TABLE 6. Distribution ofGenotype ofARMSZ ABSS, CFH 162V and CFH Y402 in Paﬁents Wth Vs W’thout Re’acular Pseudodrusen in
Late Age—ReIated Macular Degeneratlon e

Reticular Pseudodrusen +) (n=28)

Reticular Pseudodrusen () (n._177)

Genotype, n (%) Allele, n %) Genotype, n %) Allele, n %) P2
ARMS2 AB9S GG GT T G T GG GT T G T
136 101357 17©07 12114 44(786) 33(187) 76429 68(384) 142@0.1) 212(99 .007
CFH 162V AA AG GG A G AA AG GG A G
4143 4043 20714 12214 44786 1601 4978 111631 81230 271770 .85
CFH Y402 cC CT T C T CcC CT T C T
136 6214 21750 8(143 483857

740 45(254) 125(706) 59(167) 205833 .845

3P value with 2 x 2 table of allele X5 ’rest for its exact counterpart L

In the current study, reticular pseudodrusen prevalence
was high in eyes with RAP or geographic atrophy, consistent
with previous reports.>® Therefore, reticular pseudodrusen
may represent a hallmark or adverse effect associated with
,; he pathology of RAP and geographic atrophy. In contrast,
“ reticular pseudodrusen was rarely found in PCV patients
(2%). To our knowledge, this is the first report on reticular
pseudodrusen prevalence in PCV patients.

Literature suggests an association between AMD and
polymorphisms in the CFH gene.!>*** The Y402H and
[62V variants, in particular, have been specifically
reported to be associated with AMD.!>1*2# In a Japanese
cohort, we have previously shown that both CFH Y402H
and 162 V are associated with AMD.!® The Beaver Dam
Eye Study showed a higher prevalence of reticular pseudo-
drusen in participants carrying the Y402H mutation of the
C allele, which is associated with an increased risk of
AMD.® In contrast, Smith and associates reported that
this CFH variant was significantly associated with absence
of reticular pseudodrusen.”’ We found no association
between reticular pseudodrusen and CFH Y402H in
patients with late AMD. As the frequency of the Y402H
C allele is very low in the Asian population,**>® it may
be difficult to show a significant difference. In contrast,
162 V is more suitable for an association study focusing
on the CFH gene in Japanese people, because its minor
allele frequency i sroximately 40%.1%2% However, i

frequency is approximately lowever, in
the current study, we found no association between 162 V
and reticular pseudodrusen.

The A69S variant of the ARMS2 gene is also associated
with AMD; this association was reported in white and Asian
subjects.!%2>*74 Smith and associates reported that the
ARMS2 A69S allele increases the risk for reticular
pseudodrusen.” In the current study, the T-allele frequen-
cies of the ARMS2 A69S were higher in reticular
pseudodrusen patients, which suggests that the A69S poly-
morphism contributed to reticular pseudodrusen develop-
ment. Although we reported higher T-allele frequencies
for ARMS2 A69S than Smith and associates,”” the risk-

allele frequency in patients without reticular pseudodrusen
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was similar to that reported in previous studies on Japanese
patients.** The finding that both the ARMS?2 risk allele
and reticular pseudodrusen apparently lead to late AMD
may suggest a common mechanism. Although the
function of ARMS2 is unknown, Fritsche and associates
showed that ARMS2 was expressed in the ellipsoid region
of the photoreceptor inner segments.”® Despite the contro-
versial localization of reticular pseudodrusen, several
researchers have shown that reticular pseudodrusen location
corresponds to that of abnormal material above the RPE.>*°
Thus, ARMS2 expression may colocalize with reticular
pseudodrusen, raising the possibility that ARMS2 may play
a role in the formation of reticular pseudodrusen.
Meanwhile, other reports suggest that the reticular pattern
is related to impaired choroidal filling, as observed in our
subjects, and may involve the RPE, choriocapillaris, and
inner choroid.>'** Querques and associates proposed that
derangement of the RPE attributable to underlying
atrophy and fibrosis of the choroid might lead to the
accumulation of photoreceptor outer segments above the
RPE.?® Kertvely and associates showed that ARMS2 gene
expression localized primarily to the intercapillary area of
the choroid.*’ Further investigations are required on the
histology of reticular pseudodrusen and the locations and
functions of ARMS2 during the course of AMD.

Our study had several limitations. First, this study was

retrospective, and the imaging protocol was not standard-

ized. Second, the sample size was relatively small
compared with that used in other prevalence and genetic
studies, and we included several disease types. Third,
a single grader subjectively evaluated image quality.
When the same researcher evaluated it again, intra-
observer agreement was high. Fourth, our results show
that the prevalence of reticular pseudodrusen was high
in patients with RAP or geographic atrophy, but the small
sample size of these patients prevented us from establish-
ing this trend. Finally, the techniques used here may have
failed to identify reticular pseudodrusen in eyes in which
reticular pseudodrusen was present only on the nasal
side of the optic disc.!® Furthermore, some patients with
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FIGURE 2. Images of a patient with neovascular age-related macular degeneration and reticular pseudodrusen. (Top row, left) Color
fundus photography. (Top row, right) Blue channel of contrast-enhanced color fundus photography. (Second row, left) Infrared
reflectance imaging. (Second row, right) Fundus autofluorescence imaging. (Bottom) Spectral-domain optical coherence tomography
(vertical B-scan thorough the fovea in the direction of the green arrow in Second row, left). Reticular pattern is visible in each imaging
(arrows), but it may be difficult to make a diagnosis of reticular pseudodrusen using only 1 imaging method.

bilateral CNV may have had reticular pseudodrusen | pseudodrusen had bilateral late AMD. Moreover, there

before CNV development. was an association between reticular pseudodrusen and
In conclusion, reticular pseudodrusen was found in 14% | the ARMS2 gene. Further epidemiologic or genetic studies
of patients with newly diagnosed late AMD using multi- | will deepen our understanding of the clinical significance of

modal imaging. About half of the patients with reticular | reticular pseudodrusen.
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SUPPLEMENTAL TABLE. Prevaie 1ce of Re
Pseudodrusen in Patients Over 70 ears’ of Age X

No. of Patients -
No. of With Reticular
Patients Pseudodrusen Prevalence (%)

Typical AMD 67 8 1.9
PCV 53 2 38
RAP 11 10 20.9
Geographic atrophy 7 5 7.4
Combined? 8 3 375 .

