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REPORTING VISUAL ACUITIES

The AJO encourages authors to report the visual acuity in the manuscript using the same nomenclature that was used in
gathering the data provided they were recorded in one of the methods listed here. This table of equivalent visual acuities
is provided to the readers as an aid to interpret visual acuity findings in familiar units.

;Téble‘ of ,Eyduivale‘,nt Vis‘qéi Acuity Measurements

Snellen Visual Acuities

4 Meters

6 Meters

20 Feet Decimal Fraction LogMAR
4/40 6/60 20/200 0.10 +1.0
4/32 6/48 20/160 0.125 +0.9
4/25 6/38 20/125 0.16 +0.8
4/20 6/30 20/100 0.20 +0.7
4/16 6/24 20/80 0.25 +0.6
4/12.6 6/20 20/63 0.32 +0.5
4/10 6/15 20/50 0.40 +0.4
4/8 6/12 20/40 0.50 +0.3
4/6.3 6/10 20/32 0.63 +0.2
4/5 6/7.5 20/25 0.80 +0.1
4/4 6/6 20/20 1.00 0.0
4/3.2 6/5 20/16 1.25 -0.1
4/2.5 6/3.75 20/12.5 1.60 -0.2
4/2 6/3 20/10 2.00 -0.3

From Ferris FL lil; Kassoff A, Bresnick GH, Bailey I. New visual acuity charts for clinical research. Am J Ophthalmol 1982;94:91-96.
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Prevalence and Genomic Association of Reticular
Pseudodrusen in Age-Related Macular Degeneration

NAOKO UEDA-ARAKAWA, SOTARO OOTO, ISAO NAKATA, KENJjI YAMASHIRO, AKITAKA TSUJIKAWA,
AKIO OISHI, AND NAGAHISA YOSHIMURA

e PURPOSE: To survey the prevalence of reticular
pseudodrusen in late age-related macular degeneration
(AMD) using multiple imaging methods, and to investi-
gate the association between reticular pseudodrusen and
polymorphisms in complement factor H (CFH) and age-
related maculopathy susceptibility 2 (ARMS2) genes.

* DESIGN: Retrospective case series.

e METHODS: This study included 216 consecutive
patients with late AMD (typical AMD, polypoidal
choroidal vasculopathy [PCV], retinal angiomatous
proliferation [RAP], or geographic atrophy). Eyes were
assessed for reticular pseudodrusen using the blue
channel of color fundus photography, infrared reflec-
tance, fundus autofluorescence, and spectral-domain
optical coherence tomography. The major AMD-
associated single nucleotide polymorphisms (CFH Y402
rs1061170, CFH 162 V rs800292, and ARMS2 A69S
rs10490924) were genotyped.

¢ RESULTS: Forty-nine eyes of 30 patients had a reticular
pattern in 22 imaging modalities and were diagnosed with
reticular pseudodrusen. Of these, 16 had bilateral late
AMD, whereas 32 of 186 patients without reticular pseu-
dodrusen had bilateral late AMD (P < .001). The prev-
alence of reticular pseudodrusen was 83% in RAP, 50%
in geographic atrophy, 9% in typical AMD, and 2% in
PCV. The frequency of the T allele in ARMS2 A69S
in patients with and without reticular pseudodrusen was
78.6% and 59.9%, respectively (P = .007).

e CONCLUSIONS: The prevalence of reticular pseudodru-
sen was low in PCV cases. About 50% of patients with
reticular pseudodrusen had bilateral late AMD. The
connection of ARMS2 risk allele and reticular pseudo-
drusen was confirmed in a Japanese population. (Am
J Ophthalmol 2013;155:260-269. © 2013 by Elsevier
Inc. All rights reserved.) '
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Grading System as one type of drusen that form
ill-defined networks of broad interlacing ribbons,
were first identified using blue-light fundus photography.!
Arnold and associates described a yellowish interlacing
network of oval-shaped or roundish lesions, termed retic-
ular pseudodrusen, with a diameter of 125-250 um that
were seen in red-free fundus photography and infrared
scanning-laser ophthalmoscopy (SLO).> Recently, retic-
ular pseudodrusen have been recognized as an additional
distinctive morphologic feature observed in age-related
macular degeneration (AMD).* Furthermore, several
reports have suggested that reticular pseudodrusen are asso-
ciated with a high risk of progression to late AMD.>8
In the longitudinal Beaver Dam Eye Study, reticular
pseudodrusen were found to confer a high risk of
progression to late-stage AMD, with twice the risk
compared with eyes with soft drusen.®
The development of new imaging methods, such as
confocal SLO and spectral-domain optical coherence
tomography (SD OCT), has led to improvements in diag-
nosing reticular pseudodrusen.*"!* Previous reports
showed that near-infrared reflectance (IR), fundus auto-
fluorescence (FAF), and SD OCT were more useful than
conventional fundus photography to detect reticular
pseudodrusen and suggested that the assessment of retic-
ular pseudodrusen should involve multiple imaging
methods. #7-10:13.14
Existing evidence suggests an association of AMD with
polymorphisms in the complement factor H (CFH) gene
and age-related maculopathy susceptibility 2 (ARMS2)
gene.>?* Among the various polymorphisms, the Y402H
and 162V variants in the CFH gene and the A69S
variant in the ARMS2 gene have been reported to show
an association with AMD.>?* Recently an association
between reticular pseudodrusen and polymorphisms in
these genes has been reported.%* Klein and associates
showed that the prevalence of reticular pseudodrusen was
higher in those homozygous (CC) or heterozygous (TC)
for CFH Y402H than in those without this variant
(TT).2 On the other hand, Smith and associates demon-
strated that CFH Y402H risk variant was significantly asso-
ciated with the absence of reticular macular disease but
enhanced risk for reticular macular disease was conferred
by the ARMS2 A69S risk allele.?” Thus, to date, the asso-

ciation between reticular pseudodrusen and genomic

R ETICULAR DRUSEN, DESCRIBED IN THE WISCONSIN
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background has not reached a consensus. In addition, little
is known about the distribution of reticular pseudodrusen
in each AMD subtype.

