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SE JOON WOO, RUIFANG SUI, AND KAORU FUJINAMI, FOR THE EAST ASIA INHERITED RETINAL DISEASE
SOCIETY STUDY GROUP
� PURPOSE: To describe the functional phenotypic fea-
tures of East Asian patients with RP1L1-associated
occult macular dystrophy (ie, Miyake disease).
� DESIGN: An international multicenter retrospective
cohort study.
� METHODS: Twenty-eight participants (53 eyes) with
Miyake disease were enrolled at 3 centers (in Japan,
China, and South Korea). Ophthalmologic examinations
including spectral-domain optical coherence tomography
(SDOCT) and multifocal electroretinogram (mfERG)
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were performed. Patients were classified into 3 functional
groups based on mfERG: Group 1, paracentral dysfunc-
tion with relatively preserved central/peripheral func-
tion; Group 2, homogeneous central dysfunction with
preserved peripheral function; and Group 3, widespread
dysfunction over the recorded area. Three functional
phenotypes were compared in clinical parameters and
SDOCT morphologic classification (severe phenotype,
blurred/flat ellipsoid zone and absence of the interdigita-
tion zone; mild phenotype, preserved ellipsoid zone).
� RESULTS: There were 8 eyes in Group 1, 40 eyes in
Group 2, and 5 eyes in Group 3. The patients in Group
1 showed significantly later onset (P[ .005) and shorter
disease duration (P [ .002), compared with those in
Group 2. All 8 eyes in Group 1 showed the mild morpho-
logic phenotype, while 43 of 45 eyes in Groups 2 and 3
presented the severe phenotype, which identified a signif-
icant association between the functional grouping and the
morphologic classification (P < .001).
� CONCLUSIONS: A spectrum of functional phenotypes
of Miyake disease was first documented with identifica-
tion of 3 functional subtypes. Patients with paracentral
dysfunction had the mildest phenotype, and those with
homogeneous central or widespread dysfunction showed
overlapping clinical findings with severe photoreceptor
changes, suggesting various extents of visual
impairment. (Am J Ophthalmol 2021;221:169–180.
� 2020 The Authors. Published by Elsevier Inc. This
is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.
0/).)

O
CCULT MACULAR DYSTROPHY (OMD; ONLINE

Mendelian Inheritance in Man [OMIM]
613587), first described by Miyake and associates

in 1989, is a type of inherited macular dystrophy character-
ized by progressive visual acuity loss but without visible ab-
normality of the fundus or fluorescein angiogram.1–4

In 2010, causative heterozygous variants in retinitis
pigmentosa 1–like 1 gene (RP1L1, OMIM 608581) were
169LISHED BY ELSEVIER INC.
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first described in 2 families with autosomal dominant
OMD.5,6 Immunohistochemistry showed the expression
of RP1L1 protein by human RP1L1 antibody in the rod
and cone photoreceptors in the macula of Cynomolgus
monkeys (Macaca fascicularis).3,6 RP1L1 is assumed to be
involved in the morphologic and functional maintenance
of photoreceptors in interaction with RP1 to assemble
and stabilize axonemal microtubules in the connecting
cilia, although the detailed function and the exact
disease-causing mechanism are still uncertain owing to
lack of rodent models.3,6 In 2016, it was reported that
RP1L1-associated OMD (ie, Miyake disease) was clinically
distinct from other forms of occult maculopathy and OMD-
like syndromes (also associated with a normal fundus and
macular dysfunction).7

Electrophysiological findings are key to the diagnosis of
OMD. Typical findings include a normal full-field electro-
retinogram (ERG) with abnormal macular function, as
revealed by focal macular ERG, multifocal ERG
(mfERG), or pattern ERG P50 abnormality.1,2,8–13 Local
responses from different regions of the posterior pole
may be obtained with mfERG and this method is
helpful to determine the spatial distribution of posterior
pole dysfunction in OMD.14,15 Previous studies reported
markedly reduced mfERG responses at the fovea,8–10,16

but in relatively few subjects and with limited investiga-
tions using spectral-domain optical coherence tomogra-
phy (SDOCT). More importantly, the recruitment of
specific patients focusing on Miyake disease was not avail-
able owing to a lack of molecular genetic diagnosis, which
is essential to understand the underlying disease
mechanism.

SDOCT provides valuable in vivo information about the
microstructure of photoreceptors in OMD.6,7,13,16–26 There
are 2 microstructural subtypes of occult macular
dysfunction syndrome: a classical type with both blurred
ellipsoid zone (EZ) and absence of the interdigitation
zone (IZ) and a nonclassical type lacking these 2
features.4,7 Most patients with Miyake disease show clas-
sical SDOCT findings. The second group of patients gener-
ally shows a milder structural change than in Miyake
disease, with local IZ absence and relatively preserved
EZ.4 In 2017, 4 patients with this subtle phenotype were re-
ported, showing preserved visual acuity and spared central
foveal photoreceptors19; then the clinical stages of OMD
based on changes of the photoreceptor layers detected by
SDOCT were published.21 However, detailed functional
assessment ofMiyake disease in a large cohort including pa-
tients with various disease severities is still lacking and the
spectrum of functional phenotypes has not been
established.

