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CLINICAL CHARACTERISTICS OF OCCULT
MACULAR DYSTROPHY IN FAMILY WITH
MUTATION OF RPILI1 GENE

KAZUSHIGE TSUNODA, MD, PuD,* TOMOAKI USUI, MD, PuD,{i TETSUHISA HATASE, MD, PuD,t
SATOSHI YAMAI MD,§ KAORU FUJINAMI, MD,* GEN HANAZONO, MD, PuD,*

KEI SHINODA, MD, PuD,*| HISAO OHDE, MD, PuD,** MASAKAZU AKAHORI, PuD,*

TAKESHI IWATA, PuD,* YOZO MIYAKE, MD, PHD*{{

Purpose: To report the clinical characteristics of occult macular dystrophy (OMD) in
members of one family with a mutation of the RP7L7 gene.

Methods: Fourteen members with a p.Arg45Trp mutation in the RPTLT gene were
examined. The visual acuity, visual fields, fundus photographs, fluorescein angiograms, full-field
electroretinograms, multifocal electroretinograms, and optical coherence tomographic images
were examined. The clinical symptoms and signs and course of the disease were documented.

Results: All the members with the RP7L7 mutation except one woman had ocular
symptoms and signs of OMD. The fundus was normal in all the patients during the entire
follow-up period except in one patient with diabetic retinopathy. Optical coherence tomog-
raphy detected the early morphologic abnormalities both in the photoreceptor inner/outer
segment line and cone outer segment tip line. However, the multifocal electroretinograms

were more reliable in detecting minimal macular dysfunction at an early stage of OMD.

Conclusion: The abnormalities in the multifocal electroretinograms and optical
coherence tomography observed in the OMD patients of different durations strongly
support the contribution of RP7LT mutation to the presence of this disease.
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ccult macular dystrophy (OMD) was first

described by Miyake et al' to be a hereditary mac-
ular dystrophy without visible fundus abnormalities.
Patients with OMD are characterized by a progressive
decrease of visual acuity with normal-appearing fundus
and normal fluorescein angiograms (FA). The important
signs of OMD are normal full-field electroretinograms
(ERGs) but abnormal focal macular ERGs and mul-
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tifocal electroretinograms (mfERGs) also exist. These
findings indicated that the retinal dysfunction was con-
fined to the macula.'™ Optical coherence tomography
(OCT) showed structural changes in the outer nuclear
and photoreceptor 1ayers.6'11

Recently, we found that dominant mutations in the
RPILI gene were responsible for OMD.'? The RPILI
gene was originally cloned as a gene derived from
common ancestors as a retinitis pigmentosa 1 (RPI)
gene, which is responsible for 5-10% of autosomal
dominant retinitis pigmentosa worldwide, on the same
Chromosome 8.7 A number of attempts have been
made to identify mutations in RPIL] in various retini-
tis pigmentosa patients with no success. An immuno-
histochemical study on cynomolgus monkeys showed
that RP1L1 was expressed in rod and cone photorecep-
tors, and RPILI is thought to play important roles in
the morphogenesis of the photoreceptors.'*® Hetero-
zygous RPILI knockout mice were reported to be
normal, whereas homozygous knockout mice develop
subtle retinal degeneration.18 However, the RP1L1
protein has a very low degree of overall sequence
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identity (39%) between humans and mice compared
with the average values of sequence similarity ob-
served between humans and mice proteins. The results
of linkage studies have strongly supported the contri-
bution of RPJLI mutations to the presence of this
disease,'? but the function of RPILI in the human
retina has not been completely determined.

A large number of cases of OMD have been
reported'%'%; however, we did not always find the
same mutations in sporadic cases or in small families,
which had less than three affected members. This led
us to hypothesize that several independent mutations
can lead to the phenotype of OMD, that is, OMD is not
a single disease caused by a specific gene mutation,
but may represent different diseases with similar reti-
nal dysfunctions.

Thus, the aim of this study was to determine the
characteristics of OMD by investigating the pheno-
types of patients with the RPILJ mutation from a sin-
gle Japanese family.

Patients and Methods

We investigated 19 members from a single Japanese
family. A homozygous mutation, p.Arg45Trp in the
RPILI gene, was confirmed in 14 members,12 and 13
of the 14 were diagnosed with OMD. Among the 14
members with a mutation in the RPILI gene, 11 were
followed-up at the Niigata University in Niigata,
Japan. The other three were examined at the National
Institute of Sensory Organs in Tokyo, Japan. Each
member had a complete ophthalmic examination
including best-corrected visual acuity (BCVA), refrac-
tion, perimetry, fundus photography, FA, full-field
ERGs,20 meRGs,ZI and OCT. The visual fields were
determined by Goldmann perimetry or by Humphrey
Visual Field Analyzer (Model 750i; Carl Zeiss Meditec,
Inc, Dublin, CA). The SITA Standard strategy was used
with the 30-2 program or the 10-2 program for the
Humphrey Visual Field Analyzer.

Electroretinograms were used to assess the retinal
function under both scotopic and photopic conditions.*
Full-field ERGs were recorded using the International
Society of Clinical Electrophysiology and Vision stan-
dard protocol. Multifactorial electroretinograms were
recorded with the Visual Evoked Response Imaging
System (VERIS science 4.1; EDI, San Mateo, CA). A
Burian—Allen bipolar contact lens electrode was used to
record the mfERGs. The visual stimuli consisted of
61 or 103 hexagonal elements with an overall subtense
of approximately 60°. The luminance of each hexa-
gon was independently modulated between black
(3.5 cd/m?) and white (138.0 cd/m?) according to

a binary m-sequence at 75 Hz. The surround lumi-
nance was 70.8 cd/m?.

The OCT images were obtained with a spectral-
domain OCT (HD-OCT; Carl Zeiss Meditec or a 3D-
OCT-1000, Mark II; Topcon) from 21 eyes of 12 cases
in the same pedigree.

The procedures used adhered to the tenets of the
Declaration of Helsinki and were approved by the
Medical Ethics Committee of both the Niigata Uni-
versity and National Institute of Sensory Organs. An
informed consent was received from all the subjects
for the tests.

Results

The findings of 5 generations of 1 family with OMD
are shown in Figure 1. The numbered family members
had the same mutation in RPILI (p.Arg45Trp), and
family members designated with the filled squares or
filled circles were phenotypically diagnosed with
OMD by routine examinations including visual field
tests, FA, mfERGs, and Fourier-domain OCT. Only
Patient 5 (age 60 years) had normal phenotype,
although she had the RP/LI mutation.

The clinical characteristics and the results of ocular
examinations of all the 14 family members with the
RPILI mutation (p.Argd5Trp) are listed in Tables 1
and 2. Family Member #5 was diagnosed as normal
because she had normal mfERGs.

Among the 13 OMD patients (average age at the
final examination, 57.2 = 22.1 years), 12 complained
of disturbances of central vision and 4 complained of
photophobia (Table 1). Patient 1 did not report any
visual disturbances in the right eye as did Patient 6
for both eyes. The visual dysfunction in these eyes was
confirmed by mfERGs. For 13 patients, the age at the
onset of visual difficulties varied from 6 years to 50
years with a mean of 27.3 + 15.1 years.