The purpose of this study was to survey the prevalence of
reticular pseudodrusen in late AMD using multiple imaging
methods and, moreover, to investigate the association of
high-risk alleles in the CFH (Y402H, rs1061170 and
162V, 15800292) and ARMS2 (A69S, rs10490924) genes
with reticular pseudodrusen. Several terminologies have
been used to describe this clinical feature.>>*'* In
this report, we use the term “reticular pseudodrusen”
according to the nomenclature by Arnold and associates.’

METHODS

WE RETROSPECTIVELY REVIEWED THE MEDICAL RECORDS OF
249 consecutive patients with newly diagnosed late AMD
who first visited the Macular Service at Kyoto University
Hospital between August 3, 2009 and July 21, 2011.
Subjects included in this study were >50 years of age and
had either typical AMD, polypoidal choroidal vasculop-
athy (PCV), retinal angiomatous proliferation (RAP), or
geographic atrophy. The diagnosis of PCV was based on
the indocyanine green angiography (IA) showing a branch-
ing vascular network terminating in polypoidal swelling.
The diagnosis of RAP was based on the criteria of Yannuzzi
and associates®® via fundus photography, fluorescein angi-
ography (FA), IA, and SD OCT. Neovascular AMD other
~ than PCV or RAP was defined as typical AMD. Geographic
-atrophy was defined using color fundus photography as
a sharply delineated area (at least 175 pm in diameter) of
hypopigmentation, depigmentation, or apparent absence
of the retinal pigment epithelium (RPE) in which
choroidal vessels were clearly visible. Eyes with other
macular abnormalities (ie, pathologic myopia, idiopathic
choroidal neovascularization, presumed ocular histoplas-
mosis, angioid streaks, other secondary choroidal neovas-
cularization, central serous chorioretinopathy, epiretinal
membrane, or retinal arterial macroaneurysm) were
excluded from this study. All diagnoses were made by
3 retinal specialists (S.O., K.Y., and A.T.) who observed
the images together and discussed each case; however,
afourth specialist (N.Y.) was consulted in case of a disagree-
ment between the 3 initial reviewers. The fourth specialist
made a decision in 13 of the 249 patients (5.2%). Patients
were included only if at least 3 specialists agreed on the
diagnosis.

All study investigations adhered to the tenets of the
Declaration of Helsinki, and the study protocol was
approved by the Institutional Review Board and the Ethics
Committee of Kyoto University Graduate School of Medi-
cine prior to the study. Written informed consent was
obtained from all patients who were genotyped. Because
this was a retrospective study, written informed consent
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for research participation was not obtained, but the nature
of this study was explained on our website.

¢ MULTIMODAL IMAGING METHODS: All patients under-
went a complete ophthalmologic examination, including
measurement of best-corrected visual acuity, determina-
tion of intraocular pressure, indirect ophthalmoscopy,
slit-lamp biomicroscopy with a noncontact lens, color
fundus photography, SD OCT, IR, FAF, FA, and IA.

Color fundus photographs (field, 30-40 degrees) were
obtained digitally using a Topcon TRC NW6S nonmydri-
atic retinal camera (Topcon, Tokyo, Japan) after medical
dilation of the pupil (phenylephrine 0.5% and tropicamide
0.5%). To examine the blue channel of the color photo-
graphy, Image] software (National Institutes of Health,
Bethesda, Maryland, USA) was used to display the
individual color channels (red, green, and blue) of the
obtained photographs. In Image], the command path of
Image > Color > Split Channels was used. Subsequently,
the command path of Image > Adjust> Brightness/
Contrast was used if needed. Adjustment was performed
automatically using the Image] software before grading.

IR, FAF, FA, and IA images were acquired using
a confocal SLO (Spectralis HRA+OCT; Heidelberg Engi-
neering, Heidelberg, Germany). The IR images were
obtained using a light stimulus of 820 nm. The FAF images
were obtained using an excitation light of 488 nm and
a barrier filter beginning at 500 nm. The field of view was
set to 30 X 30 degrees centered on the macula.

SD OCT was conducted using a Spectralis HRA+OCT
(Heidelberg Engineering). First, horizontal and vertical
line scans through the fovea center were obtained at
a 30-degree angle, followed by serial horizontal scans
with an examination field size ranging from 30 X 10
degrees to 30 X 25 degrees, depending on the case. At
each location of interest on the retina, 50 SD OCT images
were acquired and averaged to reduce speckle noise.

o DEFINITION OF THE RETICULAR PSEUDODRUSEN USING
MULTIMODAL IMAGING: First, the quality of each image

