outer segment layers. Particular in-
terest was paid to the interface between the cone photoreceptors
and the retinal pigment epithelium (RPE), which creates a vir-
tual membrane owing to a change in refractive index. We have
tentatively labeled this the Verhoeff membrane20 based on light21

and electron22 microscopy findings.

RESULTS

Sixmalepatients,withan identifiedmutation in theXLRS1
geneandranginginage from12to38years,underwent test-
ing (Table). Patients 1 and 3 were siblings. Visual acuity
ranged from 0.20 to 1.60 logMAR. Patient 6 had had nys-
tagmus since early childhood. Red/green and blue/yellow
color vision defects were detected in 3 patients. Fundus
changesincludedmacularschisis(4patients),bluntedmacu-
lar reflex (1patient), atrophicmacular changes (1patient),

and peripheral schisis (2 patients). The ERG responses
showedanabnormalratioofbtoawaves inallpatients(data
not shown). Five of the 6 mutations were located in exon
4 or exon 6, which encodes the discoidin domain. These
mutations resulted in missense substitution23 (the retinos-
chisis database is available at http://www.dmd.nl/rs/). In
patient 6, 1 mutation led to a splicing defect (Table). Vi-
sion function and genotypes are summarized in the Table.

AnalysisoftheFD-OCTscansshowedafovealschisiswith
different morphological findings in 8 of 12 eyes (4 of 6 pa-
tients).Theappearanceof the foveal schisiswasbullousand
symmetrical inallbut1patient(Figure2A).Patient2dem-
onstratedanasymmetricmacularmorphologicalchangewith
laminar and bullous foveal schisis in the right and left eye,
respectively (Figure 2B). The foveal schisis was of varying
size, reaching from the outer to the inner plexiform layers
and including the inner nuclear layer in all 4 patients. Ex-
trafovealschisisinvolvedtheouternuclearlayer,innernuclear
layer, andtheganglioncell layer in theeyeswith foveal schi-
sis (Figure 2A and B). Macular images from 2 patients in
their fourth decade of life revealed a flattened fovea with-
out a foveal schisis, but with a smaller extrafoveal schisis
within the inner nuclear layer only (Figure 2C). Photore-
ceptors were present, although the inner and outer seg-
ment layer demonstrated irregularity or thinning in all pa-
tients. The Verhoeff membrane, the interface between cone
photoreceptors and the RPE, was identifiable within the
extrafoveal location in only 1 patient (Figure 2A). None of
thehigh-resolutionimagesdemonstratedtheVerhoeffmem-
brane in the subfoveal area, suggesting disruption within
the cone photoreceptors and the RPE.

REPORT OF CASES

Two patients representing the clinical variability ob-
served are discussed in further detail.

Patient 1

A boy aged 12 years was diagnosed as having XLRS 1 year
before FD-OCT testing. The patient had been aware of
reduced vision since he was 7 years of age. Clinical di-
agnosis of XLRS was established because of the charac-
teristic fundus appearance with macular schisis, an elec-
tronegative ERG waveform response, and similar findings
in his older brother (patient 3). Diagnosis was con-
firmed by a missense mutation (Pro203Leu) in the XLRS1
gene, which has been reported previously (retinoschisis
database). The FD-OCT horizontal images through the
macula demonstrated a bullous foveal schisis within the
outer nuclear layer. Extrafoveal areas showed a schisis
involving the inner and outer nuclear layers and the gan-
glion cell layer. Photoreceptor inner and outer seg-
ments appeared irregular subfoveally. The Verhoeff mem-
brane was visible in the extrafoveal area but disrupted
subfoveally (Figure 2A).

Patient 5

A patient aged 33 years had been diagnosed as having
macular schisis in childhood. The left eye was treated with
focal cryotherapy for a peripheral retinal tear at 18 years

