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A B S T R A C T   

Purpose: To analyze the microstructures of the photoreceptor layer in detail in eyes with occult macular dys-
trophy (OMD, Miyake’s disease) by ultrahigh-resolution spectral-domain optical coherence tomography (UHR- 
SD-OCT). 
Observations: Twenty-eight normal subjects and 5 patients with OMD of different severities were studied. Cross- 
sectional images through the fovea were recorded with a UHR-SD-OCT system with a depth resolution of <2.0 
μm. In patients with OMD, the UHR-SD-OCT images revealed abnormal photoreceptor microstructures which 
were not detected in the conventional SD-OCT images. The UHR-SD-OCT images showed that the interdigitation 
zone (IZ) was not present and the outer segments were hyperreflective with hyperreflective dots (HRDs) aligned 
like string of pearls during the earlier stages. There was a disruption of the ellipsoid zone (EZ) which appeared as 
clusters of larger HRDs, and these HRDs became less apparent with increasing time. The outer segments became 
hyporeflective and rod IZ became apparent with longer duration of the disease process. 
Conclusions and Importance: The UHR-SD-OCT images show detailed characteristics of the photoreceptor mi-
crostructures of different severities during the progression of OMD. These detailed observations will help in 
understanding the mechanisms involved in the retinal pathology and should provide important information for 
their treatments.   

1. Introduction 

Improvements of the resolution of optical coherence tomographic 
(OCT) images have greatly contributed to the understanding of both the 
etiology and natural course of various retinal diseases. Detailed exami-
nations of the photoreceptor microstructures are very important espe-
cially in inherited retinal diseases because it can provide important 
information not only for a correct diagnosis but also for the assessment 
of the severity and when therapy should begin. However, the axial 
resolution of the conventional spectral-domain (SD) OCT is 5–7 μm,1 

and there is a significant gap between what is observed in the diseased 
retina by the conventional OCT and what is happening structurally 
during the process of neuronal atrophy of diseased eyes. 

Occult macular dystrophy (OMIM-613587) is a very slowly pro-
gressive macular dystrophy with normal funduscopic appearance.2,3 

Heterozygous missense variants in the RP1L1 gene accounts for most of 
the cases, and those with mutations in the RP1L1 gene are specifically 

called RP1L1-related macular dystrophy, or Miyake’s disease.4–6 

Furthermore, patients carrying a missense mutation in one of the two 
hot spots, amino acid 45 in exon 2, or one of 8 amino acids (1194–1201) 
in exon 4, have been shown to have very similar OCT findings and 
clinical courses.5–13 We have determined the course of the OMD disease 
process in detail in the largest multicenter cohort, and found that the 
severity in visual acuity reduction was correlated with the disease 
duration. We have proposed the clinical stages of OMD based on the 
findings of conventional SD-OCT.7 However, due to the limited resolu-
tion of conventional SD-OCT, we could not determine the detailed 
structural changes during the process of photoreceptor atrophy. 

An ultrahigh-resolution SD-OCT (UHR-SD-OCT; KOWA OCT Bi-μ; 
Kowa Company, Ltd., Japan) device was recently developed. It has an 
axial resolution of less than 2.0 μm which is about three-times better 
than the conventional SD-OCT, and obtained clearer images of the outer 
retinal structures both in normal eyes14,15 and diseased eyes.16,17 We 
have examined the B-scan images obtained by the UHR-SD-OCT device 
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of 28 normal eyes and 5 eyes with OMD whose etiologies were geneti-
cally confirmed. Because all the patients with RP1L1-related macular 
dystrophy are very slowly progressive, the assessments of longitudinal 
follow-up examinations for individual patients are not practical. 
Further, there is no histological study of the patients with RP1L1-related 
macular dystrophy. We have thus compared the UHR-SD-OCT data from 
patients at different disease durations and severities based on the clas-
sification we have established.7 We have found many characteristic 
features of the changes in the photoreceptor microstructures that may 
occur during the process of photoreceptor damage by the examination of 
the high-resolution images of the cone interdigitation zone (IZ), rod IZ, 
and the hyperreflective dots (HRDs) of the ellipsoid zone (EZ) and outer 
segments. The information gained by the UHR-SD-OCT images will be 
helpful in filling the gap between the OCT imaging and histological 
studies not only for OMD but also for other retinal diseases. 