was evaluated by an experienced ophthalmologist
(N.U.A.) and patients with adequate image quality in
both eyes were included. Image quality was evaluated twice
on all other days, and only images having an eligible quality
during both evaluations were used. All these images were
evaluated for the detection of reticular pseudodrusen by
2 independent experienced ophthalmologists (N.U.A.
and S.0.). The evaluation of each image was performed
referring to the corresponding images obtained from other
imaging modalities. FA images were also referred to in
order to distinguish reticular drusen from other lesions
such as basal laminar drusen. In case of any discrepancy,
a third experienced ophthalmologist (A.T.) was asked to
arbitrate. In the current study, eyes diagnosed as having
reticular pseudodrusen were those with reticular patterns
in more than 2 of the following: the blue channel image
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FIGURE 1. Reticular patterns in late age-related macular degeneration in multimodal imaging. (Top row, left) Color fundus photog-
raphy. (Top row, right) Blue channel of contrast-enhanced color fundus photography. For color fundus or the corresponding blue
channel of contrast-enhanced color fundus photography, reticular pattern is identified as light interlacing networks (arrows). (Second
row, left) Infrared reflectance (IR). Reticular IR is identified as a grouping of hyporeflectant lesions against a background of mild
hyperreflectance with analogous characteristics (arrows). (Second row, middle) Fundus autofluorescence (FAF). Reticular FAF is
identified as a grouping of ill-defined, hypofluorescent lesions against a background of mildly elevated FAF (arrows). (Second row,
right) Indocyanine green angiography (late phase). A pattern of hyporeflective dots is seen (arrows) corresponding to the reticular
pattern in color fundus photography. (Bottom) Spectral-domain optical coherence tomography (SD OCT). Vertical line scan thor-
ough the fovea in the direction of the green arrow in Second row, left shows reticular lesions identified as hyperreflective mounds or
triangular lesions above the retinal pigment epithelium (arrows).

of color fundus photography, IR, FAF, or SD OCT. For the
blue channel of contrast-enhanced color fundus photo-
graphy, a reticular pattern was identified as light interlacing
networks that were 125-250 pm wide (Figure 1).2 Reticular
autofluorescence was defined as a group of ill-defined, hypo-
fluorescent lesions against a background of mildly elevated
AF (Figure 1).!1? Reticular IR was defined as a group
of hyporeflectant lesions against a background of
mild hyperreflectance with analogous characteristics
(Figure 1).1* SD OCT reticular lesions were defined as
>5 hyperreflective mounds or triangular lesions above
the RPE in >1 B-scan (Figure 1).1°

¢ GENOTYPING: Genomic DNA was prepared from leuko-
cytes of peripheral blood with a DNA extraction kit
(QuickGene-610L; Fujifilm, Tokyo, Japan). Of the 216
patients who met the inclusion criteria, genomic data
from 11 patients were not available because of the

262 AMERICAN JOURNAL OF OPHTHALMOLOGY

following reasons: (1) consensus of blood extraction was
not achieved; (2) genotyping was not possible because of
the preservation state. Thus, analyses for genomic data
were limited to 205 patients. We genotyped the major
AMD-associated single nucleotide polymorphism (SNP),
CFH Y402 rs1061170, 162V rs800292, and ARMS2
A69S 1510490924. The SNPs were genotyped using
TagMan SNP assays with the ABI PRISM 7700 system
(Applied Biosystems Inc, Foster City, California, USA),
according to the manufacturer’s instructions. ‘

¢ STATISTICAL ANALYSIS: Statistical analysis was per-
formed using SPSS 17 software (SPSS Inc, Chicago, lli-
nois, USA). All values are presented as a mean = standard
deviation (SD). For statistical analysis, visual acuity
measured using a Landolt chart was converted to the loga-
rithm of the minimal angle of resolution (logMAR). Mann-
Whitney U tests were used to compare data from 2 groups
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TABLE 1. Charactenstlcs of PaUen‘ts Wih ‘La S Age-Related Macu

egenera 'n m This Study

Typical AMD PCV

RAP Geographvc Atrophy

Combined?® Totat

No. of patients (%) 97 (44.9) 87 (40.2) 12 5.6) 12 (5.6) 8137 216 (100)
Sex, n (%)

Men 76 (78) 70 (80) 433 7 (68) 4.(50) 161 (75)

Women 2122 17 (20) 8 (©67) 542 4 (50) 55 (25)
No. of affected eyes (%) :

Two 17 (18 910 542 9 (75) 8 48 (22)

One 80 82 78 (30) 758 35 168 (78)
Age (mean = SD) 74.8+ 83 71.5+84 81.3+82 723+93 823+29 739+87

AMD = age-related macular degeneraton PCV polypmdal chorondal vasculopaﬁ'\y, RAP-—rennal anglomatous proliferation;

SD = standard deviation.

3Patients with typical AMD, PCV RAP or geographlc aimphy in 1 eye and anothertype of AMD in The other eye (4typ1cal AMD and PCV, 1
typical AMD and RAP, 1 typical AMD and geographic atrophy, 1 geographlc atrophy and RAP and 1 geographlc atrophy and PCV).

in which normal distributions were not verified. To
compare ratios between the 2 groups, X* tests were used.
P < .05 was considered statistically significant.

RESULTS

IN THIS STUDY, DATA OF 249 CONSECUTIVE PATIENTS WITH
late AMD were retrospectively reviewed; however, 5
patients with an eye with phthisis bulbi and 28 patients
with poor image quality were excluded. (The intraobserver
agreement for grading of image quality was 94.6%.) Thus,
216 patients were included in this study. All patients
were Japanese. The patients comprised 161 men and 55
women, aged 51-92 years (mean = SD, 73.9 +8.7).
Among them, 97 patients (44.9%) had typical AMD, 87
(40.2%) had PCV, 12 (5.6%) had RAP, and 12 (5.6%)
had geographic atrophy. Eight patients had a different
type of late AMD in both eyes that was defined as
“combined.” (Four patients had typical AMD in 1 eye
and PCV in the other eye. The other combinations were
typical AMD and geographic atrophy, typical AMD and
RAP, geographic atrophy and PCV, and geographic atrophy
and RAP. The visual acuity of these patients ranged from
20/2000 to 20/12 (mean logMAR = 0.33 = 0.52). Spherical
equivalent refractive error ranged from -5.50 diopters (D)
to +4.50 D in the eyes with late AMD, and ranged from
-18.375 D to +3.875 D in the fellow eyes without late
AMD (4 eyes with high myopia [<-6 D] were included in
the fellow eyes). Sixty-eight eyes had pseudophakia. The
characteristics of the participants are summarized in Table 1.