All the patients were affected in both eyes, and the
onset was the same in the 2 eyes except for Patients 1,
11, 12, and 14. Patient 1 first noticed a decrease in her
visual acuity in her left eye at age 50 years, and she
still did not have any subjective visual disturbances in
her right eye 30 years later. However, a clear decrease
in the mfERGs in the macular area was detected in
both eyes. Patient 11 first noticed a decrease in the
visual acuity in her right eye at age 47 years when the
BCVA was 0.2 in the right eye and 1.2 in the left eye
(Figure 2). Seven years later at age 54 years, she no-
ticed a decrease in the vision in her left eye. Similarly,
Patients 12 and 14 did not report any visual disturban-
ces in their right eyes until 2 (Patient 12) or 8 (Patient
14) years after the onset in their left eyes.




1137

OCCULT MACULAR DYSTROPHY » TSUNODA ET AL

B @ OWMD, phenoptypically confirmed

il Vision abnormality possibly due to OMD, not examined

~* v*  Normal, phenotypicatly confirmed

1 {3 No vision abnormality, not examined I i
(}$ Vision abnormality due to other disease

NS—

Deceased J ; I )L
# _ RP1L1 mutation (+) i it 7z g

? — , ,
; ol \l | l
il gy e @ & B0 A gt Hoet ) e
{ L1 2 3 T 4 I § Vi O b7
,} y i s
TT1LTT] T LL | |
v &b o é.‘é S b6 oo l;"gTa O & o—% & 4 & e .
5 L6 78 9 | To T
§ U
[] T
v o ® o¥e

. |
12 13 14
Fig. 1. Pedigree of a family with OMD. The identification number of the patients is marked beside the symbols. The proband is indicated by an arrow.
The open squares and circles with crosses are the relatives whose visual function was confirmed to be normal by routine examinations including
Humphrey visual field tests, mfERGs, and Fourier-domain OCT. Those designated by hatched squares or circles were reported to have poor vision with
similar severity and onset as the other genetically confirmed OMD patients. One relative marked by an asterisk had unilateral optic atrophy because of

retrobulbar neuritis.

The duration of the continuous decrease in the
BCVA varied from 10 years to 30 years (mean, 15.6
+ 7.7 years) in 16 eyes of 9 adult patients. After this
period, these patients reported that their vision did not
decrease. Patients 2, 3, &, and 14 complained of pho-
tophobia, and the degree of photophobia remained un-
changed after the visual acuity stopped decreasing.
Patients 1, 2, 4, 7, and 9 had additional disturbances
of vision because of senile cataracts, and Patients 2 and
4 had bilateral cataract surgery. The visual disturbances
because of the OMD were still progressing at the last
examination in the left eye of Patient 11 (age 57 years),
and both eyes of Patient 12 (age 20 years), Patient 13
(age 18 years), and Patient 14 (age 28 years).

Different systemic disorders were found in some of
the patients; however, there did not seem to be a specific
disorder, which was common to all of them (Table 1).

In the 16 eyes of 9 patients whose BCVA had
stopped decreasing, the BCVA varied from 0.07 to 0.5
(Table 2). The BCVA of the left eye of Patient 6 was
0.07 because of an untreated senile cataract. If this eye
is excluded, the final BCV As of all the stationary eyes
range from 0.1 to 0.5. Patient 2 had photophobia, and
her BCVA measured by manually presenting Landolt
rings on separate cards under room light was 0.4 in the
right eye and 0.5 in the left eye, which was better than
that measured by a Landolt chart of 0.3 in the right eye
and 0.3 in the left eye with background illumination.

For the 13 patients whose original refractions were
confirmed, 11 of 26 eyes were essentially emmetropic

(<% 0.5 diopters). Both eyes of Patients 1, 3, 4, 6, and
8 and the left eye of Patient 5 were hyperopic (+0.675
to +4.625 diopters). The right eye of Patient 7, the left
eye of Patient 12, and both eyes of Patient 13 were
moderately myopic (—0.625 to —-2.75 diopters). These
results indicate that there is no specific refraction
associated with OMD patients in this family.

The visual fields were determined by Goldmann
perimetry or Humphrey Visual Field Analyzer. All the
patients had a relative central scotoma in both eyes except
for Patient 1 whose right eye was normal by Goldmann
perimetry. In all cases, no other visual field abnormalities
were detected during the entire course of the disease. In
the patients examined shortly after the onset, a relative
central scotoma was not detected by Goldman perimetry
and was confirmed by static perimetry.

The fundus of all except one eye was normal. The
left eye of Patient 9 had background diabetic retinop-
athy. At the first consultation at age 46 years, Patient 9
did not have diabetes, and the funduscopic examina-
tion and FA revealed no macular abnormalities. At the
age 66 years, there were few microaneurysms in the
left macula away from the fovea; however, OCT did
not show any diabetic changes such as macular edema.
The OMD was still the main cause of visual acuity
reduction in this patient.

Six patients consented to FA, and no abnormality
was detected in the entire posterior pole of the eye. Itis
noteworthy that both the fundus and FA of Patient 4
were normal at the age 73 years, which was >50 years



Table 1. Clinical Characteristics of the Family Members With RP1L.1 Mutation (p.Arg45Trp)

Case Age and Gender

Chief
Complaint

Affected
Eye

Age at
Onset (Years)

Duration of
Continuous Decrease
in BCVA (Years)

Duration
After the

Onset (Years)

Systemic
Disorders

1 81, F
2 71, F
3 74, M
4 83, M
5 60, F
6 50, F
7 69, F
8 69, M
9 66, M

10 58, F

11 57, F

12 20, M

13 18, F

14 28, M

Decreased visual acuity
Decreased visual acuity
and photophobia
Decreased visual acuity
and photophobia
Decreased visual acuity

None

None

Decreased visual acuity

Decreased visual acuity
and photophobia

Decreased visual acuity
Decreased visual acuity

Decreased visual acuity Bilateral
Decreased visual acuity Bilateral§

Decreased visual acuity

Decreased visual acuity Bilateraly}

and photophobia

Bilateral*
Bilateral

Bilateral
Bilateral
~t
Bilateral*

Bilateral
Bilateral

Bilateral
Bilateral

Bilateral

50
25

30
20

Unknown

50
28

30
10

47
14

6
18

20
25

10

10

Unknown
10
10

15
30

OD, 10, O8, still progressing
Still progressing
Still progressing
Still progressing

31
46

44

63

Unknown
19
41

36
48
10

6
12
10

Hypertension
Diabetes mellitus since 64 years of age

Hyperlipidemia, angina pectoris

Hypertension, Multiple cerebral
infarction at 73 years of age

Hypertension since 67 years of age, Surgery
for ossification
of the posterior longitudinal
ligament at 45 years of age
Diabetes mellitus since 63 years of age
Rheumatoid arthritis since 46 years
of age, Bronchiectasis since
43 years of age

Atopic dermatitis

*Patient 1 has subjective visual disturbance only in the left eye, and Patient 6 does not have any subjective visual disturbances in both eyes. The visual dysfunction was confirmed by

mfERG.

1This woman has a mutation in RP1L1, but her visual function was confirmed normal after routine examinations including mfERG.