Therefore, the purpose of this study is to determine the
detailed functional characteristics of Miyake disease based
on a large East Asian patient cohort. This study also pro-
vides the opportunity to investigate the variability of dis-
ease severity by assessing the spatial distribution of
170 AMERICAN JOURNAL OF
functional decline and to study the association between
functional phenotype and morphologic phenotype.
METHODS

� PARTICIPANTS: This study is an international multi-
center retrospective cohort study. The subjects of this study
were recruited from the East Asia Occult Macular Dystro-
phy (EAOMD) Study cohort, which was established by 3
institutions of the East Asia Inherited Retinal Disease So-
ciety (EAIRDs; https://www.eairds.org/): the National
Institute of Sensory Organs (NISO), National Hospital Or-
ganization Tokyo Medical Center, Tokyo, Japan; Peking
Union Medical College Hospital (PUMCH), Beijing,
China; and Seoul National University Bundang Hospital
(SNUBH), Seongnam, South Korea.4 Informed consent
was obtained from all the subjects. The study protocol
adhered to the tenets of the Declaration of Helsinki and
was approved by the ethics committee of the participating
institutions (reference numbers issued by the institutional
review boards: R19-030, NISO; JS-2056, PUMCH; and
B-1105/127-014, SNUBH).
The total EAOMD cohort contains 36 subjects from 21

pedigrees with a clinical diagnosis of OMD who were
recruited between June 2016 and July 2017.4 All the sub-
jects met the diagnostic criteria of Miyake disease: (1) pres-
ence of macular dysfunction; (2) no fundus abnormalities
confirmed by funduscopy; and (3) detection of a heterozy-
gous pathogenic RP1L1 variant.4

� CLINICAL AND GENETIC INVESTIGATIONS: The sub-
jects underwent comprehensive ophthalmic examinations,
including measurement of best-corrected visual acuity
(BCVA) converted to the logarithm of the minimum angle
of resolution (logMAR) unit, fundus photography/fundu-
scopy, SDOCT, and electrophysiological assessments.
The details of the applied equipment and protocols were
described in a previous study.4

According to previous studies, 2 subtypes of SDOCT
morphologic phenotype were applied to describe the struc-
tural changes: (1) severe phenotype (denoted as a classical
phenotype compatible to stage IIa, IIb, IIIa, IIIb), showing
both blurred/flat EZ and absence of IZ; and (2) mild pheno-
type (denoted as subtle morphologic changes compatible to
stage Ia, Ib), defined as minimum/local blurring of EZ and
local absence of IZ.4,21

Blood samples of the subjects were collected for genetic
screening in the 3 institutes. Whole-exome sequencing
with targeted analysis,4,7,27 next-generation sequencing
with targeted capture panel,28–30 and direct sequencing18

were performed in each institute, according to published
protocols.
All clinical information and selected genetic data were

uploaded to the shared database. Data quality and
JANUARY 2021OPHTHALMOLOGY
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conclusive diagnoses were confirmed by all 3 corresponding
authors (S.J.W., R.S., K.F.).

� RECORDINGS AND ANALYSES OF MULTIFOCAL ELEC-
TRORETINOGRAM DATA: The mfERGs were recorded
with different recording systems in the 3 institutes. The Vi-
sual Evoked Response Imaging System (VERIS Clinic
5.0.9; Electro-Diagnostic Imaging, San Mateo, California,
USA) was used with a 61-hexagon stimulus element (5
eccentric rings) in NISO.9,17,19 VERIS (Clinic 6.0) was
used with a 103-hexagon stimulus element (6 rings) in
PUMCH. The RETIscan system (Roland Consult, Bran-
denburg, Germany) with a 61-hexagon stimulus element
(5 rings), VERIS (Clinic 4.0) with a 103-hexagon stimulus
element (6 rings), and UTAS (3.5.0; LKC Technologies,
Gaithersburg, Maryland, USA) with a 61-hexagon stim-
ulus element (5 rings) were used in SNUBH
(Supplemental Table 1; Supplemental Material available
at AJO.com). All mfERG recording procedures and proto-
cols incorporated the international standard of the Interna-
tional Society for Clinical Electrophysiology of Vision
(ISCEV).14

The peak time (ms) and response density (nV/deg2) of
the mfERG P1 component associated with the central
hexagon (ring 1; R1) and eccentric areas (rings 2-5 or 2-
6; R2-5 or 2-6) were measured. The mean response density
for each eccentric ring was calculated as the sum of the re-
sponses divided by the total area of the hexagons within
each ring as shown in Supplemental Figure 1 (Supple-
mental Material available at AJO.com).14 Ring ratios
were calculated based on the amplitude of the P1 compo-
nent divided by the amplitude of the most peripheral ring
(R5 for the 61-hexagon protocol, R6 for the 103-hexagon
protocol); that is, R1/R5, R2/R5, R3/R5, and R4/R5 or
R1/R6, R2/R6, R3/R6, R4/R5, and R5/R6. Normative
range data were referred to in each recording condition:
the VERIS 61-hexagon protocol, RETIscan 61-hexagon
protocol, and VERIS 103-hexagon protocol. The most pe-
ripheral ring (R5 or R6) was assessed compared with the
available normative range. Ring ratios (R1/R5) of the
eyes recorded with 61-hexagon protocols were also
compared among the 3 different severity grades of BCVA
(favorable, <_0.3 in the logMAR unit; intermediate, >0.3
but <1.0 in the logMAR unit; and severe, >_1.0 in the
logMAR unit).