 ILM/NFL

 RPE/BM

 GCL
 IPL
 INL
 OPL
 ONL
 OLM
 ISL
 CL
 OSL
 VM

Figure 1. A 5-mm horizontal Fourier-domain optical coherence tomography
image obtained through the right macula of a control subject aged 16 years.
CL indicates connecting cilia; GCL, ganglion cell layer; ILM/NFL, internal
limiting membrane/nerve fiber layer; INL, inner nuclear layer; IPL, inner
plexiform layer; ISL, inner segment layer; OLM, outer limiting membrane;
ONL, outer nuclear layer; OPL, outer plexiform layer; OSL, outer segment
layer; RPE/BM, retinal pigment epithelium/Bruch membrane; and VM,
Verhoeff membrane.
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of age. Visual acuity was 0.2 and 0.4 logMAR in the right
and left eyes, respectively. The ERG responses at 31 years
of age showed an electronegative waveform with re-
duced and delayed cone responses in both eyes. Results
of the last fundus examination revealed a flat-appearing
macula with minor RPE changes and extramacular tem-
poral schisis in both eyes. Horizontal scans through the
macula showed areas of schisis within the inner nuclear
layer in the extrafoveal area only. No schisis was evi-
dent within the fovea. The outer and inner nuclear lay-
ers appeared with an irregular structure. The photore-
ceptor inner and outer segment layers were thinner than
in the younger patients. The Verhoeff membrane was not
identifiable in multiple images of both eyes, suggesting
photoreceptor disruption.

COMMENT

In vivo characterization of retinal structures in XLRS was
performed using high-speed, high-resolution FD-OCT, to
our knowledge for the first time. We were able to dem-
onstrate detailed photoreceptor abnormalities in all 6 pa-
tients, which has not been possible previously because of
resolution limitations. Mutations in the XLRS1 gene re-
sult in loss of function in the protein retinoschisin. The
RS1 protein, primarily expressed in photoreceptor and bi-
polar cells, is thought to maintain cell-cell interactions be-
tween photoreceptor synapses and bipolar cells. Curat et
al24 indicated that the highly conserved discoidin domain
within XLRS1 might be essential for collagen binding simi-
lar to “molecular” glue, strengthening adhesions of inner
and outer retinal layers. In vivo images obtained by FD-
OCT are supportive of this theory, with identified schisis
and retinal bridges between schitic areas. Retinoschisis was
evident in 3 retinal layers depending on the macular lo-
cation of the scan and the patient’s age. Younger patients
with visible macular schisis, noted during ophthalmo-
scopic examination, demonstrated schitic changes within

the outer and inner nuclear and ganglion cell layers. In
contrast, images obtained in patients in their fourth de-
cade of life showed clinically flattened or atrophic-
appearing maculae associated with smaller schisis within
fewer retinal layers outside the fovea. These findings are
in agreement with previous clinical descriptions of macu-
lar schisis flattening with age.25,26

Photoreceptor inner and outer segment layers, includ-
ing the Verhoeff membrane, were affected in all patients
tested,whichconfirmprevioushistopathologicalstudies.7,8,27

Retinalhistopathologyofanenucleatedeyefroman18-year-
old patient with complicated retinoschisis revealed split-
ting in the nerve fiber layer, detachment of the inner lim-
iting membrane, and proliferative and degenerative RPE
changes. Photoreceptors and the outer nuclear layer at the
posterior pole showed atrophy. The macular outer plexi-
form and nuclear layers exhibited degenerative changes.8

Using histopathological examination in a 55-year-old pa-
tient with XLRS, Condon et al7 showed macular blending
of the inner and outer nuclear layers with partial oblitera-
tionof theouterplexiformlayer,degeneratedor focally ab-
sent photoreceptors, and focal proliferative and degenera-
tive changes within the RPE layer. Findings similar to our
results and those of histopathological studies are also ob-
servedinmurineXLRS,that is,schisiswithintheinnerretina
uptothenerve fiber layer, retinal layerdisorganizationwith
photoreceptor nuclei reduction, and absence of photore-
ceptorouter segments insomecases.28 Most recentelectron
microscopy data in rs1−/y mice suggest that loss of retinos-
chisin leads to thedisruptionof inner segmentarchitecture
and the displacement and disorganization of photorecep-
tors.29Khanetal30demonstratednormalphotoreceptorfunc-
tion in patients aged 14 to 47 years with XLRS1 mutations.
Whetherchangeswithinthephotoreceptor layers,asshown
in our work and in histopathological studies, are primary
or secondary still needs to be determined.

X-linked retinoschisis is usually diagnosed clinically
on the basis of typical fundus findings associated with

Table. Ocular Phenotype and FD-OCT Findings of Patients Studied

Patient No./
Age, y

XLRS1
Mutation

OD/OS VA,
logMAR

Color
Defectc Fundus Findings

FD-OCT Macular Findings

Foveal
Schisis

Layers Involved in Schisis
Foveal

OSL/ISL
Verhoeff

MembraneFoveal Extrafoveal

1/12a Pro203Leu 0.34/0.42 Normal Macular schisis Bullous IPL to OPL ONL/INL/GCL Irregular Present,
extrafoveal