1This patient noticed visual disturbance only in the right eye at 47 years of age. The visual disturbance in the left eye was first noticed at 54 years of age.
§This patient noticed visual disturbance only in the left eye at 14 years of age. The visual disturbance in the right eye was first noticed at 16 years of age.
| This patient noticed visual disturbance only in the left eye at 18 years of age. The visual disturbance in OD was first noticed at 26 years of age.
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Table 2. Results of Ocular Examinations of the Family Members With RP1L1 Mutation

Relative
Amplitude in
mfERG at Fovea

Age ; o : * Visual Fundus Full-Field (Ring 1/Ring 5 or Other Ocular
and BCVA at Final Visit Refraction (D) Field Appearance FA ERG Ring 6)t Disorders
Case Gender OD oS oD os

1 81, F 1.2 0.1 +4.25 +4.625  Relative Normal, OU Normal, OU NE 2.34, 0D, 0.60, Senile
central oS cataract, OU
scotoma,

(O]

2 71, F 0.4 0.5 Unknownt Unknownt Relative Normal, OU NE NE Not measurable, Cataract
central ou surgery, OS
scotoma, at 58 years
ou of age, OD

at 69 years
of age,
Ptosis, OU

3 74, M 0.2 0.3 +2.875 +3.375  Relative Normal, OU NE NE Not measurable, Laser
central ou peripheral
scotoma, iridotomy,
ou OU at 73

years of age

4 83, M 0.2 0.2 +1.0 +1.625  Relative Normal, OU Normal, OU Normal i{ISCEV Not measurable, Cataract
central standard surgery, OU
scotoma, protocol ERG, at 80 years
ou of age

5 60, F 1.2 1.2 -0.25 +0.876  Normal, OU Normal, OU NE NE 4.24, OD, NE, —

(¢S]

6 50, F 1.2 1.2 +1.0 +1.0 Relative Normal, QU NE NE 2.74, OD, 2.23, —
central 0S8
scotoma,
ou

7 69, F 0.1§ 0.07§ -0.625 +0.25 Relative Normal, OU NE Normal ISCEV Not measurable, Senile
central standard cataract,
scotoma, protocol ERG, ou
ou ou

8 69, M 0.1 0.1 +1.125 +0.675  Relative Normal, OU NE Normal ISCEV 1.01, OD, 1.30, e
central standard oS
scotoma, protocol ERG,
ou ou

TV L3 VAONNSL « AHJOYISAd ¥VINDVI L1INDD0

6SIT



Table 2. (Continued)

Relative
Amplitude in
mfERG at Fovea

Age : it : " Visual Fundus Full-Field (Ring 1/Ring 5 or Other Ocular
ang BCVA at Final Visit Refraction () Field Appearance FA ERG Ring &) Disorders
Case Gender OD 0os ob 0s
9 66, M 0.2 0.3 +0.125 +0.125  Relative Normal, OD Normal, Normal mixed 1.21, OD1.59, Senile
central Background ou rod-cone oS cataract,
scotoma,  diabetic responses, ou
ou retinopathy with ou
microaneurysm,
0s

10 58, F 0.1 0.1 +0.5 +0.375  Relative Normal, OU NE Normal cone Not measurable, —
central responses, OU
scotoma,
ou

ih! 57, F 0.1 0.4 +0.5 0.0 Relative Normal, OU Normal, Normal ISCEV Not measurable, -
central ou standard ou
scotoma, protocol ERG,
ou ou

12 20, M 0.3 0.3 -0.375 -0.75 Relative Normal, QU Normal, Normal ISCEV 0.98, OD1.03, —
central ou standard (O]
scotoma, protocol ERG,
ou ou

13 18, F 0.2 0.15 -1.6251 -2.759] Relative Normal, OU Normal, Normal ISCEV Not measurable, —
central ou standard ou
scotoma, protocol ERG,
ou

14 28, M 1.0 0.6 -0.25 -0.25 Relative Normal, OU NE Normal ISCEV 1.63, OD, 0.66, —
central standard 0s
scotoma, protocol ERG,
ou ou

D, diopter; ISCEV, International Society of Clinical Electrophysiology and Vision; NE, not examined.
*Spherical equivalents at the initial visit.
1The responses of Ring 1 were extinguished and the N1-P1 amplitudes were not measurable in Cases 2, 3, 4, 7, 10, 11, and 13.
1This patient had already undergone cataract surgeries for both eyes at the initial visit, and no data could be obtained about the original refraction.

§This patient’s visual acuity was reduced also by senile cataract.

{IThe refraction of this patient was measured after instillation of cycloplegics.
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Fig. 2. Results of ocular examination of Patient 11. The data in (A) to (E) were collected 3 years after the onset of the visual disturbance at age 50 years. At
this time, the patient had not noticed a decrease in the visual acuity in her left eye. The BCVA was 0.1 in the right eye and 1.2 in the right eye. A, and B.
Fundus photographs and FAs showing no abnormal findings. C. Static visual field test (Humphrey Visual Field Analyzer, 10-2) showing relative central
scotoma in both eyes. D. Full-field rod, mixed rod-cone, cone ERGs, and 30-Hz flicker responses. All the responses are normal in both eyes. E. Trace arrays
of mfERGs tested with 103 hexagonal stimuli shown without spatial averaging. The responses of the central locus are extinguished in both eyes.

after the onset. This patient first noticed visual distur-
bances at age 20 years and was diagnosed with OMD
at age 73 years. The appearance of the macula and
optic disk at age 83 years was still normal >60 years
after the onset of the symptoms.

Rod, mixed rod-cone, and cone full-field ERGs
were recorded from 7 patients using the International
Society of Clinical Electrophysiology and Vision stan-
dard protocol, and all of them showed normal rod and
cone responses as in the representative case shown in
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Figure 2. Only the mixed rod-cone responses were
recorded from Patient 9, and only the cone responses
were recorded from Patient 10, and these responses
were also normal.

The amplitudes of the mfERGs were reduced in the
central region of both eyes in all the 13 patients. We
quantified the relative mfERG responses at the fovea
by dividing the N1-P1 amplitudes of the central ring
(Ring 1) by those in the outermost eccentric ring (Ring
5 in cases of 61 stimuli and Ring 6 in cases of 103
stimuli) in 13 OMD patients and 1 normal family mem-
ber (Case 5) with the RPILI mutation (Table 2).4
Among the 26 eyes of the 13 OMD patients, the N1-
P1 amplitudes of the central locus were measurable in
12 eyes in 6 cases tested with the 61 stimuli. The ratio
of the amplitudes of Ring 1/Ring 5 in these OMD
patients ranged from 0.60 to 2.74 (average of normals:
4.34 + 0.67, n = 20). In 6 eyes tested with 61 stimuli
and all the 8 eyes tested with 103 stimuli, the responses
in the central locus were extinguished and the ampli-
tudes were not measurable (see examples in Figure
2E). The ratio of the amplitudes of Ring 1/Ring 5 in
a normal family member (Case 5, right eye) was 4.24,
which was within the normal range.

The results of routine ocular examinations in Patient
11 at the age 50 years, when she did not have any visual
disturbances in her left eye, are shown in Figure 2. The
BCVA was 0.1 in the right eye and 1.2 in the left eye.
The fundus and FA were normal in both eyes. Hum-
phrey visual field tests (SITA Standard and pattern
deviation 10-2) showed a relative central scotoma in
both eyes. The full-field rod, mixed rod—cone, cone,
and 30-Hz flicker ERGs were normal in both eyes.
The mfERGs were reduced in and around the region
of the central scotoma in both eyes. The Humphrey
visual field test (30-2) did not detect a central scotoma
in either eye (data not shown). The findings in the left
eye of this patient are typical of the early stage of the
OMD, where the dysfunction of the foveal region could
be clearly detected in the mfERGs even though the
subjective visual disturbance was almost undetectable.