AMD age—related macular de‘g‘ T

atophy, 1 geogzaph:c atrophy and RAP and, 1 geograph:c
atrophy and PCV). RO’ -

T
I i

VoL. 155, No. 2 PReVALENCE AND GENOMIC ASSOCIATION OF RETICULAR PSEUDODRUSEN 269.e2



Jpn J Ophthalmol (2012) 56:589-598
DOI 10.1007/s10384-012-0191-y

THE OFFICIAL INTERNATIONAL
JOURNAL OF THE JAPANESE ,
CQPHTHALMOLOGICAL SOCIETY

Visual prognosis of eyes with submacular hemorrhage associated
with exudative age-related macular degeneration

Naoko Ueda-Arakawa - Akitaka Tsujikawa -
Kenji Yamashiro - Sotaro Ooto + Hiroshi Tamura -
Nagahisa Yoshimura

Received: 6 February 2012/ Accepted: 6 August 2012 /Published online: 4 October 2012

© Japanese Ophthalmological Society 2012

Abstract

Purpose  To study the retinal structural changes associated
with submacular hemorrhage due to exudative age-related
macular degeneration (AMD) and their relationships with
visual prognosis.

Methods We retrospectively reviewed the medical
records of 31 consecutive patients (31 eyes) with visual
impairment due to an acute submacular hemorrhage asso-
ciated with typical AMD (10 eyes) or polypoidal choroidal
vasculopathy (21 eyes).

Results Optical coherence tomography (OCT) revealed
that submacular hemorrhage exhibited intense hyperre-
flectivity beneath the neurosensory retina and often seemed
to infiltrate it. In the OCT sections, mild to moderate
amorphous hyperreflectivity and/or hyperreflective dots
were observed within the neurosensory retina, resulting in
the loss of the junctions between the inner (IS) and outer
(OS) segments of the photoreceptors. Of the 31 eyes, the
foveal IS/OS line could be seen incompletely in 12 eyes
and was totally absent in 16 eyes. The initial integrity of
the foveal photoreceptor layer was correlated with the final
visual acuity; the initial detection of the IS/OS just beneath
the fovea was correlated with good final visual acuity
(r = 0.375, p = 0.038).

Conclusion As a hallmark of integrity of the foveal
photoreceptor layer, the initial detection of the IS/OS just
beneath the fovea may predict good visual outcomes.
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Introduction

Submacular hemorrhage is a vision-threatening compli-
cation associated with exudative age-related macular
degeneration (AMD) [1]. It can cause a sudden loss of
central vision, often resulting in permanent visual loss
[2]. The natural visual prognosis of submacular hemor-
rhage is extremely poor [3-6]. In a retrospective study by
Bennett et al. [3], the mean initial visual acuity (VA) in
eyes with submacular hemorrhage (20/860) improved to
no better than 20/480 after a mean follow-up of three
years. Numerous surgical procedures and several modi-
fications are described, aimed at improving the poor
visual prognosis [3-14]. For acute large submacular
hemorrhage, surgical drainage or pneumatic displacement
either with or without tissue plasminogen activator is
thought to improve the visual prognosis [8, 11-14].
However, the effectiveness of subretinal clot removal is
limited [7, 8].

The exact mechanism as to why a thick submacular
hemorrhage can cause sudden visual loss remains unclear,
even when the sensory retina within the macular area can
be clearly seen on fundus examination [2]. Histologic
reports show that submacular hemorrhage can cause sub-
stantial damage to the outer retina [16, 17]. In experimental
studies with an animal model, Glatt and Machemer [18]
report that the photoreceptors overlying areas of the hem-
orrhage appear to have degenerated and exhibit pyknosis
within 24 h. Subsequent reports suggest other mechanisms
of damage to the photoreceptor layer, including clot
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retraction [19], iron toxicity [20, 21], and blockage of
nutrient diffusion [2].

Optical coherence tomography (OCT) enables the
detection of changes in the retinal architecture and quan-
titative measurement of retinal thickness [22-25]. Recent
advances in OCT technology contributed to a more detailed
understanding of the pathomorphology of many macular
diseases [26-28]. However, there is still little information
available on morphologic changes in the neurosensory
retina associated with the submacular hemorrhage [15]. In
addition, various factors are thought to be associated with
visual prognosis in eyes with a submacular hemorrhage,
including hemorrhage size [4, 6], elevation of the overlying
retina [3, 4, 6], and the etiology of the original disease
[3, 5]. However, quantitative evaluations are limited. In the
present study, we studied OCT sections of eyes with sub-
macular hemorrhage associated with exudative AMD. This
was done to elucidate the structural changes in the over-
lying neurosensory retina in order to measure each char-
acteristic manifestation quantitatively and to study the
associations between the structural changes and visual
function. Based on the results of these evaluations, we can
now prognosticate the visual outcome of eyes with acute
submacular hemorrhage.

Subjects and methods

For this observational case study, we retrospectively
reviewed the medical records of 31 consecutive patients (31
eyes) with visual impairment due to an acute thick subma-
cular hemorrhage associated with exudative AMD; each of
these patients had visited the Macula Service of the
Department of Ophthalmology at Kyoto University Hospital
between April 2007 and March 2010. Of the 31 eyes, 10 had
typical AMD and 21 had polypoidal choroidal vasculopathy
(PCV). All 31 eyes included in this study exhibited a sub-
macular hemorrhage just beneath the center of the fovea.
Eyes with either a small subretinal hemorrhage with <1 disc
area or an old yellowish discolored submacular hemorrhage
were excluded. Each patient underwent angiography with a
confocal laser scanning system (HRA-2, Heidelberg Engi-
neering, Heidelberg, Germany). In the current study, the
presence of choroidal neovascularization (CNV) was con-
firmed with fluorescein and indocyanine green angiography,
which were performed either at the initial visit or after the
resolution of the submacular hemorrhage. The diagnosis of
PCV was based on indocyanine green angiography, which
shows a branching vascular network that terminates in
polypoidal swelling. Eyes with other macular abnormalities
(e.g., pathologic myopia, idiopathic CNV, presumed ocular
histoplasmosis, angioid streaks, other secondary CNV, or
retinal arterial macroaneurysm) were excluded. Of the 31

) Springer

eyes of our patients, 21 were treated with intravitreal injec-
tions of antivascular endothelial growth factor agents, 2 by
photodynamic therapy, and 1 by pneumatic displacement of
the submacular hemorrhage. This study was approved by the
Institutional Review Board of the Kyoto University Gradu-
ate School of Medicine and adhered to the tenets of the
Declaration of Helsinki.