2. Materials and methods 

The procedures used in this study adhered to the tenets of the 
Declaration of Helsinki and were approved by the Ethics Committee of 
the National Institute of Sensory Organs, National Hospital Organization 
Tokyo Medical Center (Reference; R18-029). A signed informed consent 
was received from all of the subjects for the examinations used after an 
explanation of the nature and possible consequences of the study. 

2.1. Participants 

We examined 28 eyes from 28 normal controls including 10 men and 
18 women whose mean ± SD age was 38.9 ± 9.5 years with a range of 
22–65 years. None had significant refractive errors (hyperopia > +2.0 
diopter or myopia < − 6.0 diopter). 

We also examined 5 patients with RP1L1-related OMD. The pheno-
type of these patients was determined by comprehensive ophthalmic 
examinations5 including ophthalmoscopy, fundus photography, fundus 
autofluorescence, conventional SD-OCT (Cirrus HD OCT, version 6.5; 
Carl Zeiss Meditec, Dublin, CA, USA), and full-field electroretinography 
(ERG) (LE4000, Tomey Corporation, Aichi, Japan).18 

Genetic analysis was performed on all the patients. To search for the 
causative genes, whole exome sequencing with targeted analysis for 
retinal disease-causing genes on RetNET (https://sph.uth.edu/retnet 
/home.htm) and inheritance filtration were performed as described in 
detail.6 Some of the clinical and genetic data of these patients have been 
published elsewhere.5–7 All 5 cases with OMD had a single heterozygous 
variant of the RP1L1 gene (3 cases, c.133C>T, p.Asp45Trp; one case, 
c.3596C>G, p.Ser1199Cys; one case, c.3599G>A, p.Gly1200Asp).6 

2.2. Ultrahigh resolution spectral domain optical coherence tomography 
(UHR-SD-OCT) imaging 

An UHR-SD-OCT system (KOWA OCT Bi-μ; Kowa Company, Ltd., 
Japan) with a broadband superluminescent diode light source was used 
on all subjects.14 The center wavelength of the light source was 860 nm, 
and the bandwidth was 135 nm. Each A-scan had a depth of 2.6 mm 
which was composed of 2048 pixels and allowed a digital depth sam-
pling of 1.27 μm/pixel. Each B-scan spanned 30◦ and consisted of 1800 
A-scans. For a 9.0 mm width image, the digital width sampling was 5 
μm/pixel. Cross-sectional horizontal and vertical images with a 9.0 mm 
width across the fovea were recorded in all the subjects. Twenty 
consecutive line scans were averaged for each trial through un-dilated 
(controls) and dilated (patients) pupils. 

To evaluate the microstructures of the outer retina, we measured the 
longitudinal reflectivity profiles (LRPs). For each LRP, the reflectivity 
was averaged over 16 pixels in width. 

3. Results 

3.1. UHR-SD-OCT images of normal eyes 

Representative horizontal and vertical B-scan images across the 
fovea of a 41-year-old woman with normal eyes taken with the UHR-SD- 
OCT device are presented together with the LRPs (Fig. 1). Due to the 
higher axial resolution, hyperreflective regions were present which were 
not mentioned in the International Nomenclature for Optical Coherence 
Tomography [IN•OCT],19 viz., Bruch’s membrane (Fig. 1C and F), rod IZ 
(Fig. 1B, C, 1E, and 1F), and dot-like regions with hyperreflectivity be-
tween the EZ and cone IZ (Fig. 2). The hyperreflective band of the rod IZ 
was clearly distinguishable from the RPE in 21 of 28 normal eyes (75%). 
In the 7 eyes in which the rod IZ was not distinguishable from the RPE in 
the B-scan images, the LRP showed a clear peak of high reflectivity 
between the cone IZ and the RPE/Bruch membrane in all of these eyes 
(Fig. 1C and F). 