2/14 Arg200Cys 0.30/0.64 Medium Macular schisis Laminar/bullous IPL to OPL ONL/INL/GCL Irregular Absent
3/15a Pro203Leu 0.88/0.72 Normal Macular schisis Bullous IPL to OPL ONL/INL/GCL Irregular Absent
4/18 Arg213Gln 0.60/0.80 Strong Macular schisis Bullous IPL to OPL ONL/INL/GCL Irregular Absent
5/33 Arg102Tryp 0.20/0.42 Strong Blunt macular

reflex, peripheral
schisis

None . . . INL Thinned Absent

6/38b IVS1-34A→G 1.00/1.60 NA Macular atrophic,
peripheral schisis

None . . . INL Thinned Absent

Abbreviations: FD-OCT, Fourier-domain optical coherence tomography; GCL, ganglion cell layer; INL, inner nuclear layer; IPL, inner plexiform layer; ISL, inner
segment layer; NA, not able to perform test; ONL, outer nuclear layer; OPL, outer plexiform layer; OSL, outer segment layer; VA, visual acuity; XLRS, X-linked
retinoschisis; ellipses, not applicable.

a Indicates siblings.
bPatient had nystagmus.
cRed/green and blue/yellow color discrimination determined by means of Hardy-Rand-Rittler pseudoisochromatic plates using standard illumination.
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stable visual acuity and, quite often, positive family his-
tory. Variable expressivity of XLRS1 with minor visual
acuity changes may delay diagnosis or even lead to mis-
diagnosis. Morphological and functional tests are impor-
tant for properly defining the diagnosis and natural his-
tory. The ERG response with an electronegative waveform
(found in all of our study patients) and the lack of pro-

gression were thought to be pathognomonic for XLRS.
Recent reports of genetically confirmed XLRS without an
electronegative ERG waveform13,31 require additional in-
vestigative tools such as high-resolution imaging tech-
niques to clarify the diagnosis and to determine the lon-
gitudinal disease outcome. Our FD-OCT description
supports previous histopathological studies and proves

 Schisis within

 Schisis within

 Schisis within

 Schisis within

 GCL

 GCL

 RE LE

LE
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 INL
 INL
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Figure 2. Composites of horizontal 6-mm Fourier-domain optical coherence tomography (FD-OCT) images. A, Images from patient 1, aged 12 years (right eye
[RE]), and patient 3, aged 15 years (RE); both patients carry a Pro203Leu mutation on XLRS1. Bullous foveal schisis extends from the outer to the inner plexiform
layer (OPL). Extrafoveal schisis is located within the outer (ONL) and inner nuclear layers (INL) and the ganglion cell layer (GCL). Foveal photoreceptor inner (ISL)
and outer (OSL) segment layers are disrupted in both scans. The Verhoeff membrane (VM) (arrowhead [patient 1]) is visible only extrafoveally. B, Images from the
RE and left eye (LE) of patient 2, aged 14 years, who carries an Arg200Cys mutation on XLRS1. Asymmetry of foveal schisis is evident with laminar schisis (RE)
and bullous schisis (LE) extending from the OPL to the IPL. Extrafoveal schisis is similar to that seen in part A. Subfoveal photoreceptor ISL and OSL are markedly
disrupted (oval). C, Images from patient 5, aged 33 years (RE), who carries an Arg102Tryp mutation on XLRS1, and patient 6, aged 38 years (LE), who carries an
IVS1-34A→G mutation. In both images, the macula shows extrafoveal flattened schisis within the ONL only. More severe photoreceptor ISL and OSL integrity
changes are evident (ovals).
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to be a useful tool in the characterization of the XLRS
phenotype. The OCT findings and ERG responses, to-
gether with the fundus appearance and family history,
are key variables for defining disease progression cor-
rectly and for focusing molecular-genetic diagnostics.

A larger sample size is required to establish the geno-
type-phenotype correlation. One patient carrying a mu-
tation with a possible splicing effect exhibited a more se-
vere phenotype with nystagmus and severely reduced
visual acuity. Retinal morphological changes also indi-
cated a greater extent of photoreceptor layer abnormali-
ties than in the other patients with milder phenotypes.
Functional studies are needed to verify the implication
of this change.

In conclusion, in vivo high-resolution imaging mo-
dalities revealed photoreceptor abnormalities and schi-
sis within the various retinal layers of patients with the
XLRS1 mutation. Further studies with more advanced
imaging techniques such as adaptive optics OCT19 might
give more insight into ultrastructural retinal changes as-
sociated with XLRS1 mutations. Retinal layer character-
ization, in particular photoreceptor abnormalities, in pa-
tients with XLRS will be useful in the design of novel
treatment modalities.32
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