At the initial examination after the submacular hemor-

-rthage had occurred, each patient underwent a comprehen-
_sive ophthalmologic examination, including measurement

of best-corrected VA, determination of intraocular pres-
sure, indirect ophthalmoscopy, slit-lamp biomicroscopy
with a non-contact lens, and examinations with the Spec-
tralis HRA+OCT (Heidelberg Engineering). Using these
initial OCT images, we measured the thickness of the
neurosensory retina, the thickness of the submacular
hemorrhage, and the total foveal thickness (Fig. 1). When
the retinal pigment epithelium (RPE) was not visible under
the fovea because of an overlying thick submacular hem-
orrhage, the OCT measurements were made from a pre-
sumed RPE line obtained from a clearly detectable RPE
line in a more peripheral retinal area not covered by the
hemorrhage. Furthermore, to assess the integrity of the
outer foveal photoreceptor layer, we examined the junction
between the inner and outer segments of the photoreceptor
(IS/0S) line and the external limiting membrane (ELM)
line in the fovea. The status of the IS/OS and ELM lines
under the fovea was defined as complete, incomplete, or
absent. To assess the density of the submacular hemor-
rhage, the detection of the underlying RPE line was also
determined as complete, incomplete, or absent.

. At the final examination, best-corrected VA was mea-
sured and indirect ophthalmoscopy, slit-lamp biomicros-
copy with a noncontact lens, and examinations with the
Spectralis HRA+OCT were performed, and all eyes
showed complete resolution of the submacular hemorrhage
beneath the fovea. After the submacular hemorrhage was
resolved, the patients often exhibited a subfoveal mass,
which appeared as a subretinal deposit or fibrosis on the
fundus photographs. Since it was often difficult to deter-
mine its border with respect to the RPE, we performed
three measurements in the fovea using the OCT images
obtained at the final examination, including the thickness
of the neurosensory retina, thickness of the subretinal mass
and Bruch’s membrane, and the total thickness (Fig. 1).
The thickness of the neurosensory retina was defined as the
distance between the vitreoretinal interface and the inner
border of hyperreflectivity of either the RPE or the sub-
retinal mass. The thickness of the subretinal mass and
Bruch’s membrane was defined as the distance between the
outer border of the neurosensory retina and the fine straight
line of the elastic fiber layer of the Bruch’s membrane.
Total thickness was defined as the distance between the
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Fig. 1 a A cross-sectional image of the fovea obtained with optical
coherence tomography (OCT) of an eye with acute submacular
hemorrhage associated with exudative age-related macular degener-
ation. Using an acute OCT image, three measurements were made in
the fovea, including the thickness of the neurosensory retina,
thickness of the submacular hemorrhage, and total foveal thickness.

vitreoretinal interface and the elastic fiber layer of Bruch’s
membrane. These measurements and evaluations were
performed by one retinal specialist.

All statistical analyses were performed using StatView
version 4.5 (SAS Institute, Cary, NC, USA). All values are
expressed as the mean =+ standard deviation. For statistical
analysis, VA measured using a Landolt chart was con-
verted to the logarithm of the minimal angle of resolution
(logMAR). In the current study, 1 optic disc area is equal to
2.54 mm? based on an optic disc diameter of 1.8 mm [29].
Bivariate relationships were analyzed using Pearson’s
correlation coefficient. P values <0.05 were considered
statistically significant.

Results

In the current study, 31 eyes of 31 patients (21 men and 10
women; age range 66-93 years; mean age 76.8 & 7.4 years)

thickness of the neurosensory retina -

thickness of the submacular hemorrhage

™~ total foveal thickness

total foveal thickness

thickness of neurosensory retina

thickness‘of subretinal mass
and Bruch’s membrane

b A cross-sectional image of the fovea obtained with OCT after
resolution of the submacular hemorrhage. Using the final OCT image,
three measurements were made in the fovea, including the thickness
of the neurosensory retina, thickness of the subretinal mass and
Bruch’s membrane, and total foveal thickness

with submacular hemorrhage were examined. Of the 31
eyes, 21 had PCV and 10 had typical AMD. Table 1 shows
the characteristics of the patients included in this study. The
mean initial VA (logMAR) was 0.69 =+ 0.45. The mean
initial area and thickness of the submacular hemorrhage
were 6.0 + 3.1 disc areas and 315.0 & 222.5 I m, respec-
tively. The follow-up period was 11.3 + 7.0 months, rang-
ing from 3 to 28 months:

At the initial examination, each eye exhibited a sub-
macular hemorrhage that affected the fovea. Upon OCT
examination, the submacular hemorrhage exhibited inten-
sive or moderate hyperreflectivity depending on its density
beneath the neurosensory retina. Of the 31 eyes, the
underlying RPE could not be seen at all in 8 because of the
shadow cast by the submacular hemorrhage. In addition,
the submacular hemorrhage from the CNV or polypoidal
lesions seemed to infiltrate the overlying neurosensory
retina in many cases. On OCT sections, mild to moderate
amorphous hyperreflectivity and/or hyperreflective dots
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Table 1 Initial and final
conditions of patients with
submacular hemorrhage
associated with exudative age-
related macular degeneration

Age (years)
Gender (women/men)

Initial examination
Visual acuity (logMAR)

Size of submacular hemorrhage (disc areas)
Thickness of the neurosensory retina (1 m)
Thickness of the submacular hemorrhage (1 m)

Total foveal thickness (I m)

Detection of IS/OS under the fovea (complete/incomplete/absent)
Detection of ELM under the fovea (complete/incomplete/absent)
Detection of RPE under the fovea (complete/incomplete/absent)

Duration of symptom (months)

Follow-up (months)

Final examination
Visual acuity (logMAR)
Cystoid macular edema (%)
Subfoveal mass (%)

AMD age-related macular
degeneration, PCV polypoidal
choroidal vasculopathy,
logMAR logarithm of the
minimum angle of resolution,
IS/0S junction between the
inner and outer segments of the
photoreceptors, ELM external
limiting membrane, RPE retinal
pigment epithelium