The expanded B-scan images of normal eyes showed that there were 
distinctly observed dot-like hyperreflective regions between the EZ and 
cone IZ (Fig. 2B and D, black and yellow arrows). In the conventional 
OCTs, this region appeared to be hyporeflective and was identified as the 
outer segments of the photoreceptors by the IN•OCT.19 

3.2. Changes in photoreceptor microstructures with different severities of 
OMD 

The B-scan images of five eyes of five cases of OMD taken by a UHR- 
SD-OCT are shown in Fig. 3A to E, and one B-scan image of the same eye 
in Fig. 3C taken by a conventional SD-OCT is shown in Fig. 3F for 
comparison. According to the clinical stages based on the visual symp-
toms and OCT findings, Case A was classified as Stage Ia and Cases B to E 
were classified as Stage IIb.7 The five cases are presented according to 
the severity of foveal atrophy and the BCVA from mild to severe. 

The OCT images of the left eye of a 53-year-old woman whose BCVA 
was 20/25 are shown in Fig. 3A. The EZ is blurred and cone IZ is dis-
rupted at the fovea (Fig. 3A, white arrowhead). However, both the EZ 
and the cone IZ are normal at the parafovea (Fig. 3A, yellow arrows). In 
the more peripheral regions, the EZ appears mildly disrupted with 
clusters of hyperreflective dots (HRDs) (Fig. 3A, yellow arrowhead) and 
the cone IZ could not be seen. Instead, there were HRDs in the outer 
segment layer that appeared like string of pearls, i.e., HRDs consecu-
tively aligned in a line perpendicular to the RPE (Fig. 3A, yellow 
asterisk). 

The OCT images of the right eye of a 36-year-old man whose BCVA 
was 20/50 are shown in Fig. 3B. The arch-shaped region of blurred EZ at 
the fovea is expanded laterally more than in Case A (Fig. 3B, white 
arrowhead), and HRDs are observed at the location of the outer seg-
ments (Fig. 3B, right most yellow arrowhead). The EZ and cone IZ are 
seen as in normal eyes in the peri-macular region (Fig. 3B, yellow ar-
rows), but in the macular region, the EZ appeared disrupted with clus-
ters of HRDs (Fig. 3B, left most three yellow arrowheads) and the cone IZ 
was not visible. 

The OCT images of the left eye of a 39-year-old man whose BCVA was 
20/63 are shown in Fig. 3C. The arch-shaped region of a blurred EZ at 
the fovea is expanded laterally more than that in Case B, and the normal 
appearing ELM passes through it (Fig. 3C, white arrowhead). The cone 
IZ is not present in the entire macular region and the EZ appears dis-
rupted with clusters of HRDs (Fig. 3C, yellow arrowheads). The outer 
segments appear like string of pearls similar to that in Fig. 3A (Fig. 3C, 
yellow asterisk). 

The OCT images of the left eye of a 22-year-old woman whose BCVA 
was 20/125 are shown in Fig. 3D. There is an arch-shaped region of 
blurred EZ at the fovea, and the normal appearing ELM passes through it 
(Fig. 3D, white arrowhead). The EZ appears disrupted with clusters of 
HRDs (Fig. 3D, yellow arrowheads). The outer segments appear more 
hyporeflective than in Cases A to C and the string-of-pearl-like structures 
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were not detected. 
The OCT images of the right eye of a 51-year-old woman whose 

BCVA was 20/200 are shown in Fig. 3E. The cone IZ is not present in the 
entire macular region and the EZ appears blurred and hyporeflective 
with a smaller number of HRDs than in Cases A to D (Fig. 3E, yellow 
arrowhead). The outer segments appeared to be hyporeflective and the 
rod IZ is clearly observed above the RPE (Fig. 3E, yellow arrow). 