Using color fundus photography, IR, FAF, or SD OCT, it
was determined that out of 432 eyes, 30 eyes (6.9%),
65 eyes (15.0%), 45 eyes (10.4%), and 47 eyes (10.9%),
respectively, had a reticular pattern. (Inter- and intraob-
server agreements for grading for the detection of reticular
pseudodrusen are shown in Table 2.) Furthermore, 49 eyes
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(11.3%) of 30 patients had a reticular pattern according to
>2 imaging modalities, and were defined as having reticular
pseudodrusen. Reticular pseudodrusen was confirmed bilat-
erally in 19 of these 30 patients (63.3%) and unilaterally in
11 patients (36.7%). In all 11 patients with unilateral retic-
ular pseudodrusen, the other eye had neovascular AMD (4
were RAP, 6 were typical AMD, and 1 was PCV). In 38 of
49 eyes (77.6%) with reticular pseudodrusen, a pattern of
hyporeflective dots was detected in the middle- and late-
phase IA corresponding to the reticular pattern detected
in IR and FAF (Figure 1).

The characteristics of patients with reticular pseudo-
drusen (30 patients [13.9%]) and patients without reticular
pseudodrusen (186 patients) are summarized in Tables 3
and 4, respectively. Of the 30 patients with reticular
pseudodrusen, 19 (63.3%) were women, whereas only 36
of 186 patients without reticular pseudodrusen (19.4%)
were women (P < .001, x* test). The mean age of the
patients with reticular pseudodrusen was 80.6 =+ 6.8 yeats
(range, 65-92 years), which was significantly higher than
that of patients without reticular pseudodrusen
(72.8 = 8.5 years; range, 51-92 years; P < .001, Mann-
Whitney test). In addition, 16 of 30 patients with reticular
pseudodrusen (53.3%) had bilateral late AMD, whereas
only 32 of 186 patients without reticular pseudodrusen
(17.2%) had bilateral late AMD (P < .001, xz test). In
patients over 70 years old, 15 of 28 patients with reticular
pseudodrusen (53.6%) had bilateral late AMD, whereas
26 of 118 patients without reticular pseudodrusen
(22.0%) had bilateral late AMD (P = .001, x2 test).

The prevalence rate of reticular pseudodrusen was
different according to the disease type of late AMD: 10 of
12 patients with RAP (83.3%), 6 of 12 patients with
geographic atrophy (50.0%), 9 of 97 patients with typical
AMD (9.2%), 2 of 87 patients with PCV (2.2%), and 3
of 8 patients with combined subtype (Table 5). In patients

over 70 years old, the prevalence of reticular pseudodrusen
was 10 of 11 patients with RAP (90.9%), 5 of 7 patients
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TABLE 2 Infra- and Interobserver Agreements for Grading of the Detection of Reticular Péeudodrusen
in Late Age-Related Macular Degeneration

Blue Channel®

IR FAF

SDOCT
Intracbserver agreements
Accordance rate (%) 96.9 4.6 95.3 9.3
Kappa coef cient (95% con dence interval) 0.72 (0.57-0.86) 0.78 (0.62-0.86) 0.74 (0.63-0.85) 0.91 (0.85-0.98)
Interobserver agreements
Accordance rate (%) 4.7 91.4 91.2 97.9
Kappa coef cient (95% con dence interval) 0.62 (0.47-0.76) 0.64 (0.54-0.75) 0.61 (0.50-0.72) 0.89 (0.81-0.96)

FAFE = ﬁjndus auto uoréscehce; IR= 'near-infraréd re ectance; SD OCT= spectalidomain optical cohérencé tomography.

#Blue channel of color fundus photography. -

TABLE 3. Characteristics of Patients With Reticular Pseudodrusen in Late Age-Related Macular Degeneration

Typical AMD PCV RAP Geographic Atrophy Combined® Total

No. of patients 9 2 10 6 3 30
Sex, n (%)

Men 5 (56). 0 330 233 133 11 (37)

Women 4 (44) 2 (100) 7 (70 4.©67) 267 19 63)
No. of eyes with AMD (%) .

Two 333 0 4.(40) 6 (100) 3 16 (83)

One 6 67) 2 (100 6 (60) 0O 14 (47)
Age (mean + SD) 79.1 £ 6.6 82042 824+77 783+ 80 83.0x26 806+ 6.8

AMD age-related macular degeneraton PCV polypondal choroidal vasculopathy, RAP = retinal anglomatous prollfera’uon

SD= standard devnaton

aPa’uents with typical AMD PCV, RAP, or geographlc atrophy in 1 eye and ano’ther type of AMD inthe other eye (1 RAP and GA, 1 AMD and

RAP, and 1 AMD and PCV).

¥

with geographic atrophy (71.4%), 8 of 67 patients with
typical AMD (11.9%), and 2 of 53 patients with PCV
(3.8%) (Supplemental Table, available at AJO.com).

In 28 patients with reticular pseudodrusen and 177
patients without reticular pseudodrusen, the frequency of
the minor allele in CFH 162 V polymorphism was 21.4%
and 23.0%, respectively (Table 6). Upon analyzing the
genotype, we determined the G allele did not contribute
to reticular pseudodrusen (P =.865). The frequency of
the C allele in CFH Y402H was 14.3% and 16.7%, respec-
tively, in the patients with and without reticular pseudo-
drusen (Table 6). The 2 X 2 table from the allele x* test
revealed no C allele contribution to reticular pseudodrusen
(P =.845).