Total foveal thickness (I m)

Type of disease (typical AMD/PCV)

Thickness of neurosensory retina (I m)
Subretinal deposit and Bruch’s membrane (1 m)

Detection of IS/OS under the fovea (complete/incomplete/absent)
Detection of ELM under the fovea (complete/incomplete/absent)

76.8 = 7.4
10/21
10/21

0.69 £ 045
6.0 &= 3.1
194.3 £ 130.3
315.0 £ 2225
509.2 £ 281.0
3/12/16
217218

8/15/8
37423
113 £ 7.0

0.69 £ 0.47
11 (355 %)
20 (64.5 %)
175.4 4= 136.3
169.5 £ 150.4
363.7 + 203.8
3/8/20
16/5/10

were seen in the overlying neurosensory retina, especially
in the outer aspect, resulting in a lack of IS/OS or ELM
lines (Fig. 2). Of the 31 eyes, the foveal IS/OS line could
not be observed completely in 28, whereas the foveal ELM
line could be observed completely in 21. Intraretinal
hyperreflective lesions due to submacular hemorrhage were
occasionally observed mainly outside the ELM. In these
eyes, the ELM seemed to work as a blocking agent against
the hemorrhage (Fig. 2).

Table 2 shows the relationships between the initial VA
and other measured values obtained at the initial exami-
nation. The etiology of the original disease (typical AMD
or PCV) was not correlated with the initial VA (r = 0.194,
p = 0.300). However, the size and thickness of the sub-
macular hemorrhage were both correlated with the initial
VA (r = 0411, p = 0.022; r = 0485, p = 0.0057). In
addition, detection of the RPE beneath the fovea, which
seemed to reflect the density of the submacular hemor-
rhage, was correlated with the initial VA (r = 0.479,
p = 0.0064). While the thickness of the neurosensory ret-
‘ina was not correlated with the initial VA (r = 0.203,
p = 0.274), detection of the foveal ELM was correlated
with initial VA (r = 0.423, p = 0.018).

At the final examination, all eyes exhibited a complete
absorption of the submacular hemorrhage, and the mean
final VA was 0.69 & 0.47 (logMAR). Cystoid macular
edema was observed in 11 eyes. Twenty eyes exhibited a
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subretinal mass, the mean thickness of which, including the
Bruch’s membrane, was 169.5 4+ 150.4 I m. In addition,
submacular hemorrhages caused substantial damage to the
overlying outer retina. The IS/OS were completely detected
in only 3 and the ELM lines in 16 eyes.

- Table 3 shows the relationships between the final VA
and other measured values obtained at the final examina-
tion. The etiology of the original disease (typical AMD or
PCV) was not correlated with the final VA (r = 0.249,
p = 0.176). However, cystoid macular edema and subfo-
veal mass were correlated with poor final VA (r = 0.355,
p = 0.050; r=0477, p=0.0067). The total retinal
thickness and the thickness of the subfoveal mass at the
final examination were correlated with poor final VA
(r = 0.607, p = 0.0003; r = 0.489, p = 0.0052). In addi--
tion, the integrity of the foveal photoreceptor layer con-
tributed to foveal function. Detection of the IS/OS and
ELM lines beneath the fovea were both strongly correlated
with good final VA (r = 0.574, p = 0.0007; r = 0.756,
p < 0.0001).

Table 4 shows the relationships between the final VA
and measured values obtained at the initial examination.
The final VA was 0.86 & 0.39 with typical AMD and
0.61 £ 0.49 with PCV (p = 0.176). The etiology of the
original disease was not correlated with the final VA
(r = 0.249, p = 0.176). Although the submacular hemor-
rhage thickness and density were weakly correlated with the
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Fig. 2 Cross-sectional images obtained by optical coherence tomog-
raphy (OCT) in eyes with acute submacular hemorrhage associated
with exudative age-related macular degeneration. Each OCT section
(middle in each case) was made along an arrow shown in the fundus
photographs (left in each case). Magnified OCT images (right in each
case) were made from the delimited boxes in OCT sections. a On the
OCT section, the submacular hemorrhage shows intensive hyperre-

flectivity beneath the neurosensory retina. Within the outer aspect of

the neurosensory retina, several hyperreflective dots are seen. The
structure of the neurosensory retina seems to be relatively well preserved.
Visual acuity was 0.5. b On the OCT section, submacular hemorrhage

final VA (r = 0.258, p = 0.161; r = 0.281, p = 0.126),
the size of the submacular hemorrhage was not (r = 0.111,
p = 0.554). However, the initial integrity of the foveal
photoreceptor layer was correlated with visual prognosis.
While the initial detection of the ELM beneath the fovea
was not correlated with final VA (r = 0.063, p = 0.736),
the initial detection of the IS/OS beneath the fovea was
correlated with good final VA (r = 0.375, p = 0.038)
(Figs. 3, 4). In the subgroup analysis, eyes with typical
AMD and PCV exhibited a similar tendency, respectively,
although the correlations were not statistically significant

shows moderate hyperreflectivity. Amorphous hyperreflectivity and
numerous hyperreflective dots are seen within the neurosensory retina.
Visual acuity was 0.09. ¢ On the OCT section, submacular hemorrhage
shows moderate hyperreflectivity. Amorphous hyperreflectivity and
numerous hyperreflective dots are seen in neurosensory retina, especially
in the outer aspect. Under the fovea, infiltration of the hemorrhage into
the neurosensory retina seems to be blocked by the external limiting
membrane (arrowheads). Visual acuity was 0.4. d On the OCT section,
submacular hemorrhage shows intensive hyperreflectivity. Under the
fovea, the hemorrhage seems to invade the neurosensory retina beyond
the external limiting membrane (arrowheads). Visual acuity was 0.08

(r = 0.566, p = 0.088 with AMD; r = 0.331, p = 0.142
with PCV); this is possibly due to the small number of eyes
in each group.