Fig. 4 shows the LRPs of a normal eye in Fig. 1, and cases with OMD 
shown in Fig. 3B and E. In the case shown in Fig. 3B, the peak of EZ 
appears high and sharp in Inf. 1, but lower and broader in Inf. 2. The 
peak of Cone IZ does not appear in Inf. 2 (Fig. 4B). In the more advanced 
case shown in Fig. 3E, the peak of the EZ appears to be lower and 
broader both in Inf. 1 and 2, and the peak of the cone IZ does not appear 
either in Inf. 1 or 2 (Fig. 4C). There is a peak of the rod IZ in Inf. 1. 

4. Discussion 

4.1. Process of cone photoreceptor damage in cases with OMD 

In the early stage with mild visual disturbance, the conventional SD- 

OCT had already shown that the EZ was blurred and the cone IZ was not 
visible at the fovea. With time, the region of abnormality in the EZ and 
cone IZ expanded toward the periphery.5,7,12 

The UHR-SD-OCT images of normal eyes revealed that the outer 
segment region between the two distinct EZ and cone IZ bands was not 
simply hyporeflective, but dot-like regions with hyperreflectivity were 
sparsely distributed between the EZ and cone IZ (Fig. 2B and D, black 
and yellow arrows). These dot-like regions were also observed in 
diseased eyes as HRDs, but they may represent something different be-
tween normal eyes and diseased eyes. The dot-like regions in normal 
eyes may represent minimally abnormal or physiological changes 
among the normal structures of the outer segment, or an optical artifact 
which was induced by occasionally misaligned structures of the normal 
outer segments. 

In the earlier stages of OMD, the band of the cone IZ was not 
detected, and the HRDs were more distinctly observed in the location of 
the outer segments. The HRDs were consecutively aligned and appeared 
like a string of pearls (Fig. 3A and C, yellow asterisk). In the advanced 
stage, the string-of-pearl-like structures could not be observed, and the 
outer segments appeared more hyporeflective (Fig. 3D and E). Instead, 

Fig. 1. Ultrahigh-resolution SD-OCT (UHR-SD-OCT) image of a normal eye. A. Horizontal B-scan image across the fovea of a 41-year-old woman taken by a UHR- 
SDR-OCT device. B. Expanded image of the yellow rectangle in A. Locations of both the cone and rod interdigitation zone (IZ) are shown by red and blue dotted lines, 
respectively. C. Longitudinal reflectivity profiles (LRP) in the regions indicated by the yellow arrows on the flattened OCT image. Rod IZ is seen as a distinct 
hyperreflective peak between the cone IZ and RPE/Bruch’s membrane in Temp. 2 but not in Temp.1. D. Vertical B-scan image across the fovea of the same subject in 
A, taken by UHR-SDR-OCT. E. Expanded image of the yellow rectangle in D. Locations of both the cone and rod IZs are shown by red and blue dotted lines, 
respectively. F. The LRP in the regions indicated by the yellow arrows on the flattened OCT image. The rod IZ is seen as a distinct hyperreflective peak between the 
cone IZ and RPE/Bruch’s membrane in Inf.1, but not in Inf.2. ELM = external limiting membrane; EZ = ellipsoid zone of photoreceptor; IZ = interdigitation zone of 
photoreceptor; RPE = retinal pigment epithelium. Temp. = temporal; Inf. = inferior. . (For interpretation of the references to colour in this figure legend, the reader is 
referred to the Web version of this article.) 
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the rod IZ was clearly observed above the RPE (Fig. 3E, yellow arrow). 
There was another type of larger HRDs in the region of EZ in the 

OMD eyes, i.e., part of the disrupted EZ appeared as clusters of HRDs 
(Fig. 3A to E, yellow arrowheads). The clusters of HRDs were more 
distinctly observed in the earlier stages (Fig. 3A to D, yellow arrow-
heads). In the advanced stage, the EZ appeared blurred with fewer HRDs 
(Fig. 3E). 