In contrast, the A69S polymorphism in the ARMSZ2 gene
" apparently contributed to reticular pseudodrusen (Table 6).
The frequency of homozygosity for the at-risk genotype
(TT) of A69S was 60.7% and 38.4%, respectively, in
patients with and without reticular pseudodrusen. Further-
more, the frequency of the T allele in A69S was 78.6%
and 59.9%, respectively. When examined with a 2 X2
table from the allele ¥ test, we found the T allele contrib-
uted significantly to reticular pseudodrusen (P = .007).
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DISCUSSION

RETICULAR PSEUDODRUSEN HAS TRADITIONALLY BEEN
identified with blue-light fundus photography. However,
with the development of various imaging modalities, recent
studies have suggested that additional methods such as FAF,
IR imaging, and SD OCT would facilitate the identification
of reticular pseudodrusen.*>"?1913:14 T ]l these cited
studies, multiple imaging modalities were used to detect
reticular pseudodrusen, with diagnosis based on the least
positive modality. However, the reticular pattemn is
sometimes subtle and difficult to distinguish from other
alterations (soft/hard drusen) when using only 1 imaging
modality (Figure 2). Therefore, we used 4 imaging methods.
Reticular pseudodrusen-affected eyes were defined as those
with reticular patterns discovered with the use of >2
imaging modalities. Among these 4 modalities, IR showed
the highest sensitivity for detecting reticular pseudodrusen,
consistent with previous studies.”*

Previous reports suggest that [A is also useful for detect-
ing reticular pseudodrusen.!*?”?® Here, we reviewed IA
images from patients with reticular pseudodrusen. In
many eyes, hyporeflective dots were detected in the
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TABLE 4. Charactenstcs of Patients W’thout Re’ucular Pseudodrusen in Late Age—Related Macular Degenera’uon

Typical AVID PCV

RAP Geographxc Atrophy Combined?® Total

No. of patients 88 85 2 6 5 186
Sex, n (%)

Men 71 @81) 70 82 1 (B0 5(83) 3 (60) 150 81)

Women 17 (19) 15(18) 1 B0) 1007 v 2 (40) 36 (19)
No. of eyes with AMD (%)

Two 14(16) aqan 1 (50) 3(50) 5 (100) 3217

One 74 84) 76 (89) 160 3(60) 154 83)
Age (mean + SD) 742+ 83 71.3+ 84 76.0+11.3 66.2+ 6.2 81.8+33 728+ 85

AMD = age-related macular degeneration; PCV= polypbidal choroidal vasculopathy; RAP =retinal angiomatous - proliferation;

SD = standard deviation.

#Patients with typical AMD, PCV, RAP, or geographic atrophy in 1 eye and another type of AMD in the other eye (1 RAP and geographlc

atrophy, 1 AMD and RAP, and 1 AMD and PCV).

TABLE 5. Prevalence of Reticular Pseudodrusen in Each
Disease Type of Late Age-Related Macular Degeneration

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

Typical AMD 97 9 9.2
PCV 87 2 22
RAP 12 10 833
Geographic atrophy 12 6 50.0
Combined? 8 3 375

AMD = age-related macular degeneration; PCV = polypoidal
choroidal vasculopathy; RAP = retinal angiomatous proliferation.

Patients with typical AMD, PCV, RAP, or geographic atrophy
in 1 eye and another type of AMD in the other eye (4 typical AMD
and PCV, 1 typical AMD and RAP, 1 typical AMD and geographic
atrophy, 1 geographic atrophy and RAP, and 1 geographic
atrophy and PCV).

middle and late phases of reticular pseudodrusen
development. These dots correspond to the reticular
pattern detected in IR and FAF. Smith and associates
reported that IA detected reticular pseudodrusen with
100% sensitivity, although the sample size was small.}*
Our findings suggest that IA is a useful method to detect
reticular pseudodrusen.

In our study, the proportion of women was higher in the
reticular pseudodrusen group than in the group without
reticular pseudodrusen. Patients with reticular pseudo-
drusen were older than those without. These results are
consistent with previous reports indicating that women
and older patients are more likely to have reticular pseudo-
drusen.>*1%1* In addition, many reticular pseudodrusen
patients in our study had bilateral late AMD. Armold and
associates reported that CNV was found in 66 of 100
patients with reticular pseudodrusen; bilateral CNV was
found in 24 patients.’ Pumariega and associates showed
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that reticular pseudodrusen was associated with progression
to late AMD in the fellow eye.® Thus, ophthalmologists
should be aware that patients with reticular pseudodrusen
have the risk of bilateral late AMD and should conduct
follow-ups on these patients.

The prevalence of reticular pseudodrusen has been
described in several reports. A population-based study
revealed that the overall prevalence was 0.7% in the general
population. The associated 15-year incidence increased from
0.4% to 6.6% with age, which is similar to the trend
observed for AMD.® In AMD patients, the prevalence of
reticular pseudodrusen ranged from 9% to 36%.>*191 In
the current study, reticular pseudodrusen was detected in
14% of patients with late AMD. This small number may
be explained by the following reasons: the diagnosis of
reticular pseudodrusen was based on reticular patterns as
observed in >2 imaging modalities; our cohort included
many patients with PCV, in whom reticular pseudodrusen
was rarely detected; our subjects were younger (mean age,
73.9 years) than the subjects studied by Cohen and
associates (mean age, 79.5 years) * and our study had
relatively fewer women than those in previous reports,
although the sex distribution was similar to that of other
Japanese AMD studies.” Considering that women are
more likely than men to have reticular pseudodrusen, sex
distribution may be one of the reasons for low prevalence
of reticular pseudodrusen. Reticular pseudodrusen may fade
with post-CNV  development.'* Smith and associates
included only the fellow eyes of patients with unilateral
CNV." The current study included patients with bilateral
CNV; some of these patients may have had reticular pseudo-
drusen before CNV development. We speculate that there
may be ethnic differences in the reticular pseudodrusen
prevalence between Japanese and white populations, similar
to the varying prevalence of soft drusen among AMD
patients.’>** A recent Korean study indicated that ethnic
differences may be associated with certain clinical features.*?