Discussion

Acute serous retinal detachment associated with central
serous chorioretinopathy does not usually cause a severe
decrease in VA, even if there is subretinal fluid under
the fovea [30]. However, submacular hemorrhage often
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Table 2 Association of initial visual acuity with other measurements
obtained at the initial examination

Table 4 Association of final visual acuity with measurements
obtained at the initial examination

r p value r p value
Age (years) 0.018 0.922 Age (years) 0.244 0.186
Type of disease (typical AMD/PCV) 0.194  0.300 Type of disease (typical AMD/PCV) 0.249 0.176
Size of submacular hemorrhage (disc areas) 0.411 0.022 Size of subretinal hemorrhage (disc areas) 0.111 0.554
Thickness of the neurosensory retina (I m) 0.203 0.274 Visual acuity (logMAR) 0.295 0.107
Thickness of the submacular hemorrhage (I m) 0.485 0.0057 Thickness of the neﬁrosensory retina (1 m) 0.100 0.594
Total foveal thickness (1 m) 0478  0.0065 Thickness of the submacular hemorrhage 1m)  0.268 = 0.145
Detection of IS/OS under the fovea 0.272 0.139 Total foveal thickness (1 m) 0.258 0.161
Detection of ELM under the fovea 0.423  0.018 Detection of IS/OS under the fovea 0375 0.038
Detection of RPE under the fovea 0.479 0.0064 Detection of ELM under the fovea 0.063 0.736
AMD age-related macular degeneration, PCV polypoidal choroidal Detection of RPE under the fovea 0281  0.126

vasculopathy, logMAR logarithm of the minimum angle of resolution,
IS/0S junction between the inner and outer segments of the photo-
receptors, ELM external limiting membrane, RPE retinal pigment
epithelium

Table 3 Association of final visual acuity with other measurements
obtained at the final examination

r p value
Age (yearsj 0244  0.186
Type of disease (typical AMD/PCV) 0249  0.176
Duration of symptom (months) 0.182  0.327
Cystoid macular edema 0355 0.050
Subfoveal mass 0.477  0.0067
Thickness of the neurosensory retina (I m) 0277 0.132
Thickness of subretinal mass and Bruch’s 0.489  0.0052

membrane (I m)

Total foveal thickness (I m) 0.607  0.0003
Detection of IS/OS under the fovea (%) 0.574  0.0007
Detection of ELM under the fovea (%) 0.756 <0.0001

AMD age-related macular degeneration, PCV polypoidal choroidal
vasculopathy, logMAR logarithm of the minimum angle of resolution,
RPE retinal pigment epithelium, IS/0S the junction between inner
and outer segments of the photoreceptors, ELM external limiting
membrane

accompanies acute severe visual loss immediately after
onset [2]. Histologic reports show that submacular hemor-
rhage causes severe damage to the outer retina [16, 17], and
experimental reports suggest mechanisms by which chronic
damage to the photoreceptor layer occurs [18, 19]. However,
in addition to chronic effects, bleeding within the subretinal
- space can exert immediate effects on the neurosensory ret-
ina, thereby causing acute visual dysfunction [15].

The initial OCT sections of our patients revealed that the
submacular hemorrhage exhibited hyperreflectivity beneath
the neurosensory retina. In addition, the overlying neuro-
sensory retina often exhibited hyperreflective lesions. In
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AMD age-related macular degeneration, PCV polypoidal choroidal
vasculopathy, logMAR logarithm of the minimum angle of resolution,
IS/0S junction between the inner and outer segments of the photo-
receptors, ELM external limiting membrane, RPE retinal pigment
epithelium )

the current study, amorphous hyperreflectivity of various
intensities and hyperreflective dots were observed in the
outer aspect of the overlying neurosensory retina. Imme-
diately after bleeding within the subretinal space, erythro-
cytes, macrophages, and fibrin can migrate into the outer
retina and may destroy the integrity of the photoreceptor
layer [31]. Ooto et al. [32] report the relationship between
VA and fibrin infiltration within the neurosensory retina in
eyes with PCV. In addition, Coscas et al. [27] state that
bright hyperreflective spots and hyperreflective material
within the neurosensory retina could be derived from an
inflammatory reaction, and they indicate the activity of
exudative AMD. Based on previous reports [32, 33], our
findings related to the neurosensory retina may be associ-
ated with acute dysfunction of the macula, which results in
an acute loss of central vision.

In the current study, while the IS/OS line beneath the
fovea was detected completely at the initial visit in only 3
eyes, complete detection of the ELM line under the fovea
was achieved in 21 eyes. In fact, the ELM line was fre-
quently preserved even in the eyes with a thick submacular
hemorrhage. On OCT sections, the ELM line sometimes
appeared to act as a blocking agent against the advance-
ment of hemorrhage into the retina after the hemorrhage
had already infiltrated the inner and outer segments. Our
OCT findings can be explained according to the theory on
the mechanisms of fluid movement proposed by Marmor
[34]. He reports that the ELM, which consists of the zonula
adherens between Miiller cells and photoreceptors at the
base of the outer segments, works as a weak anatomic
barrier to the movement of large protein molecules in the
retina.
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Fig. 3 Good recovery of vision in eyes with submacular hemorrhage
associated with polypoidal choroidal vasculopathy. a A- 66-year-old
woman with a sudden decrease of vision in the right eye (0.2 OD), at
which time she had a large submacular hemorrhage. b Initial
horizontal (upper) and vertical (lower) optical coherence tomographic
images along the white arrows shown in the fundus photograph show
intensive hyperreflectivity of the submacular hemorrhage beneath the
neurosensory retina. Several hyperreflective dots are seen in the

Previous reports on the natural history of submacular
hemorrhage suggest that exudative AMD is associated with
poor visual prognosis, especially when subretinal fibrosis is
observed after the resolution of the hemorrhage [3, 5]. In
the current study, 64.5 % of the eyes exhibited a subfoveal
mass at the final examination; the thickness of this mass
was strongly correlated with the final VA. In addition,
recent studies with OCT show that the integrity of the
foveal photoreceptor layer—especially its outer aspect—is
necessary if good visual function is to be achieved [35]. A
few years ago, Hayashi et al. [36] reported the association
between intact foveal IS/OS and good VA after the suc-
cessful treatment of exudative AMD with photodynamic
therapy. Oishi et al. [37] suggest that foveal ELM is
associated with final VA in exudative AMD treated with
photodynamic therapy. Consistent with these reports, our
study shows that after complete resolution of the

neurosensory retina; but the structure of the neurosensory retina
seems to be well preserved. The line of the junction between inner
and outer segments of the photoreceptors (IS/OS) is seen under the
fovea. ¢ At 12 months, the submacular hemorrhage was completely
absorbed. d Horizontal (upper) and vertical (lower) optical coherence
tomographic images along the white arrows show good preservation
of the neurosensory retina. The IS/OS line is seen under the fovea and
visual acuity has improved to 0.8 OD

submacular hemorrhage, complete detection of the IS/OS
and ELM lines are correlated with final VA.

