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Table 2. Results of Ocular Examinations of the Family Members With RP1LL1 Mutation
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Age . L . " Visual Fundus Full-Field (Ring 1/Ring 5 or Other Ocular
agd BCVA a Final vlsn Refraction (D) Field Appearance FA ERG Ring 6)t Disorders
Case Gender  OD 0s oD 0s
81, F 1.2 0.1 +4.25 +4.625  Relative Normal, OU Normal, QU NE 2.34, OD, 0.80, Senile
central 0s cataract, QU
scotoma,
(0N
71, F 0.4 0.5 Unknownt Unknownf 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
74, M 0.2 0.3 +2.875 +3.375  Relative Normal, QU NE NE Not measurable, Laser
central ou peripheral
scotoma, iridotomy,
Oou QU at 73
years of age
83, M 0.2 0.2 +1.0 +1.625  Relative Normal, OU Normal, OU Normal ISCEV Not measurable, Cataract
central standard ou surgery, OU
scotoma, protocol ERG, at 80 years
ou ou of age
60, F 1.2 1.2 ~0.25 +0.875  Normal, OU Normal, QU NE NE 4.24, OD, NE, —
0S
50, F 1.2 1.2 +1.0 +1.0 Relative Normal, OU NE NE 2.74, OD, 2,23, —
central 0s
scotoma,
ou :
69, F 0.1§ 0.07§ -0.625 +0.25 Relative Normal, OU NE Normal ISCEV Not measurable, Senile
central standard ou cataract,
scotoma, protocol ERG, ou
Qu Qu
89, M 0.1 0.1 +1.125 +0.675 Relative Normal, OU NE Normal ISCEV 1.01, OD, 1.30, -
central standard 0S
scotoma, protocol ERG,
ou ou

| BIDILE SIUL O UONONDOICS! PEZLIOUINBUN DUl ‘AIBIN0S SUo

o
p=t

H

‘penajod

TV 1H VAONASL « AHJOUISAA YVINDVIN I'INDD0



y WibuAdon

)

plgiiold 81 ejoe SiUL 10 uonanpoIded pezuowneur “ouf ‘AjRI00S suoREoUNWILIOT sueuudO A ©

Table 2. {(Continued)

Full-Field

Relative
Amplitude in
mfERG at Fovea

Age ) . . " Visual Fundus (Ring 1/Ring 5 or Other Ocular
ar?d BCVA at Final Visit Refraction (D) ‘Field Appearance FA ERG Ring 6)T Disorders

Case Gender OD oS oD 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 (O] cataract,
scotoma,  diabetic responses, ou
ou - retinopathy with ou

microaneurysm,
(O] ,

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

11 57, F 0.1 0.4 +0.5 0.0 Relative Normal, QU Normal, Normal ISCEV Not measurable, = —

: central OouU standard ouU . :
scotoma, protocol ERG, ,
ouU ou : :

12 20,M 0.3 0.3 -0.375 -0.75 Relative Normal, QU Normal, Normal ISCEV 0.98, OD1.03, L—
central QU standard os :
scotoma, protocol ERG,
ouU ouU ‘

13 18, F 0.2 0.15 ~1.6259] -2.759 Relative Normal, QU Normal, Normal ISCEV Not measurable, = —
central Oou standard ou i
scotoma, protocol ERG,
ou - ouU S

14 28, M. 1.0 0.6 -0.25 -~0.25 Relative Normal, QU NE Normal ISCEV 1.63, OD, 0.686, —

: central standard 0s
scotorna, protocol ERG,
ou . ou

D, diopter; ISCEV, International Society of Clinical Electrophysiology and Vision
*Spherical equivalents at the initial visit.
~ 1The responses of Ring 1 were extinguished and the N1-P
FThis patient had already undergone cataract surgeries for both e
§This patient’s visual acuity was reduced also by senile cataract.

1The refraction of this patient was measured after instillation of cycloplegics.

; NE, not examined.