In the foveal region, the EZ was blurred without HRDs from the early 
stage, and the width of the blurred EZ expanded laterally during the 
course of the disease process (Fig. 3A to E, white arrowheads). There was 
an atrophy of both the inner and outer segments of the photoreceptors in 
Miyake’s disease due to a dysfunction of the connecting cilia.4,20,21 

Although the cone IZ was not detected and the EZ became blurred, the 
space between the EZ and RPE was preserved in the later stages of OMD 
(Fig. 3).5,7 This is a characteristic nature of OMD in which only the cone 
photoreceptors in the macular region are affected and rod photorecep-
tors are normally preserved until the late stage.3 In the late stage, the rod 
IZ was clearly observed (Fig. 3E, yellow arrow) and the blurred EZ 
without the HRDs may represent the ‘rod EZ’, and it includes only the 
ellipsoids of the rod photoreceptors. 

4.2. Origin of hyperreflective dots in UHR-SD-OCT images 

The HRDs, which were observed in diseased eyes, were located 
independently from the highly reflective bands of the EZ and cone IZ, 
and thus, they are neither speckle noise nor optical artifacts derived 
from the high-intensity signals.22 They possibly represent some 
anatomical components of the cone or rod photoreceptors. 

The HRDs in the outer segments of the photoreceptors may be 
packets of abnormal outer segment disks which have changed their 
orientation in the process of phagocytosis, or they may be phagosomes 

being phagocytosed by the apical processes of the RPE just below the 
outer segment tips.23,24 We suggest that abnormal phagocytosis of the 
outer segments during the disease process produced the cluster of 
rotated packets of outer segment disks which had abnormal hyper-
reflectivity in the outer segment region. The HRDs may also be attrib-
uted to the increased reflectivity of the outer segments alone due to 
mechanical stress25 or degenerative changes.26 

The possible source of the HRDs in the EZ band, which appeared 
larger than those in the outer segments, could be abnormal ellipsoid 
fragments in the inner segment of the photoreceptors that have lost their 
connection with the normal outer segments. They may not contain 
normally functioning mitochondria and then undergo apoptosis. The 
results of a histological study by Litts et al. showed that during the 
process of atrophy, the mitochondria of the ellipsoids redistribute to-
ward the nucleus, and the inner segment of the cones appear broad-
ened.27 The cluster of large HRDs and thickened EZ in the fovea of 
OMD5,7 (Fig. 3, white arrowheads) may result from an expansion of the 
ellipsoid region containing mitochondria during the process of atrophy. 
Further, the clusters of HRDs in Fig. 3B are thicker than those in Fig. 3C. 
This may reflect a characteristic process of cellular damage of the 
photoreceptor ellipsoid but its mechanism is unknown. 

The horizontal diameter of the HRDs in the disrupted EZ was 
approximately 16 μm and that of the HRDs in the outer segment was 
approximately 12 μm (Fig. 3) The horizontal diameter of HRDs was 
much larger than that of the normal cone inner segments in the para-
macular regions (approx. 7 μm) or the cone outer segments at the fovea 
(approx. 1–2 μm).28,29 Thus, both the HRDs in the disrupted EZ and 
outer segment observed in the UHR-SD-OCT images most likely do not 
represent individual photoreceptors but clusters of cone elements, or 
abnormally expanded individual cone photoreceptors. In either case, the 
HRDs observed during the course of OMD surely represent the process of 