Spectral-domain OCT images were recorded from 11
family members with the RP/LI mutation. The outer
retinal structure was considered to be normal when the
external limiting membrane, photoreceptor inner/outer
segment (IS/OS) line, cone outer segment tip (COST)
line, and retinal pigment epithelium (RPE) were clearly
detected in the OCT images (Figure 3A).'"*3

The OCT images of 5 representative OMD patients
are aligned in the order of years after the onset in
Figure 3B. The right eye of Case 1, which had elec-
trophysiologically confirmed macular dysfunction but
did not have subjective visual disturbances, showed
a normal IS/OS line and COST line but only at the

foveal center (asterisk in Figure 3B, (©). However, in
the parafoveal region, the IS/OS line was blurred and
the COST line could not be observed (arrowheads in
Figure 3B, @).

In the right eye of Case 11, the OCT images which
were taken 10 years after the onset showed that the IS/
OS line at the fovea was very blurred and thick but not
disrupted. The COST line could not be observed in the
macular area. In the perimacular region that had
normal visual function, all the outer retinal structures
were seen to be normal (Figure 3B, @). Similar find-
ings were observed in the left eye of Case 1 and the
right eye of Case 8 (Figure 3B, @ and @).

In the right eye of Case 4, which was examined
63 years after the onset, the IS/OS line was disrupted at
the fovea. The COST line could not be observed in the
macula but was still visible in the perimacular region. The
external limiting membrane and RPE could be observed
to be normal over the entire region (Figure 3B, ®).

The OCT images of 2 sporadic cases of OMD
without the RPILIJ mutation are shown in Figure 3C.
Both patients had a progressive central scotoma with
normal-appearing fundus and normal FA. The full-
field ERGs were normal but the focal macular ERGs
elicited with a 10° spot were not recordable. Their
OCT images, however, were not similar to those in
patients with RPIL] mutation; the IS/OS line could
be clearly observed at the fovea (Figure 3C, (Dand
@), and the COST line could also be observed at
the fovea, although it was slightly more blurred than
in the normal cases. There was a minute disruption of
the IS/OS line at the foveola in 1 case (asterisk in
Figure 3C, @).

The OCT findings in 21 eyes of 11 cases with the
RPILI mutation are summarized in Table 3. The ex-
amined eyes are listed in the order of years after the
onset. Case 5, who was diagnosed as not having the
typical characteristics of OMD, had completely normal
retinal structures. In the case of OMD without subjec-
tive visual disturbances, the COST line and IS/OS line
were normally observed only at the very center of the
fovea (Case 1, right eye, Figure 3B, D). In other
affected cases, the COST line was not present and
the IS/OS line appeared blurred in the entire fovea
(Cases 14, right eye to 8). In patients with longer
duration OMD, the IS/OS line was disrupted or not
present as in Cases 2 and 4.

The retinal thickness at the foveola was measured as
the distance from the internal limiting membrane to the
inner border of the RPE. Considering the variation in
the thickness in normals, we classified that the retina at
the foveola was abnormally thin when the thickness
was <160 um. All the affected eyes with disease
duration =12 years had normal foveal thickness (right
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A Normal, RP1L1 mutation (-) (22 y/o woman, OS)

B oMD, RP1L1 mutation (+)
@ No subjective visual disturbance (Case 1, OD)

@ 10 yrs after the onset (Case 11, OD)

® 26 yrs after the onset (Case 1, OS)

@ 41 yrs after the onset (Case 8, OD)

® 63 yrs after the onset (Case 4, OD)

C oMD, Sporadic, RP1L1 mutation {-)
@ 66-year-old female patient

@ 55-year-old male patient

ELM
1S/0S
COST —%
RPE

Fig. 3. Optical coherence tomography images horizontally profiled along the foveola (left) and magnified images in the fovea and the perimacular
region (right). Outer retinal structures, such as external limiting membrane (ELM), photoreceptor IS/OS line, COST line, and RPE, are indicated by
arrows. The foveal center is indicated by an asterisk. All the OCT images were taken with the HD-OCT (Car] Zeiss). A. Optical coherence tomography
image of a normal control without the RP7LJ mutation (22-year-old woman). All the outer retinal structures, for example, external limiting membrane,
IS/0S line, COST line, and RPE, are clearly observed both in the fovea and the perimacular region. B. Optical coherence tomography images of patients
affected by OMD with the RPILI mutation. . Optical coherence tomography image of the right eye of Case 1, which did not have subjective visual
disturbances. The COST line is present in the foveal center (black arrow), but not in the parafoveal region (arrowheads). The IS/OS line is clearly
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eye of Cases 1 to Casel3), whereas the fovea of all the
affected eyes with durations =20 years were classified
as thin (Case 7 to Case 4).

To determine whether a significant correlation
existed between the results of mfERGs and OCT, the
relative amplitudes of the mfERGs at the fovea (Ring
1/Ring 5 or 6) are listed in Table 3. In cases where the
disease durations was =3 years, the relative amplitude
at the fovea was approximately 1.0 or nonrecordable
because the responses of the central locus were extin-
guished. Only cases with very short durations had
mildly reduced mfERGs in the fovea (2.34 in the right
eye of Case 1 and 1.63 in the right eye of Case 14).

Discussion

Course of OMD Patients with RP1L1 Mutation

Our results confirmed that all the patients with the
RPILI mutation had similar phenotypes; slowly pro-
gressive visual disturbances of both eyes, normal-
appearing fundus, normal FA and full-field ERGs

during the entire course of the disease, selective dys- -

function at the macula detected by focal macular ERGs
and mfERGs, selective abnormality of the photorecep-
tor layer in the macula revealed by OCT, and a final
BCVA not poorer than 0.1. The age at the onset of
OMD was, however, very variable among the family
members and varied from 6 years to 50 years.

Our study also confirmed that there are patients with
OMD who have normal visual acuity and no sub-
jective visual disturbances until the disease progressed
to a more advanced stage. Similar findings have been
reported for other patients with OMD,"*** although
the etiology of these patients was not confirmed by
genetic analyses. For such patients, the function of
the small region in the foveola of these eyes has prob-
ably been spared so that the BCVA was normal. This
was morphologically confirmed by the OCT; in the
right eye of Case 1, the BCVA of which was 1.2,
the OCT image showed that photoreceptor structures
were spared only at the foveal center.

Among the 14 family members with the RPILI
mutation, only Case 5 (60-year-old woman) did not

show any signs of macular dysfunction in both sub-
jective and objective tests. Thus, this woman may be
a carrier of a mutated gene, but we cannot exclude the
possibility that macular dysfunction may appear later.
In our genetic study of 4 other OMD families, 2 broth-
ers (58 and 55 years old) were not diagnosed with
OMD, although both had the RPIL/ mutation
(p.Argd5Trp)."* In all the OMD patients with the
RPILI mutation, the visual dysfunction was detected
no later than 50 years of age.'

Occult macular dystrophy has been reported to be
a slowly progressive disease; however, there were no
patients whose BCVA became worse than 0.1 except
for Patient 7 who had an untreated senile cataract. Our
results confirmed that once the BCVA is reduced to
0.1 to 0.2, the disease becomes stationary and both the
subjective and objective visual functions do not
deteriorate thereafter. Similarly, in 3 other families
with the RPILI mutation, the final BCVA was not
worse than 0.15 in any member.'?