So far, various factors have been suggested to be asso-
ciated with visual prognosis, including the initial VA [4, 5],
size or thickness of the submacular hemorrhage [3, 4, 6],
and etiology of the original disease [3, 5]. As mentioned
above, visual prognosis was poor in the eyes with subma-
cular hemorrhage resulting from exudative AMD [3],
especially in the eyes with subretinal CNV [5]. While the
relationship between the size of the hemorrhage and
the final VA varies, most previous studies indicate that the
initial thickness of the hemorrhage is associated with visual
prognosis [3, 4, 6]. However, in those studies, the thickness
of the submacular hemorrhage was evaluated as the ele-
vation of the neurosensory retina detected by stereoscopic
photography; no quantitative evaluations were performed.
In the current study, the initial size of the hemorrhage was
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Fig. 4 Poor recovery of vision in eyes with submacular hemorrhage
associated with polypoidal choroidal vasculopathy. a A 67-year-old
man with a sudden decrease of vision in the left eye (0.4 OS), at
which time he was noted to have a massive submacular hemorrhage.
b Initial optical coherence tomographic image along the white arrows
shown in the fundus photograph reveals intensive hyperreflectivity
of the submacular hemorrhage beneath the neurosensory retina.

not correlated with the final VA. However, the thickness
and density of the hemorrhage were both weakly correlated
with final VA.

1t is certain that the integrity of the outer photoreceptor
layer in the fovea contributes to VA [35-38]. In the current
study, initial detection of the ELM line beneath the fovea
was correlated with the initial but not final VA. While the
foveal ELM was initially detected in 21 eyes, complete
detection was achieved at the final examination in only 16
eyes. The chronic harmful effects of submacular hemor-
rhage include damage to the foveal photoreceptor layer,
which results in a decline in VA [16]. However, the initial
detection of the foveal IS/OS line was correlated with
visual prognosis. The inner and outer segments of the
photoreceptor layer located outside the ELM, which are
assumed to function as a blockade against hemorrhage
infiltration [34], are vulnerable to acute submacular hem-
orrhage [19, 39]. The foveal IS/OS line was detected
completely at the initial visit in only three of our patients.
In such eyes, acute effects on the neurosensory retina may
be minimal, resulting in good visual prognosis.

In experimental studies with animal models, the sug-
gested mechanisms of damage to the photoreceptor layer

‘2_}_ Springer

. Amorphous hyperreflectivity and hyperreflective dots are seen in

overlying neurosensory retina. The line of the junction between inner
and outer segments of the photoreceptors (IS/OS) is not detectable
under the fovea. ¢ At 14 months, the submacular hemorrhage has
been absorbed completely. d Optical coherence tomographic image
along the white arrows shows a thick subfoveal deposit. The IS/OS
line is seen under the fovea, but visual acuity remained 0.3 OS

include clot retraction [19], iron toxicity [20, 21], and
blockage of nutrient diffusion by iron [18]. Submacular
hemorrhage may block the exchange of nutrients and
metabolites between the neurosensory retina and RPE [18].
The chief toxic agent released from submacular hemorrhage
is thought to be iron in the form of ferritin [2]. In an
experimental model of submacular hemorrhage, increased
iron levels in the outer segments of the photoreceptor layer
are thought to exert a toxic effect on the outer segment
lipids via oxidative stress [39]. In addition, an experimental
study by Toth et al. [19] shows that fibrin produced by
submacular hemorrhage interdigitates with the outer pho-
toreceptor segments and subsequently tears the sheet of
both the inner and the outer photoreceptor segments. In the
current study, the detection of the foveal IS/OS line at the
initial examination was correlated with good final VA. In
these eyes, the lack of fibrin interdigitation and the low level
of iron toxicity could explain the good visual prognosis.
The limitations of the current study include its retro-
spective nature, various treatment regimens used, and small
sample size. Treatment modality may have some influence
on the visual prognosis {40, 41]. Several factors may be
mutually related, but the number of eyes was too small to
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perform multiple univariate testing. In addition, while no
eyes showed residual submacular hemorrhage at the final
visits, the follow-up period of some eyes was too short to
discuss the visual prognosis [42]. Another limitation is that
the current study involved eyes with typical AMD and
PCV. However, despite these limitations, our findings
suggest that submacular hemorrhages often infiltrate the
overlying neurosensory retina, harming the structure of the
outer retina. As a hallmark of the integrity of the foveal
photoreceptor layer, the initial detection of the IS/OS just
beneath the fovea may be associated with good visual
outcomes. Previous studies report a better visual prognosis
for PCV {43]. We analyzed the subgroups of typical AMD
and PCV to confirm the correlation between the initial
detection of the foveal IS/OS and final VA. Each group
exhibited a similar tendency, but the correlation was not
statistically significant, possibly because of the small
number of eyes in each group. Further prospective studies
are necessary to confirm the correlations reported in the
current study.
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Association of paired box 6 with high myopia in Japanese
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Purpose: The objective of this study was to investigate whether genetic variations in the paired box 6 (PAX6) gene are
associated with high myopia in Japanese subjects.

Methods: A total of 1,307 unrelated Japanese patients with high myopia (axial length >26 mm in both eyes) and two
independent control groups were evaluated (333 cataract patients without high myopia and 923 age-matched healthy
Japanese individuals). We genotyped three tag single-nucleotide polymorphisms (SNPs) in P4X6: 152071754, 5644242,
and rs3026354. These SNPs provided 100% coverage of all phase IT HapMap SNPs within the P4X6 region (minor allele
frequency >0.10; r threshold: 0.90). Chi-square tests for trend and multivariable logistic regression were conducted.
Results: Genotype distributions in the three SNPs were in accordance with the Hardy—Weinberg equilibrium. After
adjusting for age and sex, evaluation of cataract control showed a marginal association with high myopia in rs644242
(odds ratio [95% confidence interval]=0.69 [0.49-0.96], p=0.026), and a significant association was observed in healthy
Japanese controls (0.79 [0.66—0.96], p=0.015). We pooled two control cohorts to evaluate the association. This analysis
revealed a strong association between rs644242 and high myopia (0.78 [0.65-0.92], p=0.0045). The rs644242 A allele was
a protective allele for development of high myopia. Subanalysis also revealed that rs644242 was significantly associated
with extreme high myopia (0.78 [0.64-0.95], p=0.0165). The other two SNPs did not show a significant association with
this condition.