� MULTIFOCAL ELECTRORETINOGRAM FUNCTIONAL
GROUPING: Three functional groups were defined based
on the mfERG ring ratios and P1 amplitudes in order to
describe the spatial extent of functional decline. All eyes
were classified into 1 of 3 groups: Group 1, paracentral
dysfunction (attenuation of R2 responses) with relatively
preserved central (R1) and peripheral function (R5/6);
Group 2, homogeneous central/paracentral dysfunction
(attenuation of responses in R1 and R2) with preserved pe-
ripheral function (R5/6); Group 3, widespread dysfunction
VOL. 221 FUNCTIONAL CHARACTERIST
over the whole area tested (abnormal responses in R1-R5/
6). The classification of mfERG groups was performed by 2
investigators (L.Y., K.F.) masked to the structural and clin-
ical features of the patients at the time of the review. If clas-
sifications by the 2 investigators differed, further reviews
were performed and discussed to enable a consensus. Ring
ratios recorded with the 61-hexagon protocol were
compared between functional groups.

� CLINICAL PARAMETERS AND MORPHOLOGIC PHENO-
TYPES FOR MULTIFOCAL ELECTRORETINOGRAM FUNC-
TIONAL GROUPS: To characterize the functional
phenotypes, mfERG functional groups were compared in
terms of clinical parameters: age, age at onset, duration of
disease, and BCVA. An association between functional
grouping and SDOCT morphologic classification (severe
phenotype/mild phenotype) was also investigated.

� STATISTICAL ANALYSES: Statistical analyses were
performed using SPSS Statistics (Version 24, Statistical
Package for the Social Sciences; IBM Corp, Armonk,
New York, USA). The comparison analyses for the clinical
parameters between the functional groups were performed
with the Kruskal-Wallis test. One eye of each subject was
randomly selected with the online Random Integer Gener-
ator (https://www.random.org/integers/) to perform the
analysis for age, age at onset, and duration of disease. The
Goodman-Kruskal gamma, a measure of association for or-
dered categories ranging between �1 and þ1 for perfect
negative and positive association, respectively, was calcu-
lated to measure the association between functional
grouping and SDOCT morphologic classification.31 P
values less than .05 were considered statistically significant.
RESULTS

� PARTICIPANTS, DEMOGRAPHICS, AND CLINICAL AND
GENETIC FINDINGS: In total, 53 eyes of 28 patients with
available mfERGs from 18 families were recruited from
the EAOMD cohort. There were 17 male (17/28, 60.7%)
and 11 female patients (11/28, 39.3%). The detailed clin-
ical and genetic information is summarized in Table 1.
There were 18 patients from 10 families recruited at
NISO, 5 patients from 3 families at PUMCH, and 5 pa-
tients from 5 families at SNUBH.
The median age at the latest examination was 48.0

(range, 12.0-86.0) years. The median age at onset was
35.0 (range, 6.0-73.0) years. The median disease duration
(between the age at onset and the latest examination)
was 8.5 (range, 0-36.0) years. The median BCVA was
0.52 (range, �0.08 to 1.22) in logMAR units. All patients
showed normal full-field ERGs. There were 43 eyes (43/53,
81.1%) from 23 subjects showing the severe phenotype and
10 eyes (10/53, 18.9%) from 5 subjects showing the mild
phenotype evident on SDOCT.
171ICS OF MIYAKE DISEASE
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TABLE 1. Clinical and Genetic Features of 28 Subjects With Occult Macular Dystrophy Harboring Heterozygous Pathogenic RP1L1 Variants (Miyake Disease)

Patient No. Patient IDa Inheritance Sex Ageb (y) Onsetb Chief Complaint

BCVA (logMAR)

SDOCT Phenotypec

SDOCT Stage

RP1L1 VariantdOD OS OD OS

1 1-II:1 Unknown F 35 25 Reduced VA/photophobia 0.52 0.52 Severe IIb IIb c.133C>T, p.Arg45Trp

2 2-III:2 AD F 17 6 Reduced VA 0.70 0.52 Severe IIb IIb c.133C>T, p.Arg45Trp

3 2-II:2 AD F 48 40 Reduced VA/photophobia 1.05 0.52 Severe IIb IIb c.133C>T, p.Arg45Trp

4 3-III:1 AD F 19 11 Reduced VA 0.82 0.82 Severe IIb IIb c.133C>T, p.Arg45Trp

5 3-II:1 AD F 54 37 Reduced VA/photophobia 1.00 0.82 Severe IIb IIb c.133C>T, p.Arg45Trp