PREVALENCE AND GENOMIC ASSOCIATION OF RETICULAR PSEUDODRUSEN 265



' TABLE 6. Distribution of Genotype of ARMS2 AB9S, CFHIE2V, :

Reticular Pseudodrusen {+) (h=28)

Reticular Pseudodrusen ¢) (h=177) ‘

Genotype, n %) Allele, n 06) Genoi&pe, n %) Allele, n %) P?
ARMS2 ABSS GG GT TT G T GG GT TT G T
136 108357 17007 121214 44(786) 33(187) 76429 63(384) 142407 212(99 .007
CFHI62V AA AG GG A G AA AG GG A G
40043 40143 20(71.4 12214 44786 16L1) 49278 111631 8130 271(77.00 .865
CFH Y402 CcC CT T C T CcC CT T C T

136 6@R14 21(/50 8(143) 48(857 740 45254 125706 59(167) 205833 .845

*P value with 2 x 2 table of alte!exztest foritsexactcounterpart.

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
the 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.”1%?* The Y402H and
162V variants, in particular, have been specifically

reported to be associated with AMD.'*1%%* I 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 is approximately 40%.!%%* However, 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.!”?*7* 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 ARMS2 risk allele
and reticular pseudodrusen apparently lead to late AMD
may suggest a common mechanism. Although the
function of ARMS?2 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.

Qur 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. Prevalence of Reticular
Pseudodrusen in Patients va 70 Years ofv

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

Typical AMD 67 8 11.9
PCV 53 2 38
RAP 1 10 0.9
Geographic atrophy 7 5 7.4

Combined? 8 3 375

chomldalvasculopathyRAP rennal ang|o :

aPatients with typical AMD, PCV, RAP or geographlc Uophy
in1eyeand anoﬂwertypeofAMDmﬂ'\ o ,ereye (4 cal AMD
and PCV, 1 typical AVD and RAP, 1 typical AMD and geographlc"
atrophy, 1 geographic atrophy and RAP and 1 ge) raphlc
atrophy and PCV). -
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Factors Associated With the Response of Age-Related
Macular Degeneration to Intravitreal
Ranibizumab Treatment

KENJI YAMASHIRO, KAORUKO TOMITA, AKITAKA TSUJIKAWA, ISAO NAKATA,
YUMIKO AKAGI-KURASHIGE, MASAHIRO MIYAKE, SOTARO OOTO, HIROSHI TAMURA, AND
NAGAHISA YOSHIMURA

® PURPOSE: To investigate factors affecting patient re-
sponse to intravitreal ranibizumab treatment for age-
related macular degeneration (AMD).

® DESIGN: Retrospective chart review.

® METHODS: We reviewed medical records of 105 con-
secutive eyes with AMD treated with intravitreal ranibi-
zumab injections and followed for more than 1 year after
treatment. Response to ranibizumab treatment was com-
pared between typical neovascular AMD and polypoidal
choroidal vasculopathy (PCV). Furthermore, we inves-
tigated associations of age, lesion size, and single nucle-
otide polymorphisms (SNPs) in CFH and ARMS2 genes
with treatment response.

® RESULTS: Forty-nine eyes were diagnosed with typical
neovascular AMD and 56 eyes with PCV. Serous retinal
detachment and retinal edema resolved similarly in both
typical neovascular AMD and PCV after treatment.
However, visual acuity (VA) significantly improved in
eyes with PCV, whereas VA was maintained in typical
neovascular AMD. At the third and twelfth months after
injection, VA was better in PCV than in typical neovas-
cular AMD (P = .027 and P = .044, respectively),
although there were no differences in baseline VA
between the 2 groups. Age and size of greatest linear
dimension were significantly associated with visual prog-
nosis in typical neovascular AMD but not in PCV. There
was no clear association between 3 SNPs and responsive-
ness to ranibizumab treatment.

® CONCLUSIONS: Although exudative changes were
equivalent following ranibizumab treatment in both typ-
ical neovascular AMD and PCV, there was a significant
increase in VA in PCV compared to typical neovascular
AMD. Age and greatest linear dimension correlated with
visual prognosis only in typical neovascular AMD and
not in PCV. (Am J Ophthalmol 2012;154:125-136.
© 2012 by Elsevier Inc. All rights reserved.)
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the leading cause of severe visual impairment in

industrialized countries in people over 50 years of
age. However, anti-vascular endothelial growth factor
(VEGEF) treatment, such as bevacizumab or ranibizumab,
has dramatically improved visual prognosis in patients
suffering from neovascular AMD. After numerous reports
of favorable results following anti-VEGF treatment for
neovascular AMD, anti-VEGF treatment has been ex-
tended to treat eyes with polypoidal choroidal vasculopa-
thy (PCV), a subtype of neovascular AMD. Although
some reports show that PCV is refractory to anti-VEGF
treatment,'? recent studies have demonstrated improve-
ments in visual acuity (VA) after anti-VEGF treatment for
PCV.3>-8

Recently, increasing numbers of studies have compared
the characteristics of PCV and typical AMD.’~* Maruko
and associates demonstrated that Japanese patients with
neovascular AMD could be further characterized into
subtypes including PCV (54.7%), typical neovascular
AMD (35.3%), retinal angiomatous proliferation (4.5%),
and PCV + typical neovascular AMD (5.5%).° They
included predominantly classic choroidal neovasculariza-
tion (CNV), minimally classic CNV, and occult with no
classic CNV into typical neovascular AMD. It has been
reported that there is greater VA improvement in PCV
compared to typical neovascular AMD after photodynamic
therapy (PDT).!° Furthermore, we have previously shown
that there are significant differences in the genetic associ-
ations involved in the development of typical neovascular
AMD and PCV.!! For instance, the ARMS2 gene is more
strongly related to typical neovascular AMD development
than PCV, whereas there is no significant difference in the
association of the CFH gene with typical neovascular
AMD or PCV.