Conclusions: The current study showed a significant association of P4X6 with high and extreme myopia in Japanese
participants. The A allele of rs644242 is a protective allele.

Myopia is the most common visual disorder in the world ~ myopia-susceptibility loci on chromosome 15 [8,9]. We

and presents major public health concerns, especially in East
Asian populations. Eyes with long axial lengths (>26 mm)
or a high degree of myopic refractive error (<—6 diopter [D])
were diagnosed with high myopia [1]. High myopia is associ-
ated with various ocular complications [2], and pathological
myopia is one of the leading causes of legal blindness in
developed countries [3-5]. Therefore, clarifying the patho-
logical pathway that leads to high myopia and developing
methods for preventing or delaying its onset are important.

Myopia is a complex disease caused by environmental
and genetic factors. Although linkage analysis studies
have revealed more than 20 myopia-susceptibility loci and
various candidate genes have been evaluated, most of these
genes were not consistently responsible for high myopia.
Recently, several groups performed genome-wide associa-
tion studies (GWAS); we determined a susceptible locus at
11g14.1 [6] and 5p15 [7], while studies of Caucasians revealed
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demonstrated the association of these susceptibility loci on
chromosome 15 with high myopia in Japanese [10], and a
Chinese study successfully replicated the association between
high myopia and the catenin 62 (CTNND2) gene polymor-
phism in the susceptibility loci 5pl5 we determined [11].
However, although the C allele of CTNND? single nucleotide
polymorphism (SNP) rs6885224 was a risk allele for high
myopia in our study, the replication study showed this allele
was protective against high myopia. Since the expression of
the catenin 82 protein is regulated by transcription factor
Pax6 [12] and PAX6 is another myopia-susceptibility gene,
PAX6 and CTNND2 might cooperatively affect myopia
development. Although several studies have examined the
association between P4X6 and myopia, whether PAX6 is a
susceptibility gene for myopia remains controversial [13-20].
To determine whether P4X6 is associated with high myopia,
we conducted a large-cohort case—control study of Japanese
participants.
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METHODS

All procedures adhered to the tenets of the Declaration of
Helsinki. The Institutional Review Board and the Ethics
Committee of each participating institute approved the proto-
cols. All the patients were fully informed of the purpose and
procedures of the study, and written consent was obtained
from each patient.

Patients and control subjects: In total, 1,307 unrelated Japa-
nese patients with high myopia from the Kyoto University
Hospital, Tokyo Medical and Dental University Hospital,
Fukushima Medical University Hospital, Kobe City Medical
Center General Hospital, and Ozaki Eye Hospital were
included in the study. Comprehensive ophthalmic exami-
nations were conducted on all the patients, which included
dilated indirect and contact lens slit-lamp biomicroscopies,
automatic objective refractions, and measurements of axial

length using applanation A-scan ultrasonography or partial -

coherence interferometry (IOLMaster; Carl Zeiss Meditec,
Dublin, CA). An axial length of at least 26 mm in both eyes
confirmed the patient had high myopia.

Two control cohorts were recruited for this study. The
first cohort was categorized as the selected control group,
and comprised 333 cataract patients with axial lengths of less
than 25.0 mm in both eyes (control 1). These patients were
recruited from the Department of Ophthalmology at Kyoto
University Hospital, the Ozaki Eye Hospital, the Japanese
Red Cross Otsu Hospital, and the Nagahama City Hospital.
In this group, the mean age + standard deviation (SD) was
75.24£7.9 years; 37.2% were men, and 59.5% were women.
Axial length was measured with applanation A-scan ultraso-
nography or partial coherence interferometry before cataract
surgery, and post-surgery, a dilated fundus examination was
performed. If the fundus examination revealed that myopic
changes had occurred, such as lacquer cracks/peripapillary
atrophy, staphyloma, or choroidal neovascularization, the
subject was eliminated from the group.

The second cohort was recruited as a general-population
control. In total, 923 healthy unrelated Japanese individuals
were recruited from the Aichi Cancer Center Research
Institute (control 2). Only individuals at least 35 years of age
were selected to participate in this group, meaning that the
controls were age-matched with the high-myopia cohort. The
mean age £ SD of this cohort was 56.9+11.4 years (p=0.855
compared with the high-myopia cohort); 39.3% were men,
and 60.7% were women.

Genotyping and statistical analyses: Genomic DNAs were
prepared from peripheral blood using a DNA extraction kit
(QuickGene-610L; Fujifilm, Minato, Tokyo, Japan) according
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“to the manufacturer’s protocol, and the A260/A280 optical

density was measured. Extracted DNA was stored at -80
°C until used. Three tag SNPs (rs2071754, rs644242, and
rs3026354) were selected using Tagger software, and
provided 100% coverage for all common phase II HapMap
SNPs (minor allele frequency: >10%; Build: 36.1) within a
22.4-kb region that covered the PAX6 gene on chromosome
11 (r* threshold: 0.90). The samples from patients with high
myopia and the cataract controls were genotyped using a
commercially available assay (TagMan SNP assay with
the ABI PRISM 7700 system; Applied Biosystems, Foster
City, CA). The individuals recruited from the Aichi Cancer
Center Research Institute were genotyped using llumina

- HumanHap 610 Chips (Illumina Inc., San Diego, CA). The

genotype for r$3026354 was obtained from imputed data
using MACH software because it was not included in the Illu-
mina BeadChip. Phase Il HapMap (Build: 36.1) was referred
to for reference sequences.

Deviations from the Hardy—Weinberg equilibrium

(HWE) in genotype distributions were assessed for each
group using the HWE exact test. The chi-square test for
trend or its exact counterpart was used to compare the geno-
type distributions of the two groups. Multiple regression
and logistic regression analysis were performed to adjust
for age and sex. These statistical analyses were conducted
using Software R (R Foundation for Statistical Computing,
Vienna, Austria). A p value of less than or equal to 0.05 was
considered statistically significant. Bonferroni correction was
used for multiple comparisons.