6 3-II:3 AD F 48 48 No symptom �0.08 �0.08 Mild Ib Ib c.133C>T, p.Arg45Trp

7 4-III:2 AD M 12 8 Reduced VA 0.60 0.60 Severe IIb IIb c.133C>T, p.Arg45Trp

8 4-II:4 AD M 43 13 Reduced VA 0.82 0.82 Severe IIb IIb c.133C>T, p.Arg45Trp

9 5-II:1 AD M 31 23 Reduced VA 0.70 0.70 Severe IIb IIb c.133C>T, p.Arg45Trp

10 8-III:1 AD M 24 12 Reduced VA 0.52 0.52 Severe IIb IIb c.133C>T, p.Arg45Trp

11 9-II:2 Unknown M 45 14 Reduced VA 1.22 1.10 Severe IIIa IIIa c.133C>T, p.Arg45Trp

12 10-II:2 AD M 24 24 Poor VA 0.52 0.70 Severe IIa IIa c.133C>T, p.Arg45Trp

13 11-II:1 Unknown M 73 73 No symptom 0.30 0.00 Mild Ib Ib c.133C>T, p.Arg45Trp

14 12-II:1 Unknown M 52 47 Reduced VA/photophobia 0.30 0.40 Severe IIa IIa c.3581C>T, p.Thr1194Met/c.3587C>T,

p.Thr1196Ire (complex)

15 13-II:1 AD M 30 25 Reduced VA 0.60 0.60 Severe IIb IIb c.3593C>T, p.Ser1198Phe

16 13-I:1 AD M 54 54 No symptom 0.05 0.22 Mild Ib Ib c.3593C>T, p.Ser1198Phe

17 14-II:2 AD M 58 40 Reduced VA 0.70 0.70 Severe IIb IIb c.3596C>G, p.Ser1199Cys

18 14-I:2 AD F 86 50 Reduced VA/photophobia 0.70 0.70 Severe IIb IIb c.3596C>G, p.Ser1199Cys

19 15-II:1 Unknown M 48 39 Reduced VA/photophobia 0.30 0.30 Severe IIb IIb c.3596C>G, p.Ser1199Cys

20 16-IV:3 AD M 32 26 Reduced VA/photophobia 0.15 0.22 Severe IIIa IIIa c.3596C>G, p.Ser1199Cys

21 16-III:2 AD F 62 62 No symptom �0.08 �0.08 Mild Ib Ib c.3596C>G, p.Ser1199Cys

22 17-II:4 AD F 63 50 Reduced VA/photophobia 0.52 0.52 Severe IIIa IIIa c.3596C>G, p.Ser1199Cys

23 17-III:2 AD M 36 13 Reduced VA/photophobia 0.22 0.40 Severe IIb IIb c.3596C>G, p.Ser1199Cys

24 17-III:4 AD M 36 33 Reduced VA 0.30 0.70 Severe IIb IIb c.3596C>G, p.Ser1199Cys

25 18-II:1 Unknown M 74 50 Reduced VA 0.82 0.82 Severe IIIb IIIb c.3596C>G, p.Ser1199Cys

26 19-II:2 AD F 73 60 Reduced VA/photophobia 0.52 0.70 Severe IIb IIb c.3599G>A, p.Gly1200Asp

27 19-III:1 AD F 50 50 Night blindness �0.08 �0.08 Mild Ia Ia c.3599G>A, p.Gly1200Asp

28 21-II:1 AD M 51 25 Reduced VA/photophobia 0.70 0.70 Severe IIb IIb c.3602T>G, p.Val1201Gly

AD ¼ autosomal dominant; BCVA ¼ best-corrected visual acuity; logMAR ¼ logarithm of the minimum angle of resolution; NA ¼ not available; Pt ¼ patient; SDOCT ¼ spectral-domain optical

coherence tomography; VA ¼ visual acuity.
aPatient IDs are the ones that have been previously published elsewhere (Fujinami et al. Clinical and Genetic Characteristics of East Asian Patients with Occult Macular Dystrophy (Miyake Dis-

ease): East Asia Occult Macular Dystrophy Studies Report Number 1.Ophthalmology 2019; 126(10):1432-1444).4

bAge was defined as the age when the latest examination was performed. The age at onset was defined as either the age at which visual loss was first noted by the patient or, in the ‘‘asymp-

tomatic’’ patients, when an abnormal retinal finding was first detected. Three asymptomatic patients (Patients 6, 16, and 21) were detected owing to the autosomal dominant family history; 1 patient