Fig. 2. Small dot-like regions with 
hyperreflectivity in the outer segments 
between the EZ and cone IZ in normal 
eyes. A. Vertical B-scan image across the 
fovea of a 31-year-old man with normal 
eyes taken by UHR-SDR-OCT. B. 
Expanded image of the yellow rectan-
gles in A. C. Vertical B-scan image 
across the fovea of a 40-year-old woman 
with normal eyes taken by UHR-SDR- 
OCT. D. Expanded image of the yellow 
rectangles in C. Small dot-like regions 
with hyperreflectivity are observed be-
tween the EZ and cone IZ (Fig. 2B and 
D, black and yellow arrows). They are 
independent of the highly reflective EZ 
and cone IZ. EZ = ellipsoid zone of 
photoreceptors; C-IZ = cone interdigi-
tation zone of photoreceptors; R-IZ =
rod interdigitation zone of photorecep-
tors; RPE = retinal pigment epithelium; 
Inf. = inferior. . (For interpretation of 
the references to colour in this figure 
legend, the reader is referred to the Web 
version of this article.)   
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photoreceptor damage, which could not be detected by the conventional 
SD-OCT devices. 

HRDs are round-shaped hyperreflective region which become 
apparent in the UHR-SD-OCT images, and the difference with hyper 
reflective foci (HRFs) should be discussed. HRFs are focal, hyper-
reflective lesions detected by SD-OCT in various types of retinal disor-
ders, e.g., diabetic retinopathy,30 age-related macular degeneration,31 

and hereditary retinal diseases such as Stargardt disease,32 retinitis 

pigmentosa,26,33 vitelliform lesions of the macula,34,35 and choroider-
emia.36 The HRFs in inherited retinal diseases have been suggested to 
originate from microglia, RPE cells, or both in the degenerated retina, 
and they represent pathological processes of the diseases. On the other 
hand, the size of the HRDs in our cases were much smaller than that of 
HRF and could not be observed by the conventional SD-OCTs. Small 
dot-like regions with hyperreflectivity between the EZ and cone IZ were 
also observed even in the normal retinas (Fig. 2B and D, yellow and 

Fig. 3. B-scan images of five eyes in five 
cases with OMD listed according to the 
severity of visual acuity and photoreceptor 
atrophy from mild to severe. A. Horizontal 
B-scan image of the left eye of a 53-year-old 
woman whose decimal best-corrected visual 
acuity (BCVA) was 20/25. In the expanded 
image, the EZ is blurred and the cone IZ is 
disrupted at the fovea (white arrowhead). 
Both the EZ and cone IZ are normal only at 
the parafovea (yellow arrows). In the more 
peripheral region, the EZ appears slightly 
disrupted with clusters of hyperreflective 
dots (HRDs) (yellow arrowhead) and the 
cone IZ is not present. There are HRDs in the 
outer segment consecutively aligned in a line 
that appear like string of pearls (yellow 
asterisk). The expanded image (2x) of the 
string of pearls is shown below. B. Vertical 
B-scan image of the right eye of a 36-year- 
old man whose BCVA was 20/50. In the 
expanded image, the arch-shaped region of 
blurred EZ at the fovea is expanded laterally 
more than in Case A (white arrowhead), and 
HRDs are observed in the location of the 
outer segments (right-most yellow arrow-
head). The EZ and cone IZ are normally 
observed in the peri-macular region (yellow 
arrows), but in the macular region, the EZ 
appears disrupted with cluster of HRDs (left- 
most three yellow arrowheads) and the cone 
IZ is not visible. C. Vertical B-scan image of 
the left eye of a 39-year-old man whose 
BCVA was 20/63. In the expanded image, 
the arch-shaped region of blurred EZ at the 
fovea is expanded laterally more than that in 
Case B, and the normal appearing ELM 
passes through it (white arrowhead). The 
cone IZ is not present in the entire macular 
region and the EZ appears disrupted with 
clusters of HRDs (yellow arrowheads). The 
outer segments appear like string of pearls 
(yellow asterisk). The expanded image (2x) 
of the string of pearls is shown below. D. 
Vertical B-scan image of the left eye of a 22- 
year-old woman whose BCVA was 20/125. 
In the expanded image, there is arch-shaped 
region of blurred EZ at the fovea, and the 
normal appearing ELM passes through it 
(white arrowhead). The cone IZ is not pre-
sent in the entire macular region and the EZ 
appears disrupted with clusters of HRDs 
(yellow arrowheads). The outer segments 
appear more hyporeflective than in Cases A 
to C and the string-of-pearl-like structures 
are not present. E. Vertical B-scan image of 
the right eye of a 51-year-old woman whose 