RESULTS

The demographics of the study population are shown in Table
1. The mean axial length of the 2,614 eyes with high myopia
was 29.17+1.84 mm. Of the eyes in this group, 1,878 (71.8%)

were phakic, with a mean refraction of —12.71£4.57 D. In the

control 1 group, the mean axial length of the 666 eyes was
22.87+0.80 mm, and the mean refraction of the phakic eyes
in this group was —0.355+2.96 D.

The genotype counts, associations, and odds ratios (ORs)
for the three SNPs in the high-myopia and control groups are
shown in Table 2. The genotype distributions of the three
SNPs were in HWE (p>0.05). After corrections for age and
sex differences had been made, based on a logistic regression
model, rs644242 showed a marginal association (p=0.026)
with high myopia when evaluated with control 1 (n=333),
and a significant association (p=0.015) when evaluated with
control 2 (n=923); further analysis demonstrated that this
association was still significant after Bonferroni correction.
For the high-myopia group, the odds ratios were 0.69 (95%
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TaBLE 1. CHARACTERISTICS OF THE STUDY POPULATION.
Population characteristics High myopia* Case Control
Control 1} P value Control 2 P value
Patients (n) 1307 333 923
Age (mean+SD; years) 57.1+15.0 75.2£7.9 <0.0001% 56.9+11.4 0.8549%
Sex (n)
Male 427 (32.7%) 124 (37.2%) 0.05626§ 363 (39.3%)  0.0015§
Female 879 (67.3%) 198 (59.5%) 560 (60.7%)
Axial length (mm#+SD)
Right eyes 29.23+1.85 22.84+0.81 NA
Left eyes 29.10+1.82 22.88+0.78 NA
Refraction of the phakic eyes (D) ,
Right eyes —12.86+4.44 —0.411£3.15 NA
Left eyes -12.57+4.71 -0.296+2.77 NA

* Axial length >26.00 mm in both eyes. 1 Individuals who underwent cataract surgery and who had an axial length of <25.00 mm in both
eyes.i Unpaired t test. Compared with the high-myopia group. § Chi-square test. Compared with the high-myopia group. SD: standard

deviation, D: diopter, NA: Not applicable.

confidence interval [CI]: 0.49-0.96) for the rs644242 A allele
when evaluated with control 1, and 0.79 (95% CI: 0.66—0.96)
when evaluated with control 2. Chi-square tests for the trend
also showed that rs644242 was significantly associated with
high myopia when this group was evaluated with control 2
(p=0.015). The two other SNPs did not have any significant
associations with the condition.

Since the allele frequency and the genotype frequency
of the three SNPs were not significantly different (p>0.20)
between control 1 and control 2, we pooled the controls for
further analysis (Table 3). The genotype distributions in the
pooled control were still within HWE. This analysis revealed
that the rs644242 polymorphism was strongly associated
with high myopia. The p value of a chi-square test for the
trend was 0.011, and was 0.0045 after adjusting for age and
sex with a logistic regression model. Since previous studies
have reported on SNP associations with extreme myopia,
the genotype distributions of the three SNPs between the
extreme myopia cases were compared (axial length >28 mm
in both eyes) as a pooled control. After age and sex adjust-
ment and Bonferroni correction, this analysis also showed
a significant association between rs644242 and extreme
myopia (p=0.0165). The OR of this analysis was similar to the
OR for the high-myopia analysis (0.78 [95% CI:0.64-0.95]).
To investigate whether there are more appropriate genetic
association models, we applied other possible ones: dominant,
recessive, and codominant. However, we did not find a more
significant association than the additive model.

Comparisons between the results of the current study
and those of previous studies are summarized in Table 4.
The current study is the first study to prove significant asso-
ciations between a PAX6 SNP and high myopia and extreme
myopia.

DISCUSSION

In the present study, using a relatively large cohort of 2,563
individuals, we showed that P4 X6 is associated with high and
extreme myopia in Japanese. The minor A allele of rs644242
was a protective allele for high and extreme myopia.

The association of PAX6 with common myopia was first
evaluated in a Caucasian cohort. Although genome-wide
linkage scans in a twins study suggested the PAX6 region
was strongly linked to common myopia, further case—control
studies using tag SNPs rejected the hypothesis of an associa-
tion between P4X6 and common myopia [13-15]. Regarding
high myopia, although Han et al., in a Chinese nuclear family
study, reported that two SNPs in P4X6 were associated with
the condition [17], the subsequent case—control study did not
replicate these associations, while haplotype analyses using
16 SNPs revealed the association [19]. Two Chinese reports
also denied an association of PAX6 with high myopia, while
the subgroup analysis showed PAX6 was associated with
extreme myopia [16,20]. However, only 67 and 55 cases were
used in these subgroup analyses, respectively, and therefore,
caution should be applied when interpreting the findings, as
pointed out by Zayats et al. [21].
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TaBLE 2. GENOTYPE COUNTS, ASSOCIATIONS, AND ODDS RATIOS IN PARTICIPANTS WITH HIGH MYOPIA AND CONTROL PARTICIPANTS.

High

6CLT

Single nucleotide myopia Control 1 Control 2
polymorphisms ~ CemOWPe T n Nominalp Adjustedp  Adjusted OR 95% n Nominalp Adjusted P Adjusted OR (95% CI)
value* valuet CI) value* valuet

12071754 (C/T)  CC 326 %0 06l 0.26 1.12 (0.92-1.38) 232 0485 0.497 1.04 (0.93-1.17)
CT 632 156 466
T 344 87 225

rs644242 (C/A) cc 1052 258 012 0.026 0.69 (0.49-0.96) 70 00153 00152 0.79 (0.66-0.96)
CA 237 68 195
AA 14 7 18

13026354 (A/G)  AA 544 42 03 078 1.03 (0.83-1.29) 376 0611 0.638 0.97 (0.86-1.10)
AG 590 155 41
GG 171 34 126

* Differences in the observed genotypic distribution were examined by a chi-square test for trend. + Age and sex adjustment were performed based on a logistic regression model.
CI: Confidence interval, OR: Odds ratio.
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