There was 1 family member (asterisk, Figure 1) who
had a sudden decrease of vision in the left eye at age
49 years, but she was diagnosed with retrobulbar neu-
ritis at the Niigata University. Her vision did not re-
cover after steroid pulse therapy, and the optic disk
gradually became atrophic. The BCVA 1 year later
was 1.2 in the right eye and 0.07 in the left eye. We
concluded that the vision reduction was not related to
the OMD. Nakamura et al*> reported a case of OMD
that had normal-tension glaucoma with abnormal cup-
ping of the optic disk. To date, the relationship
between OMD and optic disk diseases has not been
determined. In our family, the optic disks of all the
OMD patients appeared normal, and OCT did not
show any thinning of the nerve fiber layer or ganglion
cell layer in any of the patients.

Diagnostic Reliabilities of mfERGs and OCT

There were patients, such as Case 6 (both eyes),
Case 1 (right eye), and Case 11 (left eye), with OMD
from an RPILI mutation who did not have any sub-
jective visual disturbances and whose diagnosis were
only confirmed by the electrophysiologic tests. These

Figure 3. (continued) observed at the foveal center (asterisk) but appears blurred in the parafoveal region (arrowheads). @, ®, and®. Optical co-
herence tomography image of the right eye of Case 11, the left eye of Case 1, and the right eye of Case 8, which show typical signs of OMD. The COST
line is not present over the entire macula but is present in the perimacular regions. The IS/OS line is blurred and thick in the fovea. ®. Optical coherence
tomography image (vertical section) of the right eye of Case 4. This image was obtained 63 years after the onset of visual symptoms. The IS/OS line is
disrupted at the fovea. The COST line cannot be seen in the macula but is still visible in the perimacular region. There is an apparent thinning of the
photoreceptor layer at the fovea. C. Optical coherence tomography images of sporadic cases of OMD without the RP/LI mutation. @ and ®. Both
patients had progressive central scotoma with normal-appearing fundus and normal FA. The full-field ERGs were normal but focal macular ERGs
elicited by a 10° spot were not recordable. The IS/OS line could be clearly observed at the fovea in both cases, except in minute disruption at the foveola
in @ (asterisk). The COST line could be observed at the fovea in both cases, although slightly more blurred than in the normal case.




Table 3. Optical Coherence Tomography Findings in 21 Eyes of 11 Family Members with RP1L1 Mutation in the Order of Years After the Onset

OCT Findings at Fovea

Years Blurring Thinning of
After Relative Amplitude  Disappearance  of IS/0S Fovea
the Onset oD/ in mfERG at fovea of COST Junction  Abnormality (Thickness Other
(Years) Case 0s BCVA  (Ring 1/Ring 5 or 6) at fovea at Fovea of RPE <160 pum) Findings
None 5 oD 1.2 4.24 - - - -(217) Not diagnosed as OMD
Unknown 1 oD 1.2 2.34 +* +* - —(200) No subjective visual
disturbance
2 14 ob 1.0 1.63 + + - ~(160)
3 11 0s 04 Not measurable + + - -(168)
6 12 oD 0.3 0.98 + + - ~(174)
0s 0.3 1.03 + + - -(168)
10 14 0s 0.6 0.66 + + - ~(160)
10 11 oD 0.1 Not measurable + + - ~(164)
12 13 oD 0.2 Not measurable + + - —-(181)
0Ss 0.15 Not measurable + + - —(177)
20 7 oD 0.1 Not measurable + + - +(134)
oS 0.07 Not measurable + + - +(142)
31 1 08 0.1 0.60 + + - +(150)
38 10 oD 0.1 Not measurable + + - +(150)
oS 0.1 Not measurable + + - +(153)
41 8 oD 0.1 1.01 + + - +(148)
0s 0.1 1.30 + + - +(148)
46 2 oD 0.4 Not measurable + +t - +(156)
(o) 0.5 Not measurable + +1 - +(154)
63 4 oD 0.2 Not measurable + +t - +(77)
0s 0.2 Not measurable + +1 - +(76)

TV 14 VAONNSL « AHdOYISAd ¥VINDVIA LIND20

*The COST and IS/0S junction were normal only at the foveal center. In the parafovea, the COST could not be observed and the 1S/0OS junction was biurred.
1The 1S/08 junction was disrupted at the fovea.
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findings indicate that mfERGs or focal macular ERGs
are sensitive enough to detect very early macular dys-
function in OMD.

Similarly, OCT could be another sensitive tool for
the detection of early OMD because an abnormality of
the COST line and the IO/OS line in the macula was
observed in all the affected cases. However, we believe
that the mfERG is more sensitive than OCT in detecting
early dysfunctions of the macula in eyes with OMD.
For example, Case 14 was a 28-year-old man whose
BCVA was 1.0 (right eye) and 0.6 (left eye), but his
fundus and visual field tests did not show any differ-
ences between the 2 eyes. He did notice a visual
disturbance in his left eye 8 years before the onset in his
right eye. In the OCT images, both the COST line and
the IS/OS line were similarly affected for both eyes at
the fovea, and the retinal thickness at the fovea was 160
pm in both eyes (Table 3). The mfERGs, on the other
hand, were different in the 2 eyes; the relative amplitude
of mfERG at the fovea (Ring 1/Ring 5) was 1.63 (38.2/
23.5) in his right eye and 0.66 (15.8/23.8) in his left eye
(Table 3). Thus, we believe that both the mfERGs and
OCT can be useful in the diagnosis of OMD, but
mfERGs are more reliable in detecting and evalua-
ting minimal macular dysfunction at the early stage of
the disease. The abnormalities in the OCT, however,
progress slowly and continuously until the late stage,
and thus they may be more useful for following the
long-term progression of OMD.

Roles of RP1L1 Gene and Occurrence of OMD

Our study confirmed that all the affected patients
with RPILI mutation had abnormalities of the photo-
receptor structures; the IS/OS line was very blurred
and thick and the COST line could not be observed
in the macula (Figure 2). But in the perimacular re-
gion, which had normal visual function, all the outer
retinal structures were seen to be normal. During the
whole disease process, neither the external limiting
membrane nor the RPE had any significant changes
and remained normal. In some of sporadic cases of the
OMD, similar abnormalities in the OCT could not be
observed, although localized macular dysfunction was
confirmed electrophysiologically (Figure 3C).

The location of COST line coincided with the
location where the outer segment disks are renewed
in the cones.”>**® The disappearance of the COST line
indicates an early stage of dysfunction of the cone
photoreceptors as has been found in acute zonal occult
outer retinopathy.'' Recently, ultrahigh-resolution
OCT with adaptive optics has revealed that the IS/
OS line corresponds to the ellipsoids of the photore-
ceptor inner segments, which are rich in mitochondria
and play important roles in cellular metabolism.*’

Immunohistochemistry for the RPILI gene in ret-
inal section of cynomolgus monkeys showed that it
was expressed in both the inner and outer segments of
the rod and cone photoreceptors, although the exact
site within the photoreceptor has not been con-
firmed.'? RPILI is believed to play important roles
in the morphogenesis of photoreceptors, and once the
function of RPILI is disrupted by a mutation, both
the electrophysiologic responses and structures of the
photoreceptor can be altered. Cellular dysfunction
because of an RP/LI mutation affects either the inner
or outer segment, or both, of the photoreceptors,
which first becomes apparent as an abnormality of
both the COST line and IS/OS line in the OCT
images.