In addition to disease development, recent studies have
examined genetic associations with various treatments for
AMD and PCV; several studies have shown a significant
association between ARMS2/HTRAI and visual outcome
in eyes with AMD and PCV after PDT, whereas a
definitive association with CFH could not be found.!*~1¢
The association of the aforementioned genes with response
to ranibizumab treatment is still controversial. In addition

Q GE-RELATED MACULAR DEGENERATION (AMD) IS
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TABLE 1. bemographics, Retinal_Exudgtive Change, and Visual Acuity of the Neovascular
Age-Related Macular Degeneration Patients Treated With Intravitreal Ranibizumab

Typical Neovascular AMD PCV . P

Number of eyes 49 56
Age (years) 759 8.8 742 = 8.6 NS
Sex (male/female) 34/15 4115 NS
Baseline retinal exudative change

GLD {(um) 4490.4 = 273.9 3988.1 = 322.6 NS

Retinal edema 71.2% 50.0% .025

SRD 69.3% 73.2% NS
Disappearance of retinal exudative

change

3 months 65.3% 62.5% NS

12 months 69.4% 55.3% NS
Visual acuity (logMAR)

Baseline 0.56 = 0.42 0.48 = 0.41 NS

3 months 0.57 = 0.48 0.38 = 0.37° .027

12 months 0.60 = 0.53 0.40 + 0.47° .044

AMD = age-related macular degeneration; GLD = greatest linear dimension; NS = not signifiCant;
. PCV = polypoidal choroidal vasculopathy; SRD = serous retinal detachment.

P < .01 compared with baseline.
bp < 05 compared with baseline.

to genetic associations, baseline VA, CNV lesion size, and
age are important predictors of VA outcomes after ranibi-
zumab treatment for AMD.!7'® However, it is not clear if
these factors are associated with VA outcomes after ranibi-
zumab treatment for PCV.

In the present study, we aimed to elucidate predictive
factors of response to ranibizumab in neovascular AMD. At
first, we compared response to ranibizumab treatment be-
tween typical neovascular AMD and PCV. Furthermore, we
evaluated the correlation of baseline VA, age, and lesion size
to VA outcome after ranibizumab treatment in typical neo-
vascular AMD and PCV patients. In addition, we investi-
gated the association of 3 major AMD-susceptibility single
nucleotide polymorphisms (SNPs) in the CFH (Y402H,
162V) and ARMS2 (A69S) genes and attempted to correlate

their presence with response to ranibizumab treatment.

METHODS

WE RETROSPECTIVELY REVIEWED THE MEDICAL RECORDS OF
105 eyes from 105 consecutive patients with subfoveal neo-
vascular AMD. All patients were treated with 3 loading
intravitreal injections of 0.5 mg ranibizumab (Lucentis; No-
vartis, Biilach, Switzerland) at 1-month intervals and were
followed up for more than 12 months after the initial
treatment at Kyoto University Hospital. Before treatment, all
patients underwent a complete ophthalmologic examination,
including measurement of best-corrected visual acuity (VA),
intraocular pressure testing, indirect ophthalmoscopy, slit-
lamp biomicroscopy with a contact lens, spectral-domain
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optical coherence tomography (OCT) (Spectralis HRA+
OCT; Heidelberg Engineering, Heidelberg, Germany), and
fluorescein and indocyanine green angiography (HRA-2;
Heidelberg Engineering). Best-corrected VA was measured
using a Landolt chart and converted to a logarithm of the
minimal angle of resolution (logMAR) for statistical analysis.
The diagnosis of PCV was based on indocyanine green
angiography, which revealed a branching vascular network
terminating in polypoidal swellings. Typical AMD involved
classic CNV, occult CNV, or a combination of both. Greatest
linear dimension was also determined by indocyanine green
angiography.

Ranibizumab injections were administered in a sterile
manner, and prophylactic topical antibiotics were applied
regularly for 1 week after the injection. After the 3 loading
injections, patients were followed up every month, and
retreatments were performed as required when VA de-
clined more than 0.2 logMAR along with signs of exuda-
tion on OCT or angiography, when retinal thickness
increased greater than 100 pm, or if subretinal fluid,
subretinal hemorrhage, or active CNV persisted or devel-
oped. Photodynamic therapy (PDT) was administered to
some eyes whose retinal edema or subretinal fluid did not
decrease after initial ranibizumab treatment; we judged
that those eyes were resistant to ranibizumab.

Genotyping was performed in 78 patients. Genomic
DNA was prepared from patients’ peripheral blood using a
DNA extraction kit (QuickGene-610L; Fyjifilm, Minato,
Tokyo, Japan). CFH Y402H 1rs1061170, 162V rs800292,
and ARMS2 A69S 1510490924 were genotyped using the
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FIGURE 1. Relationship between visual prognosis after ranibizumab treatment and the age of patients with typical neovascular
age-related macular degeneration. Visual acuity is expressed as a logarithm of the minimal angle of resolution (logMAR). Although
there is no statistically significant correlation between visual acuity (VA) at 3 months and patient age (P = .18, Top left), age was
significantly correlated with VA change at 3 months (P = .040, Top right), VA at 12 months (P = .020, Bottom left), and VA

change at 12 months (P = .0014, Bottom right).