(Patient 13) was detected by routine examination to check cataract.
cThe severe phenotype, showing both blurred/flat ellipsoid zone (EZ) and absence of interdigitation zone (IZ), was demonstrated in 23 subjects, and mild phenotype, defined as minimum/local

blurring of EZ and local absence of IZ was found in 5 subjects.
dRP1L1 transcript ID: NM_178857.5. Italics: One novel variant found in this East Asia Occult Macular Dystrophy study.
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FIGURE 1. Clinical images and multifocal electroretinogram (mfERG) traces of 3 representative cases from each functional group.
(A) A representative case from Group 1 (Patient 13, 11-II:1; male, 73 years, best-corrected visual acuity (BCVA) [converted to
logMAR unit] 0.30/0.00 for right eye/left eye). A fundus photograph of right eye shows a normal appearance. Spectral-domain optical
coherence tomographic (SDOCT) images in the fovea of the right eye and left eye demonstrate the mild phenotype with preserved
ellipsoid zone (EZ) and local absence of interdigitation zone (IZ). Responses of the mfERG of right and left eyes (field view) identify
relatively preserved responses of the central area (ring 1, central circle) and preserved responses of the peripheral area (ring 5)
compared to the decreased responses of the paracentral area (ring 2, gray region). The arrows indicate the considerably reduced re-
sponses. (B) A representative case from Group 2 (Patient 2, 2-III:2; female, 17 years, BCVA 0.70/0.52 for right eye/left eye).

VOL. 221 173FUNCTIONAL CHARACTERISTICS OF MIYAKE DISEASE



TABLE 2. Summary of Multifocal Electroretinogram Ring Ratios Recorded With the 61-Hexagon Protocol for 3 Functional Groups

Functional Groupa Value Ring 1/Ring 5 Ring 2/Ring 5 Ring 3/Ring 5 Ring 4/Ring 5

Group 1 Median 4.50 2.13 1.45 1.05

Range (3.46-5.34) (1.29-2.31) (0.90-1.66) (1.00-1.15)

Group 2 Median 1.84 1.04 0.99 1.02

Range (Extinguished-3.24) (0.47-1.90) (0.29-1.52) (0.76-1.21)

Group 3 Median 2.16 0.82 0.69 0.95

Range (1.73-3.52) (0.66-1.93) (0.65-1.37) (0.93-1.26)

mfERG ¼ multifocal electroretinogram.

Ring ratios were calculated based on the amplitude (ie, response density; nV/deg2) of the P1 component divided by the amplitude of themost

peripheral ring (ring 5 for the 61-hexagon protocol).
aAll eyes were classified into 3 functional groups based on themfERG ring ratios and P1 amplitudes: Group 1 - paracentral dysfunction (atten-

uation of ring 2 responses) with relatively preserved central (ring 1) and peripheral function (ring 5); Group 2 - homogeneous central/paracentral

dysfunction (attenuation of responses in ring 1 and ring 2) with preserved peripheral function (ring 5); andGroup 3 -widespread dysfunction over

the whole area tested (abnormal responses in rings 1-5).
Seven heterozygous pathogenic RP1L1 variants detected
in this study were within the 2 hot spots (amino acids 45
and 1196-1201), including 2 recurrent variants:
c.133C>T, p.(Arg45Trp) identified in 9 families (9/18,
50.0%); and c.3596C>G, p.(Ser1199Cys) found in 5 fam-
ilies (5/18, 27.8%).

� MULTIFOCAL ELECTRORETINOGRAM RING ANALYSES:

The detailed P1 amplitude density and peak time of each
eccentric ring in 53 eyes of 28 subjects are described in
Supplemental Table 2 (Supplemental Material available
at AJO.com). Ring amplitude ratios and the grouping of
mfERG phenotypes for each eye are presented in
Supplemental Table 3 (Supplemental Material available
at AJO.com). The median value of R1/R5, R2/R5, R3/
R5, and R4/R5 with the 61-hexagon protocol was 2.04
(range, extinguished-5.34), 1.01 (range, 0.47-2.31), 0.99
(range, 0.29-1.26), and 1.01 (range, 0.76-1.26), respec-
tively. The median value of R1/R6, R2/R6, R3/R6, R4/
R6, and R5/6 with the 103-hexagon protocol was 1.34
(range, 0.62-4.38), 1.20 (range, 0.62-2.13), 1.17 (range,
0.62-1.89), 1.03 (range, 0.71-1.58), and 0.97 (range,
0.81-1.26), respectively. Median values of R1/R5 in favor-
able/intermediate/severe BCVA were 3.35 (range, 2.05-
5.34)/1.19 (range, extinguished-2.74)/2.23 (0.64-2.76).
Statistically significant difference was revealed in terms
of the R1/R5 ratio between the favorable grade and the in-
termediate grade of BCVA (P< .001); a trend of difference
was found between the favorable grade and the severe grade
Fundus photographs of right eye and left eye showed a normal appeara
strate the severe phenotype with blurred EZ and absence of IZ. mfER
responses at the central and paracentral areas (ring 1 and ring 2, gray
peripheral circle). (C) A representative case from Group 3 (Patient
eye). Fundus photographs of right and left eye showed normal appea
strated the severe phenotype with blurred EZ and absence of IZ. mfER
recording area (rings 1-5, gray region).

174 AMERICAN JOURNAL OF
of BCVA (P ¼ .279); no significant difference was found
between the intermediate grade and the severe grade of
BCVA (P > .99).