Considering that the OCT abnormalities in sporadic
cases did not show similar pattern as patients with the
RPIL] mutation, the phenotypically confirmed OMD
surely consists of diseases caused by several indepen-
dent etiologies. In any case, the abnormalities in the
mfERGs and OCT observed in OMD in this family
strongly support the contribution of RP/LJI mutation
to the presence of this disease.

There are still some important questions of the
disease process in OMD that are unsolved. First, why
is only the macular region affected while the peri-
macular region remains intact both functionally and
morphologically even at a very advanced stage?
Second, why do OMD patients have normal fundus
appearance until the end stage, and why does the RPE
remain intact until the end stage when the photorecep-
tor structures are markedly damaged (Figure 3B, ®)?
Fujinami et al*® demonstrated that the fundus auto-
fluorescence images in the macula of OMD patients
are normal, indicating that the RPE is normal. Third,
why does the disease progression stop when the
BCVA decreases to 0.1 to 0.27

These characteristics in the disease process are
peculiar to the OMD and not observed in other
macular dystrophies. More detailed investigations on
the function of RPILI should provide information to
answer these questions.

We suggest that OMD is not a single disease
caused by a specific gene mutation, RPILI, but may
represent different disease entities with similar retinal
dysfunctions. Considering all our findings on OMD,
we can phenotypically define the OMD as a slowly
progressing bilateral dysfunction of the photorecep-
tors located in the macula, not accompanied by either
vascular or RPE damage. The etiology of OMD cases
without the RPILI mutation is now under investiga-
tion with large number of cases and some of them
might be found to be because of other autosomal
recessive mutations.
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Outer Retinal Morphology and Visual Function
in Patients With Idiopathic Epiretinal Membrane

Ken Watanabe, MD; Kazushige Tsunoda, MD, PhD; Yoshinobu Mizuno, MD; Kunihiko Akiyama, MD; Toru Noda, MD

Objective: To determine the relationship between the
morphology of the fovea and visual acuity in patients with
an untreated idiopathic epiretinal membrane (ERM).

Methods: We examined 52 eyes of 45 patients diag-
nosed with an ERM. The morphology of the foveal area was
determined by spectral-domain optical coherence tomog-
raphy. The relationships between the best-corrected vi-
sual acuity (BCVA) and 8 optical coherence tomography
features, central retinal thickness, cone outer segment tip
(COST) line, photoreceptor inner/outer segment (I$/0S)
junction line, foveal bulge of the IS/OS line, external lim-
iting membrane, inner limiting membrane, foveal pit, and
ERM over the foveal center, were evaluated.

Reswlis: Multiple regression analysis showed that in-
tact COST line, IS/OS junction line, and external limit-
ing membrane independently and significantly contrib-

uted to the BCVA. The standardized partial regression
coefficient B was 0.415 for the COST line, 0.287 for the
IS/0S junction line, and 0.247 for the external limiting
membrane. However, the other features, eg, foveal bulge,
inner limiting membrane, foveal pit, and ERM, were not
significantly associated with the BCVA. The central reti-
nal thickness was significantly correlated with the BCVA
(=0.274; P<<.01).

Conclusions: At an early stage of an ERM, only the pho-
toreceptor structures are significantly associated with the
BCVA, and the appearance of the COST line was most
highly associated. Detailed examinations of the photo-
receptor structures using optical coherence tomogra-
phy may help find photoreceptor dysfunction in cases
of idiopathic ERM.

JAMA Ophthalmol. 2013;131(2):172-177
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PTICAL COHERENCE TO-
mography (OCT) is a
useful method of detect-
ing early morphological
changes in retinas af-
fected by various pathological condi-
tions. The correlations between the vi-
sual acuity and the morphological changes
in the retina have been reported for vari-
ous retinal diseases, such as age-related
macular degeneration,! central serous cho-
rioretinopathy,? macular edema,** idio-
pathic macular hole,* and epiretinal mem-
brane (ERM).™®
Retinal traction caused by an ERM leads
to morphological changes of not only the
superficial layers of the retina but also the
entire retina including the photoreceptor
layer. This is important because long-
standing morphological changes can lead
to functional damages and cause meta-
morphopsia and decreased visual acuity.
Spectral-domain OCT (SD-OCT) has
enabled clinicians and investigators to ob-
tain clearer images of the microstructure
of the photoreceptor layer than time-
domain OCT. Several studies have exam-
ined whether significant correlations ex-
ist between macular dysfunction and the
integrity of photoreceptor microstruc-
tures, especially the photoreceptor inner

segment/outer segment (IS/0OS) junction
line, detected by SD-OCT in patients with
an ERM."°

The diagnostic value of determining the
integrity of the IS/OS junction line and the
cone outer segment tip (COST) line by SD-
OCT has been done primarily on dis-
eases of the outer retina, eg, acute zonal
occult outer retinopathy'! and hereditary
macular dystrophies.’>'* However, in eyes
with an ERM, the appearance of the pho-
toreceptor microstructures in the SD-
OCT image can be affected by retinal thick-
ening, subretinal cysts, and the ERM itself.
These alterations lead to a reduction in the
intensity of the laser light reaching the pho-
toreceptor layer. In addition, the clarity of
the SD-OCT images of the outer retina, eg,
the Henle layer, 1S/0OS junction line, and
COST line, is dependent on the inci-
dence angle of the laser beam on the retina,
which would be altered by an ERM.">16
Thus, the diagnostic value of examining
the photoreceptor microstructures by SD-
OCT in eyes with an ERM may not be as
reliable as in cases of acute zonal occult
outer retinopathy and other outer retinal
diseases where the inner retinal altera-
tions do not attenuate the laser energy.

The purpose of this study was to evalu-
ate the relationship between deteriora-
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tion of the best-corrected visual acuity (BCVA) and ab-
normalities of the photoreceptor microstructures in
patients with untreated idiopathic ERM. To accomplish
this, we examined cases with ERM without severely de-
formed inner structures, such as a lamellar hole and large
cystic formations. We classified the abnormalities of the
retina in the SD-OCT images and performed multiple re-
gression analyses to determine which parameter was in-
dependently and significantly associated with the BCVA
in cases of ERM.

RN METHODS ey

This was a retrospective case series performed in the Department
of Ophthalmology, National Tokyo Medical Center, Tokyo, Japan.
After an explanation of the procedures tobe used, an informed con-
sent was received from all of the subjects for the tests. The proce-
dures used adhered to the tenets of the Declaration of Helsinki, and
approval to perform this study was obtained from the review board/
ethics committee of the Tokyo Medical Center.

We examined 52 eyes of 45 patients (20 eyes of 18 men and
32 eyes of 27 women, mean [SD] age, 67.0 [10.0] years) diag-
nosed with an ERM without lamellar holes or apparent cystic
changes in the fovea. The patients were examined between Oc-
tober 2009 and September 2010. The exclusion criteria were
myopia more than 6 diopters, advanced lens opacification, other
ocular disease that could cause visual disturbances, secondary
ERM caused by vascular diseases, uveitis, and retinal detach-
ment. Cases whose OCT images did not have enough signal
intensity for evaluation, ie, average intensity of the SD-OCT sig-
nal was less than 8 of 10, were also excluded.