Tagman SNP assay with the ABI PRISM 7700 system
(Applied Biosystems, Foster City, California, USA).

All values are presented as mean * standard deviation.
Patient age, baseline greatest linear dimension, and visual
acuity at baseline, 3 months, and 12 months were com-
pared using unpaired ¢ test between typical neovascular
AMD and PCV. Sex ratio, baseline existence rate of
retinal edema and serous retinal detachment, and disap-
pearance rate of retinal exudative change during follow-up

were compared using x? test between typical neovascular
AMD and PCV. Visual acuity change during follow-up was

" evaluated using a paired t test. Associations of baseline

visual acuity, patient age, and greatest linear dimension to
visual acuity at 3 months and 12 months and visual acuity
change during follow-up were evaluated with the Pearson
correlation test. Associations of genotypes to visual acuity
at 3 months and 12 months and visual acuity change
during follow-up were evaluated with analysis of variance
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FIGURE 2. Relationship between visual prognosis after ranibizumab treatment and the age of patients with polypoidal choroidal
vasculopathy. Patient age did not significantly correlate with VA at 3 months (P = .76, Top left), VA change at 3 months (P =
.37, Top right), VA at 12 months (P = .22, Bottom left), or VA change at 12 months (P = .32, Bottom right).

and post hoc comparisons of Scheffe’s procedure, and
associations to disappearance of retinal exudative change
at 3 months and 12 months were evaluated with x? test for
trend. P values of less than .05 were considered statistically
significant.

RESULTS

DEMOGRAPHICS OF THE STUDY POPULATION ARE SHOWN
in Table 1. Of the 105 eyes evaluated, 49 had typical
neovascular AMD and 56 had PCV. Mean age was not

128 AMERICAN JOURNAL OF OPHTHALMOLOGY

significantly different between the 2 groups. All eyes
presented with an exudative change attributable to AMD:
retinal edema was seen in 35 of 49 eyes (71.4%) with
typical neovascular AMD and in 28 of 56 eyes (50%) with
PCV and serous retinal detachment was seen in 34 of 49
eyes (69.4%) with typical neovascular AMD and 41 of 56
eyes (73.2%) with PCV. All exudative features revealed by
OCT resolved in 32 of 49 eyes (65.3%) with typical
neovascular AMD and 35 of 56 eyes (62.5%) with PCV at
the third month, and in 34 of 49 eyes (69.4%) with typical
neovascular AMD and 31 of 56 eyes (55.4%) with PCV at
the twelfth month. There were no significant differences
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FIGURE 3. Relationship between visual prognosis after ranibizumab treatment and the greatest linear dimension size in typical
neovascular age-related macular degeneration. Although there is no statistically significant correlation between VA change at 3
months and the greatest linear dimension size (P = .12, Top right), age significantly correlated with VA at 3 months (P = .015,
Top left), VA at 12 months (P = .0004, Bottom left), or VA change at 12 months (P = .0021, Bottom right).

between typical neovascular AMD and PCV with respect
to the effectiveness of ranibizumab to resolve retinal
exudative change (P = .77 and P = .14, respectively).
Although there were no differences in baseline VA
between typical neovascular AMD and PCV (P = .29),
VAs were better in PCV than in AMD at the third and
twelfth months (P = .027 and P = .044, respectively). So
we compared VA change between typical neovascular
AMD and PCV. In eyes with PCV, after the first treat-
ment, VA significantly improved at the third month (P =
.002) and at the twelfth month (P = .028), whereas in

VoL. 154, NO. 1
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typical neovascular AMD, VA was stable at the third
month (P = .79) and at the twelfth month (P = .23).
Twelve eyes with typical neovascular AMD and 15 eyes
with PCV had been previously treated with anti-VEGF
therapy, and 2 eyes with typical neovascular AMD and 7
eyes with PCV had been previously treated with PDT.
After the 3 loading injections, an average of 1.37 = 1.52
and 1.70 % 1.88 injections were added to the treatment of
patients with typical neovascular AMD and PCV, respec-
tively, during the 1-year follow-up period. There was no
significant difference in the frequency of additional treat-
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FIGURE 4. Relationship between visual prognosis after ranibizumab treatment and the greatest linear dimension size of polypoidal
choroidal vasculopathy. The greatest linear dimension size did not significantly correlate with VA at 3 months (P = .90, Top left),
VA change at 3 months (P = .63, Top right), VA at 12 months (P = .70, Bottom left), or VA change at 12 months (P = .93,

Bottom right).

ments between the 2 groups (P = .33). Seven of 49 eyes
(14.3%) with typical neovascular AMD and 8 of 56 eyes
(14.3%) with PCV were treated with PDT after the initial
treatment because ranibizumab treatment did not decrease
the retinal edema or subretinal fluid. The number of eyes
resistant to ranibizumab treatment was not significantly
different between patients with typical neovascular AMD
or PCV (P > .99). In the 7 typical neovascular AMD eyes
and the 8 PCV eyes treated with PDT, the average VA did
not significantly change at the third month (P = .96 and
P = .27, respectively) and the twelfth month (P = .55 and
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P = .60, respectively). VA declined more than 0.2
logMAR in 1 or 2 eyes with typical neovascular AMD and
PCV at the third month and twelfth month, while VA
remained unchanged in most eyes.

Since the MARINA!" and ANCHOR studies'® have
shown that important predictors of VA outcomes in AMD
after ranibizumab treatment are baseline VA, CNV lesion
size, and patient age, we evaluated the correlations of
baseline VA, CNV lesion size, and patient age to the visual
prognosis. The Pearson correlation test revealed significant
correlation between baseline VA and the VA at the third
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