� MULTIFOCAL ELECTRORETINOGRAM FUNCTIONAL
GROUPS: The functional groups of 53 eyes of 28 subjects
are presented in Supplemental Table 3. There were 8
eyes (8/53, 15.1%) of 5 subjects in Group 1; 40 eyes (40/
53, 75.5%) of 23 subjects in Group 2; and 5 eyes (5/53,
9.4%) of 3 subjects in Group 3. Clinical images and mfERG
traces of 3 representative cases from each functional group
are shown in Figure 1.
The ring ratios of subjects in each group recorded with

the 61-hexagon protocol are summarized in Table 2 and
Figure 2. Significant differences were identified between
Groups 1 and 2 in R1/R5, between Groups 1 and 2 and
Groups 1 and 3 in R2/R5, and between Groups 1 and 2
and Groups 1 and 3 in R3/R5. Amarkedly high R1/R5 ratio
was noted in Group 1 (median: 4.50, range 3.46-5.34).

� CLINICAL AND MORPHOLOGIC FINDINGS FOR MULTI-
FOCAL ELECTRORETINOGRAM FUNCTIONAL GROUPS:

The clinical parameters of age, age at onset, disease dura-
tion, and BCVA for the 3 functional groups are summarized
in Table 3 and Figure 3. Themedian age of Groups 1, 2, and
3 was 54.0 (range, 48.0-71.0), 36.0 (range, 12.0-84.0), and
51.0 (range, 45.0-66.0) years, respectively. The median
age at onset of symptoms of Groups 1, 2, and 3 was 54.0
(range, 48.0-71.0), 25.0 (range, 6.0-50.0), and 39.0
nce. SDOCT images in the fovea of right eye and left eye demon-
G responses of right and left eyes identify homogenously reduced
region), with preserved responses of the peripheral area (ring 5,
19, 15-II:1; male, 48 years, BCVA 0.30/0.30 for right eye/left
rance. SDOCT images in the fovea of right and left eye demon-
Gs of right and left eye identify decreased responses of the entire
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FIGURE 2. Ring ratios recorded with the 61-hexagon protocol for 3 functional groups. (A) Individual values of ring ratios of the eyes
recorded with the 61-hexagon protocol. Red area: the range for ring ratios of the eyes in Group 1 (6 eyes); gray area: the range for ring
ratios of Group 2 (30 eyes); blue area: the range for ring ratios of Group 3 (5 eyes). The curves of ring ratios in Group 1 have a steeper
trend than those in Groups 2 and 3, while curves in Group 3 tended to be flatter than the others. R[ ring. (B) Comparison between
the functional groups for each ring ratio. The ends of the boxes represent the upper and lower quartiles. The middle line in the box is
the median value. Maximum and minimum values are shown as the upper and lower ends of the whiskers. Statistically, significant
differences were identified between Groups 1 and 2 in terms of R1/R5 (95% confidence interval [CI], 3.65 to 5.21 and 1.22 to
1.98, respectively; P < .001), R2/R5 (95% CI, 1.64 to 2.43 and 0.90 to 1.23, respectively; P [ .002), and R3/R5 (95% CI,
1.13 to 1.69 and 0.93 to 1.13, respectively; P [ .03); and between Groups 1 and 3 in R2/R5 (95% CI, 1.64 to 2.43 and 0.39 to
1.67; P [ .02) and R3/R5 (95% CI, 1.13 to 1.69 and 0.47 to 1.22, respectively; P [ .005). There was no significant difference
in R4/R5 among the 3 groups (95% CI, 1.00 to 1.13, 0.97 to 1.05, and 0.83 to 1.18, respectively; P [ .29).
(range, 25.0-60.0) years, respectively. The median disease
duration in Groups 1, 2, and 3 was 0.0 (range, 0.0-2.0),
10.0 (range, 1.0-34.0), and 6.0 (range, 6.0-26.0), respec-
tively. The median BCVA in Groups 1, 2, and 3
was �0.04 (range, �0.08 to 0.30), 0.65 (range, �0.08 to
VOL. 221 FUNCTIONAL CHARACTERIST
1.22), and 0.52 (range, 0.30-0.70) logMAR units, respec-
tively. Significant differences were revealed between
Groups 1 and 2 in terms of the age at onset (95% confi-
dence interval [CI], 45.2 to 68.8 and 20.3 to 34.4, respec-
tively; P ¼ .005), disease duration (95% CI, �0.7 to 1.5
175ICS OF MIYAKE DISEASE



TABLE 3. Clinical Parameters for 3 Functional Groups

Clinical Parameter Value Group 1 Group 2 Group 3

Agea (years) Median 54.0 36.0 51.0

Range (48.0 to 71.0) (12.0 to 84.0) (45.0 to 66.0)

Age at onsetb (years) Median 54.0 25.0 39.0

Range (48.0 to 71.0) (6.0 to 50.0) (25.0 to 60.0)

Disease duration (years) Median 0.0 10.0 6.0

Range (0 to 2.0) (1.0 to 34.0) (6.0 to 26.0)

BCVA (logMAR) Median �0.04 0.65 0.52

Range (�0.08 to 0.30) (�0.08 to 1.22) (0.30 to 0.70)

BCVA ¼ best-corrected visual acuity; logMAR ¼ logarithm of the minimum angle of resolution.
aAge was defined as the age when the latest examination was performed.
bAge at onset was defined as either the age at which visual loss was first noted by the patient or, in the ‘‘asymptomatic’’ patients, when an

abnormal retinal finding was first detected.
and 8.9 to 18.4, respectively; P ¼ .002), and BCVA (95%
CI,�0.09 to 0.16 and 0.52 to 0.69, respectively; P< .001).