BCVA was 20/200. In the expanded image, there is arch-shaped region of blurred EZ at the fovea (white arrowhead). The cone IZ is not observed in the entire macular 
region and the EZ appears blurred and hyporeflective with smaller number of HRDs than in Cases A to D (yellow arrowhead). The outer segments appear more 
hyporeflective than in cases A to C, and the rod IZ is clearly observed above the RPE (yellow arrow). F. Vertical B-scan images of the same eye as in C taken by a 
conventional SD-OCT. EZ = ellipsoid zone of photoreceptor; IZ = interdigitation zone of photoreceptor; OS = outer segment; RPE = retinal pigment epithelium.. (For 
interpretation of the references to colour in this figure legend, the reader is referred to the Web version of this article.)   
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Fig. 4. Longitudinal reflectivity profiles (LRPs) of a normal eye in Fig. 1, and 
Cases with OMD shown in Fig. 3B and E. A. Longitudinal reflectivity profiles 
(LRP) of a normal eye in Fig. 1 in the regions indicated by yellow arrows on the 
flattened OCT image. The EZ and Cone IZ have high and sharp peaks both in 
the locations of Inf. 1 and 2. B. LRPs of the case with OMD in Fig. 3B. The peak 
of the EZ appears high and sharp in Inf. 1, but lower and broader in Inf. 2. The 
peak of the Cone IZ does not appear in Inf. 2. C. LRPs of more advanced case 
with OMD in Fig. 3E. The peak of EZ appears lower and broader both in Inf. 1 
and 2. The peak of Cone IZ does not appear either in Inf. 1 or 2. ELM = external 
limiting membrane; EZ = ellipsoid zone of photoreceptor; IZ = interdigitation 
zone of photoreceptor; RPE = retinal pigment epithelium. Temp. = temporal; 
Inf. = inferior. . (For interpretation of the references to colour in this figure 
legend, the reader is referred to the Web version of this article.)   
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black arrows). Although the cellular origin of HRDs is unknown and is 
different from that of HRF, examinations of the HRDs in diseased retinas 
should provide more detailed information on the disease stages in 
various types of retinal disorders. 

4.3. Limitations 

Our study has several limitations. First, our study was retrospective 
and cross-sectional due to too slow progression of OMD.5,7 However, the 
data of longitudinal follow-up examinations for 10–20 years will provide 
more accurate information of the disease processes. Second, we have 
selected patients with the same genetic abnormalities because the ge-
notype difference in the same gene may cause different courses and 
severities in the OMD.6,37 However, to investigate the general mecha-
nism of photoreceptor damage in more detail, data from a wider variety 
of diseases of known etiology should be examined. 

5. Conclusions 

The UHR-SD-OCT device can obtain images that show the principal 
outer retinal structures of normal eyes which are not observed by the 
conventional SD-OCT. In addition, it can also record images that show 
detailed structural changes of these elements during the process of OMD. 
These detailed observations will help us understand the pathological 
mechanism(s) of other retinal dystrophies in general and provide 
important information for their therapeutic strategies. 

Patient consent 

This report does not contain any personal information that could lead 
to the identification of the patient. Written informed consent for the 
research was obtained from the patients prior to participation. 
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