Spectral-domain OCT (Cirrus HD-OCT, versions 4.5 and
5.1; Carl Zeiss Meditec) was used to obtain tomographic im-
ages of the retina. Following dilation of the pupil, 5 line-scan
images were obtained both horizontally (length, 9.0 mm) and
vertically (Iength, 6.0 mm) across the foveola, with the dis-
tance between each scan line of 0.075 mm. Cases where any of
the scan lines did not pass through the foveola were excluded.

Eight SD-OCT features were evaluated: (1) central retinal
thickness (CRT), (2) COST line, (3) 1S/0S junction line, (4)
bulgelike appearance of the I$/OS junction line at the foveola
(foveal bulge), (5) external limiting membrane (ELM), (6) in-
ternal limiting membrane (ILM), (7) foveal pit, and (8) ERM
formation over the foveal center.

The CRT was defined as the distance between the inner reti-
nal surface and inner surface of the retinal pigment epithe-
lium at the foveola (Figure 1A). It was measured manually
by the built-in scale of the SD-OCT system.

The microstructures within a 500-pm diameter of the fo-
vea (Figure 1A, scale bar) were graded independently by 2 ex-
perienced ophthalmologists (K. W. and K.T.) (Table 1) to be
either normal or abnormal. During this procedure, all the pa-
tients’ information, including the BCVA, was masked to the ex-
aminers. In cases where the gradings were different, discus-
sions were held until both examiners agreed. In earlier studies,
the OCT features were graded into 3 classes, eg, normal ILM,
mild ILM distortion, and severe ILM distortion.””!” We ini-
tially adopted a similar classification; however, we found it con-
fusing especially in distinguishing mildly from severely abnor-
mal structures. We have thus simplified the classification to
normal or abnormal.

The COST line, IS/0S junction line, and ELM were graded
normal when they were seen clearly and appeared continuous
in the foveal region, and they were graded abnormal when they
were blurred, interrupted, or absent. The foveal bulge is an el-
evation of the IS/OS junction line that appears like a dome over

the foveola. We graded it normal when the bulgelike appear-
ance was clearly observed and graded it abnormal when the
bulgelike appearance was not observed and the 1S/0S junc-
tion line appeared flat.

The ILM was graded normal when it looked smooth and flat
at the fovea and was graded abnormal when it looked wrinkled
or distorted. The foveal pit was graded normal when the con-
cave retinal surface was clearly observed at the foveola and graded
abnormal when the foveal surface appeared flat. The ERM was
graded normal when the ERM did not overlap the foveola and
graded abnormal when the ERM was attached over the foveola.

The relationship between these 8 OCT features and the vi-
sual acuity was statistically examined. Statistical analysis was per-
formed using SPSS version 19.0 (SPSS Japan). The visual acuity
was converted to logMAR units for the statistical analyses. Pear-
son correlations were performed to determine the association be-
tween CRT and visual acuity. The Mann-Whitney test was used
to compare the BCVA and CRT between the normal and abnor-
mal groups for each OCT feature. Multiple regression analysis was
performed with BCVA and CRT as the dependent variables and
with the integrities of 7 OCT features as independent variables.
A P value <.05 was considered significant.

— O

We first evaluated the normal fellow eyes of 29 of the 45
patients studied (13 eyes of 13 men and 16 eyes of 16
women; mean [SD] age, 66.0 [8.1] years). For these, all
of the 7 OCT features were judged normal.'®

Two representative cases demonstrating how the OCT
features were judged to be either normal or abnormal are
shown in Figure 1B and C. A horizontal SD-OCT scan
image of the left retina of a 74-year-old man is shown in
Figure 1B. The ELM, foveal bulge, 15/0S junction line,
and COST line were clearly observed and judged to be
normal. An ERM was present over the foveola, and this
was judged to be abnormal. The foveal pit was concave
and judged to be normal. The ILM was partially wrinkled
at the foveola and judged abnormal.

A vertical SD-OCT scan image of the right retina of a
65-year-old woman is shown in Figure 1C. The 1$/0S
junction line and ELM were clearly observed and judged
to be normal. The foveal bulge and COST line could not
be seen at the fovea and were judged abnormal. The ILM
was wrinkled in the parafoveal region; however, the fo-
veal region within 500 wm of the foveola was spared and
judged normal. The foveal pit was judged abnormal be-
cause the fovea was elevated by a tangential traction from
the ERM and the {oveal pit was flattened. An ERM cov-
ered the foveola and was judged abnormal.

The BCVA and CRT of the normal eyes were com-
pared with those of the abnormal groups for each OCT
feature of the 52 cases by Mann-Whitney test (Figure 2).
The BCVA was significantly better in cases when 6 OCT
features were judged to be normal: COST line, IS/OS junc-
tion line, foveal bulge, ELM, foveal pit, and ERM
(Figure 2A). The CRT was significantly thinner in cases
when 5 OCT features were judged to be normal: COST
line, IS/OS junction line, foveal bulge, foveal pit,and ERM
(Figure 2B).

Subsequently, multiple regression analyses were per-
formed to determine the independent predictors of the
BCVA and CRT in eyes with an ERM. The analyses showed
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Figure 1. Optical coherence tomography images. A, Horizontal optical coherence tomography image of the retina of a normal eye with a magnified image showing
the locations of the external limiting membrane (ELM), photoreceptor inner segment/outer segment junction line (1S/0S), cone outer segment tip line (COST),
retinal pigment epithelium (RPE), foveal bulge (asterisk), and central retinal thickness (CRT) (arrow). Scale bar=500 ym. B and C, Classification of 7 features in
spectral-domain optical coherence tomography image in patients with an epiretinal membrane (ERM). A indicates abnormal; ILM, internal fimiting membrane; and

N, normal.

JAMA OPHTHALMOL/VOL 131 (NO. 2), FEB 2013 WWW.JAMAOPHTH.COM
174

©2013 American Medical Association. All rights reserved.

Downloaded From: http://archopht.jamanetwork.com/ by a NATIONAL HOSPITAL ORGANIZATION User on 04/24/2013



Table 1. Classification of OCT Features in the Foveal Region

Classification COST 18/0S Foveal Bulge ELM ILM Foveal Pit ERM

Normal Clear and Clear and Observed Clear and Smooth and flat ~ Observed Foveola is free of
continuous continuous continuous ERM

Abnormal Blurred, Blurred, Not observed Blurred, Wrinkled or Not observed ERM is attached
interrupted, or interrupted, or interrupted, or distorted over foveola
absent absent absent

Abbreviations: COST, cone outer segment tip line; ELM, external limiting membrane; ERM, epiretinal membrane; ILM, internal limiting membrane;
IS/0S, photoreceptor inner segment/outer segment junction line; OCT, optical coherence tomography.
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Figure 2. Comparisons between normal (N) and abnormal (A) eyes for 7 optical coherence tomography features. A, Best-corrected visual acuity (BCVA).
B, Central retinal thickness (CRT). Mann-Whitney test, *P < .05 and 1P < .01. COST indicates cone outer segment tip line; ELM, external limiting membrane;
ERM, epiretinal membrane; ILM, internal limiting membrane; and 1S/0S, inner segment/outer segment junction line.

that the predictive variables for BCVA were COST line
(P < .001), IS/OS junction line (P = .02), and ELM
(P =.03). The standardized partial regression coeffi-
cient B was 0.415 for the COST line, 0.287 for the 1S/0S
junction line, and 0.247 for the ELM (Table 2). On the
other hand, the predictive variables for the CRT were fo-
veal pit (P <.001), ERM (P = .003), and foveal bulge
(P = .04). The standardized partial regression coeffi-
cient B was 0.476 for the foveal pit, 0.337 for the ERM,
and 0.182 for the foveal bulge (Table 3).