The distribution of mfERG functional grouping and
SDOCT morphologic classification is described in
Table 4 and Supplemental Figure 2 (Supplemental Mate-
rial available at AJO.com). All 8 eyes (8/8, 100%) in
Group 1 showed the mild phenotype. Thirty-eight eyes
(38/40, 95.0%) in Group 2 demonstrated the severe pheno-
type, while 2 eyes (2/40, 5.0%) had the mild phenotype. All
5 eyes (5/5, 100%) in Group 3 showed the severe pheno-
type. A statistically significant association was revealed be-
tween functional group and SDOCT classification (g ¼
1.00; P < .001).
DISCUSSION

IN THE CURRENT STUDY, THE DETAILED FUNCTIONAL FEA-

tures of Miyake disease were determined by ring analyses
of mfERGs in the largest genetically confirmed East Asian
cohort, containing 53 eyes of 28 subjects.4 Three func-
tional phenotypes were established according to the spatial
extent of mfERG abnormality. Most had central and para-
central macular dysfunction (75%), with a minority
showing predominantly paracentral dysfunction (15%) or
widespread dysfunction at the posterior pole (10%). These
functional subtypes illustrate variable phases of disease
severity of Miyake disease associated with the age at onset,
visual acuity, disease duration, and morphologic
abnormalities.

There are only a few studies that have described the
functional features of OMD based on single-case or small
cohort studies, with or without genetic diagnosis.8–10,12,16

Piao and associates reported the amplitude (ie, response
density) and peak time for the P1 component of each
ring (R1-R5) in 8 Japanese patients with OMD.9 They
demonstrated that all the subjects manifested significantly
176 AMERICAN JOURNAL OF
decreased amplitudes of the central 2 rings (R1 and R2),
with 6 (75%) showing preserved peripheral mfERG re-
sponses and 2 (25%) showing more widespread dysfunc-
tion,9 which is mostly consistent with the current study.
However, the obtained results in the current large cohort
included patients with paracentral dysfunction with rela-
tively preserved central function (5/28, 17.9%; Group 1).
Therefore, a wide spectrum of functional phenotype has
been found in the first large molecularly confirmed cohort
of Miyake disease.
Clinical parameters for functional groups differed based

on age at onset, disease duration, and BCVA. However,
no difference was revealed in age among the groups. These
results suggest that the age at onset is one of the key factors
predicting disease severity, which was also found in other
studies.4,21

A significant functional–morphologic association was
first determined in the current study. The presence of a
relatively preserved EZ line is an important sign to imply
the functional subtype. Eight of 10 eyes (80%) with the
mild phenotype presented maintained function in the cen-
tral retina and the peripheral retina (Group 1), with 20% in
Group 2. In contrast, 38 of 43 eyes (88.4%) with the severe
phenotype (ie, blurred/flat EZ) demonstrated homogeneous
central dysfunction (Group 2), with 11.6% in Group 3.
These findings propose that the detailed assessment of
the EZ line is crucial to identify the functional severity/
subtype.
In the current study, distinct clinical and functional phe-

notypes were clarified in a subgroup of patients showing
paracentral dysfunction with relatively preserved central
function (Group 1). The mild phenotype is represented
by a high proportion of no direct visual symptoms, late
onset (in the fifth decade), favorable visual acuity, pre-
served EZ line, and preserved central and peripheral func-
tion, some of which were presented before.4,7,19,21 The
preceding parafoveal structural changes of OMD have
been described before,19,21 and functional decrease at the
JANUARY 2021OPHTHALMOLOGY