1 amplitudes were not measurable in Cases 2, 3, 4, 7, 10, 11, and 13.
yes at the initial visit, and no data could be obtained about the original refraction.
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¥ig. 2. Results of ocular examination of Patient 11. The data 1 (A) to () 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 1n the right eye. A, and B.
Fundus photographs and FAs showing no abnormal findings. C. Static visual field test (Humphrey Visual Field Aunalyzer, 10-2) showing relanve central
scotoma m both eyes. D. Fuli-field rod, mixed rod-cone, cone ERGs, and 30-Hz flicker responses. All the responses are normal in both eyes. E. Trace atrays
of infERGs tested with 103 hexagonal stumuli shown without spatial averaging. The responses of the central locus are extinguished in both eyes.

after the onset. This patient first noticed visual distar-
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

Copyright @ by Ophthaimic Communications Society, Inc. Unauthorized reproduction of this article is prohibited.
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Figure 2. Only the mixed rod—cone. rcsponsc,s were
recorded trom Pment 9, and only the cone responses
we1 corded from Patxent 10 ;md these Lesponses
were dlSO normal. :

The dmphmdes of the meRGs Were reduced in the

(Rmu 1) by those in the outermost eccentric’ nng (ng
5 in cases of 61 stimuli and Ring 6 in cases of 103
stimuli) in 13 OMD patients and ! normal family mem-
ber (Case 5) with the RPILI mutation (Table 2).*
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 amplitndes 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 (sce examples in Figure
2E). The ratio of the amplitudes of Ring 1/Ring 5 in
a normal {amily 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 eyés. The full-field rod, mixed rod—cone, cone,
and 30-Hz flicker ERGs were pormal in both eyes.
The miERGs 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 merabrane, 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). 11,23

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

ﬁimdcular' area. Tn the penmdcular regwn_ that had

“foveal center (astemk in Flgure,?gB @) However, in
_,tlrle pdrdfoveal regm

tlle IS/OS line was blmred dﬂd

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
moacula 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 RPILI mutation are shown in Figare 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, Mand
@), 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, D).

The OCT findings in 21 eyes of 11 cases with the
RPILI mutation are sumunarized 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, @). 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/0OS line was dlsmpted 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
mner 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 pm. All the affected eyes with disease
duration =12 years had normal foveal thickness (right

Copyright © by Ophthalmic Communications Society, Inc. Unauthorized reproduction of this article is prohibited,
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A Normal, RP1L1 mutation {-) (22 y/o woman, OS)

5

B OMD, RPIL1 mutation (+)
@ No subjective visual disturbance (Case 1, OD)

@ 41

C OMD, Sporadic, RP1L1 mutation (-)
@ 66-year-old female patient
—— - ELM

©® 55-year-old male patient

Fig. 3. Optical coherence tomography 1mages horizontally profiled along the foveola (left) and magnihed mmages in the fovea and the perimacular
region (nght). Quter retinal stractures, such as external hmung membrane (ELM), photoreceptor 1S/0S line, COST line, and RPE, we indicated by
arrows. The foveal center is indicated by an asterisk. All the OCT images were taken with the HD-OCT (Cuil Zeiss). A. Optical colierence tomograplhy
image of a normal control without the RPJLJ mutation (22-year-old womnan). All the outer retinal suuctures, for example, external limiting membrane,
18/08 lme, COST lme, and RPE, are clearly observed both i the fovea and the penmacular region. B. Optical coherence tomography images of patients
atfected by OMD with the £P1L1 mutation. @. Optical coherence tomography image of the right eye of Case 1, which did not have subjective visual
distarbances. The COST line 15 present in the foveal center (black arrow), but not in the parafoveal region (arrowheads). The IS/0S line 1s clearly

is article is prohibited,
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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 ﬂgmﬁmnt ‘correlation k~
existed between the results of mfERGs and OCT, the

relative amplitndes 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 appro;umdteiy 1.0 or nonrecordable
because the responses of the central locus were extin-

guished. Only cases with very short duration$ 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 PazientsWith RPILI1 Mutation

Our results confirmed that all the patients with the

RP1LI mutation had similar phenotypes; slowly pro-
gressive visual disturbances of both eyes, normal-

appeating fundus, normal FA and full-field ERGs had a sudden decrease of vision in the left eye at age

during the entire course of the disease, selective dys-
function at the macula detected by focal macular ERGs
and miERGs, selective abnormality of the photorecep-
tor layer in the macula revealed by OCT, and a final

BCVA not poorter than 0.1. The age at the onset of
OMD was, however, very variable among the farmlyg '

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-

; _]eLUVe 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 Lttel.
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 RPILI mutation
(p.Argd5Trp)."* In all the OMD patients with the

RPILI mutation, the visual dysfunctlon was detected

no later than 50 years of age.'