The CRT was measured at the foveal centerin 52 cases,
andasignificantly positive correlation was observed between
the CRT and the BCVA (* = 0.274; P < .01) (Figure 3).

B COMMENT By

The relationships between the outer retinal microstruc-
tures determined by SD-OCT and the BCVA have been
reported previously for patients with ERM.™® The de-
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Tahle 2. Multiple Regression Analyses to Determine
the Independent Predictors of the Best-Corrected Visual
Acuity

Standardized Partial
Regression Coefficient (B) P Value
COST 0.415 <.001
18/0S 0.287 .02
ELM 0.247 .03

Abbreviations: COST, cone outer segment tip line; ELM, external limiting
membrane; 1S/0S, photoreceptor inner segment/outer segment junction line.

Table 3. Multiple Regression Analyses to Determine
the Independent Predictors of the Central Retinal Thickness

Standardized Partial

Regression Coefficient (B) P Value
Foveal pit 0.476 <.001
ERM 0.337 .003
Foveal bulge 0.182 .04

Abbreviation: ERM, epiretinal membrane.
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Figure 3. Significant correlation between central retinal thickness (CRT) and
best-corrected visual acuity (BCVA) in 52 eyes. Pearson correlation
coefficient r? was 0.274 (P < .01).

sign of our study was different from these earlier studies
because we evaluated the OCT features only in the fo-
veal region within 500 pm of the center because the vi-
sual acuity is mainly determined by the foveal center. In
addition, we excluded patients who had small lamellar
holes or apparent cystic changes in the fovea, which can
induce optical artifacts and distort the appearances of the
photoreceptor layer in the OCT images.

Multiple regression analyses showed that the integ-
rity of the COST line was most strongly associated with
the BCVA, followed by the IS/OS junction line and the
ELM. On the other hand, the foveal bulge, ILM, foveal
pit, and ERM were not significantly associated with the
BCVA. It has been reported that the integrity of the IS/OS
junction line is significantly associated with the postop-
erative BCVA."® Our results showed that not only the
IS/0S junction but also the COST line were most strongly
associated with the preoperative BCVA (B = 0.415 for

COST line; B = 0.287 for IS/OS junction). Abnormali-
ties of the COST line have been suggested to be an early
sign of photoreceptor dysfunction in eyes with outer reti-
nal disorders.’"'* In cases of ERM, the appearance of the
COST line at the fovea should be carefully examined to
determine if early changes in retinal function might be
present.

In patients with an ERM, the retinal thickening could
affect the appearance of the images of the photoreceptor
layer. Multiple regression analysis showed that abnormali-
ties in the COST line, 1S/OS junction line, and ELM were
not significantly associated with the CRT (Table 2 and
Table 3), although an absence of the foveal pit (P < .001)
and existence of foveal ERM over the foveola (P = .003) were
independently associated with the CRT. These results sug-
gest that the photoreceptor microstructures appeared ab-
normal not because of the reduced laser light through thick-
ened retina but because of real morphological changes. The
abnormality in the inner retinal structures, eg, ILM, fo-
veal pit, and ERM at the foveola, might affect the visual acu-
ity because they would alter the optical characteristics of
the retina. However, the results of multiple regression analy-
sis showed that these inner retinal abnormalities did not
significantly contribute to the BCVA at least in the early
stage of ERM.

The correlations between the 4 highly refractive bands
in the outer retina seen in the SD-OCT images and the
retinal histologic features have been well investi-
gated.’®22! There has been an early consensus on the in-
terpretation of the first and fourth bands in the outer
retina, the innermost band representing the ELM and the
outermost band representing the complex of the retinal
pigment epithelium and Bruch membrane. The second
band was initially thought to arise from the differences
in the refractive index between the inner and outer seg-
ments of the photoreceptor and thus called the photo-
receptor IS/OS junction line. However, Fernandez et al*!
found it to represent the ellipsoids of the photoreceptor
inner segment by ultra high-resolution OCT with adap-
tive optics. The third band has been found to represent
the junction between the cone outer segment and the api-
cal microvillae of the retinal pigment epithelium and is
called the COST line.'** The ellipsoids in the photore-
ceptor inner segments are rich in mitochondria and cru-
cial for the metabolism of the photoreceptors. The cone
outer segments contain the photopigment discs, which
are also important for phototransduction. The strong con-
tributions of the COST and 1S/0OS junction lines to the
BCVA but not to the CRT suggest that both the micro-
structure and function of the photoreceptors were dam-
aged by the ERM.

The OCT abnormalities in the photoreceptor micro-
structures have been reported to be significantly corre-
lated with the loss of visual acuity and visual field in acute
zonal occult outer retinopathy and retinal dystrophies where
the photoreceptors are primarily affected.'"* On the other
hand, the abnormal ERM develops on the surface of the
retina without directly affecting the photoreceptor layer.
The membrane can then cause tangential traction over the
macula, followed by an inward traction toward the vitre-
ous cavity at the foveal pit. Long-standing inward traction
may cause formations of cysts in the outer nuclear layer
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and microstructural changes in the photoreceptor.™32*%

Thus, the etiology of the OCT abnormalities of the pho-
toreceptor layer observed in eyes with an ERM should be
different from that of outer retinal diseases.

Niwa et al** measured focal macular electroretino-
grams (fmERGs) elicited by 15° stimuli in 37 patients with
an ERM and concluded that the inner retinal layer was
predominantly impaired initially and that the visual dys-
function in eyes with ERM may have resulted from macu-
lar edema. They also found that the correlation between
the visual acuity and the degree of amplitude reduction
of the a wave, b wave, and oscillatory potentials was not
significant. However, they reported that the visual acu-
ity largely depended on a very limited region of the fo-
vea, and the stimulated region of 15° in the fmERG was
too large to evaluate the relationship between the BCVA
and fmERGs. In fact, there are patients with macular dys-
trophy who have both good visual acuity and extin-
guished fmERGs." In such patients, the function of a very
small region of the fovea is spared. In cases of ERM, an
inward traction is especially strong in the foveola as shown
in Figure 1B and C, and the outer nuclear layer within
500 pm of the foveola is thicker than in the parafoveal
region. Thus, the results of fmERGs elicited by 15° stimuli
did not necessarily exclude the fact that the photorecep-
tor function was primarily affected by the ERM. Consid-
ering that mechanical traction is extraordinarily severe
in the foveola, the photoreceptor function may be pri-
marily impaired even at the early stage of ERM, leading
to the reduction of the BCVA.

There are reports that the reduction in the visual acu-
ity in eyes with an ERM is due to retinal thickening,®!
and our results also indicated that the thickness of the
outer retina, ie, combined thickness of outer nuclear layer
and photoreceptor layer, was correlated with visual acu-
ity (Figure 3). Together with the results of multiple re-
gression analysis, lunctional damage of the photorecep-
tor due to long-standing inward traction was determined
to be a strong contributor to the visual acuity reduction.
Thus, detailed examinations of the photoreceptor mi-
crostructures in the OCT images may help find early vi-
sual dysfunction in cases of idiopathic ERM.
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