http://AJO.com


FIGURE 3. Clinical parameters for 3 functional groups. The ends of the boxes represent the upper and lower quartiles. The middle
line in the box is the median value. Maximum and minimum values are shown as the upper and lower ends of the whiskers. (A) Age.
There was no significant difference between the groups (95% confidence interval [CI] for Groups 1, 2, 3: 45.2 to 69.5, 32.2 to 49.8,
27.1 to 80.9, respectively; P[ .08). (B) Age at disease onset. There was a significant difference between Groups 1 and 2 (95% CI,
45.2 to 68.8 and 20.3 to 34.4, respectively; P[ .005), with no significant difference between Groups 1 and 3 (95%CI, 45.2 to 68.8
and L2.4 to 85.1, respectively; P [ .76) or Groups 2 and 3 (95% CI, 20.3 to 34.4 and L2.4 to 85.1, respectively; P [ .68). (C)
Disease duration. There was a significant difference between Groups 1 and 2 in disease duration (95% CI, L0.7 to 1.5 and 8.9 to
18.4, respectively; P [ .002), with no significant difference between Groups 1 and 3 (95% CI, L0.7 to 1.5 and L16.0 to 41.4,
respectively; P [ .11) or Groups 2 and 3 (95% CI, 8.9 to 18.4 and L16.0 to 41.4; P > .99). (D) Best-corrected visual acuity
(BCVA) (converted to logMAR). There was a significant difference between Groups 1 and 2 (95% CI, L0.09 to 0.16 and 0.52
to 0.69, respectively; P < .001), with no significant difference between Groups 1 and 3 (95% CI, L0.09 to 0.16 and 0.26 to
0.75, respectively; P [ .09) or Groups 2 and 3 (95% CI, 0.52 to 0.69 and 0.26 to 0.75, respectively; P > .99).
parafovea was first identified in the current study. The func-
tional/structural damages in the parafovea were found
correspondently in our cohort, although further detailed
analysis in the natural course is required to reveal which
of function and structure is impaired earlier. Interestingly,
similar patterns were also found in other macular dystro-
phies or cone/cone-rod dystrophies—for example,
ABCA4-associated, POC1B-associated, CRX-associated,
VOL. 221 FUNCTIONAL CHARACTERIST
and GUCY2D-associated retinal disorders.27,31–35

However, the underlying mechanism to explain this
phenotype of preceding parafoveal changes is still
uncertain. Thus, the possibility of a particular phase of
disease severity showing the aforementioned distinct mild
features that progress to widespread dysfunction has not
been fully excluded. Some of the clinical features were
shared between the 2 subgroups of patients demonstrating
177ICS OF MIYAKE DISEASE



TABLE 4.Distribution of Functional Groups andMorphologic

Subtypes

mfERG Functional

Groupa

SDOCT Classificationb

Total NumberMild Phenotype Severe Phenotype

Group 1 8 0 8

Group 2 2 38 40

Group 3 0 5 5

mfERG ¼ multifocal electroretinogram; SDOCT ¼ spectral-

domain optical coherence tomography.

Number of eyes are shown.

g¼1.00; P < .001. Goodman-Kruskal gamma.
aAll eyes were classified into 3 mfERG functional groups:

Group 1 - paracentral dysfunction; Group 2 - homogeneous cen-

tral/paracentral dysfunction with preserved peripheral function;

and Group 3 - widespread dysfunction over the whole area

tested.
bAll eyes were classified into 2 subtypes based on SDOCT

findings; (1) severe phenotype, showing both blurred/flat ellip-

soid zone (EZ) and absence of interdigitation zone (IZ); and (2)

mild phenotype, defined as minimum/local blurring of EZ and

local absence of IZ.
homogeneous central dysfunction with preserved
peripheral function (Group 2) and widespread
dysfunction (Group 3), including age at onset, BCVA,
and frequently found blurred/flat EZ. Notably, patients
with intermediate and severe BCVA had decreased
mfERG ratio (R1/R5) in the central retina, which
implies that the objective functional impairment could
precede the subjective functional impairment of visual
acuity in the central retina in these patients. These
features suggest that the extent of retinal dysfunction or
the degree of severity can vary in Miyake disease.

There are limitations in this study. A challenge for this
multicenter international study was that 5 different mfERG
recording protocols were used in different laboratories.
178 AMERICAN JOURNAL OF
Thus, it is difficult to statistically perform the comparison
data analysis directly with absolute values of mfERG.
Also, the statistical comparison analysis between norma-
tive control and patients withMiyake disease was not avail-
able, owing to the relatively wide range of normal values, as
well as the limited sample number of some recording proto-
cols. However, all 3 centers established the same underly-
ing functional phenotype, facilitated by use of the
standard ISCEV mfERG protocol and enabling pooling of
data and resources.14 Quantitative differences were antici-
pated in the ring ratio analysis of mfERGs, given the
different number of rings associated with different mfERG
instruments. It is recognized that a limitation of the mfERG
ring analysis was that patients in Group 3 had abnormal pe-
ripheral (R5/R6) responses, confounding direct comparison
of ring ratios with patients in Groups 1 and 2 (with pre-
served peripheral responses). The cross-sectional data
described above suggest the possibility of progressive
dysfunction and expanding maculopathy, but longitudinal
monitoring will be required to investigate the stability of
the milder phenotypes. To prove the hypothesis that the
functional groups might be related to the natural course
of OMD, a long-term follow-up study is needed in the
future. Additional studies based on a larger cohort could
help to further elucidate the underlying disease mechanism
of Miyake disease by clarifying genotype-phenotype
associations.
In conclusion, the current multicenter study expands the

spectrum of functional phenotypes of Miyake disease,
which is useful for the diagnosis, classification, and predic-
tion of disease progression. Our detailed assessment of
spatial tendency using ring ratio analyses illustrated 3 func-
tional phenotypes representing circular functional damage:
paracentral dysfunction, homogeneous central dysfunc-
tion, and widespread dysfunction. Patients with paracentral
dysfunction had milder phenotypes; meanwhile, patients
with homogeneous central dysfunction and widespread
dysfunction showed overlapping phenotypes, suggesting
the various extents of retinal dysfunction.
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