Occuli macular dystrophy has been reportea 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. Qur

- 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 ﬁndl BCVA was not
worse than 0.15 in any member

‘There was 1 family member (asterisk, }*wurc 1) who

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 glancoma 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 RP/LI 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 (amwowheads). @, @, and@. Optical co-
herence tomography image of the nght eye of Case 11, the left eye of Case 1, aud the nght 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/0S hne is blarred and thick in the fovea. ®. Optical coherence
tomography image (vertical section) of the right eye of Case 4. This 1mdge was obtamed 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 15 an apparent thinning of the
photoreceptor layer at the fovea, C. Optical coherence tomography images of sporadic cases of OMD without the RPILI mutation. @ and @ Both
patienis had progressive central scotoma with nonmal-appearing fundus and normal FA. The full-ficJd ERGs were normal but focal macular ERGs
elicited by a 10 spot were not recordable. The IS/08 line could be clearly observed at the fovea in both cases, except m mnute discaption at the foveola
in @ (asterisk). The COST line could be observed at the fovea in both cases, although shghitly more blurred than in the nonnal case.

Copyright © by Ophthalmic Communications Society, Inc. Unauthorized reproduction of this article is prohibited.
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5 Table 3. Optical Coherence Tomography Findings in 21 Eyes of 11 Family Members with RP1L1 Mutation in the Order of Years After the Onset
= ;

6) OCT Findings at Fovea

e Years Blurring Thinning of

= After Relative Amplitude  Disappearance  of IS/0S Fovea

= the Onset o/ in mfERG at fovea of COST Junction  Abriormality (Thickness Other
5 (Years) Case 0s BCVA (Ring 1/Ring 5 or 6} at fovea at Fovea of RPE <160 um) Findings
8 None 5 oD 1.2 4.24 - - - —~217) Not diagnosed as OMD
5 Unknown 1 oD 1.2 2.34 S =" - ~(200) No subjective visual
2 disturbance

o 2 14 oD 1.0 1.63 + + - -(160)

% 3 11 (OS] 0.4 Not measurable + + - —~(168)

& 6 12 oD 0.3 0.98 + + - ~(174)

o 0s 0.3 1.03 + + - -(168)

= 10 14 ON] 0.6 0.66 + + - ~(160)

& 10 11 oD 0.1 Not measurable + + - ~(164)

o 12 13 oD 0.2 Not measurable + + - —(181)

5 0S8 0.15 Not measurable + + - ~(177)

oy 20 7 oD 0.1 Not measurable + + - +(134)

4 0s 0.07 Not measurable + + - +(142)

=, 31 1 0S 0.1 0.60 + + - +(180)

o 38 10 oD 0.1 Not measurable + + - +(150)

o 0S 0.1 Not measurable + + - +(153)

z 41 8 oD 0.1 1.01 + + - +(148)

& 0s 0.1 1.30 + + - +(148)

. 46 2 oD 0.4 Not measurable + +1 - +(156)

5] (O] 0.5 Not measurable. + +T - +(154)

= 63 4 oD 0.2 Not measurable + +1 - +77)

g (ON] 0.2 Not measurable + +T - +(76)

Y *The COST and IS/0S junction were normal only at the foveal center. In the parafovea, the COST could not be observed and the IS/0S junction was blurred.

;ﬁ; 1The IS/0S 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
pam 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 CMD

Our study confirmed that all the affected patients
with RPIL] 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 adapiive 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 RPIL] 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 RPJL] 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 RPIL] 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 (Figuwre 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 RPJLI 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.

Copyright © by Ophthalmic Communications Society, Inc. Unauthorized reproduction of this article is prohibited,
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