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Abstract

Purpose—To assess the prevalence of subretinal drusenoid deposits (SDD) in older adults with
healthy maculas and early and intermediate age-related macular degeneration (AMD) using
multimodal imaging.

Design—Cross-sectional study.

Participants—A total of 651 subjects aged =60 years enrolled in the Alabama Study of Early
Age-Related Macular Degeneration from primary care ophthalmology clinics.

Methods—Subjects were imaged using spectral domain optical coherence tomography (SD-
OCT) of the macula and optic nerve head (ONH), infrared reflectance, fundus autofluorescence,
and color fundus photographs (CFP). Eyes were assessed for AMD presence and severity using the
AREDS 9-step scale. Criteria for SDD presence were identification on =1 en-face modality plus
SD-OCT or on =2 en-face modalities if absent on SD-OCT. SDD were considered present at the
person-level if present in 1 or both eyes.

Main outcomes measures—Prevalence of SDD in participants with and without AMD.

Results—Overall prevalence of SDD was 32% (197/611), with 62% (122/197) affected in both
eyes. Persons with SDD were older than those without SDD (70.6 vs. 68.7 years, p =0.0002).
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Prevalence of SDD was 23% in subjects without AMD and 52% in subjects with AMD
(p<0.0001). Among those with early and intermediate AMD, SDD prevalence was 49% and 79%,
respectively. After age adjustment, those with SDD were 3.4x more likely to have AMD than those
without SDD (95% CI 2.3-4.9). By using CFP only for SDD detection per the AREDS protocol,
prevalence of SDD was 2% (12/610). Of persons with SDD detected by SD-OCT and confirmed
by at least one en-face modality 47% (89/190) were detected exclusively on the ONH SD-OCT
volume.

Conclusion—SDD are present in approximately one quarter of older adults with healthy
maculae and in more than half of persons with early to intermediate AMD, even by stringent
criteria. The prevalence of SDD is strongly associated with AMD presence and severity and
increases with age, and its retinal topography including peripapillary involvement resembles that
of rod photoreceptors. Consensus on SDD detection methods is recommended to advance our
knowledge of this lesion and its clinical and biologic significance.

Introduction

Subretinal drusenoid deposits (SDD) are extracellular retinal lesions found between retinal
pigment epithelium (RPE) and photoreceptors and localized prominently in the superior-
temporal perifovea. ' 2 Subretinal drusenoid deposits appear to share some proteins
(apolipoprotein E, complement factor H and vitronectin) with sub-RPE drusen and differ
markedly from sub-RPE drusen in lipidic composition. 3-° Despite their localization to the
subretinal space, SDD lack markers for photoreceptors, Miiller cells, and RPE, 13 and do
not contain recognizable outer segment disks. 1 © Yet adaptive optics-assisted imaging
shows that photoreceptors are perturbed in a stage-specific manner around these deposits,
which can affect visual function. & 9(Neely, D., et al. Association between subretinal
drusenoid deposits seen by multimodal imaging and dark adaptation in normal, early, and
intermediate age-related macular degeneration eyes. Invest Ophthalmol Vis Sci 2015; 56(7):
2777.10),

Subretinal drusenooid deposits were originally described as pseudodrusen “visible en
lumiere bleue” by blue reflectance photography in 1990. 11 They were later called “reticular
pseudodrusen” because of their appearance in scanning laser ophthalmoscopy as a reticular
pattern forming “branches and ill-defined interlacing network”. 12 The name “subretinal
drusenoid deposits” was offered because of the location and composition of lesions seen in
histopathology. 3 13 Independently, spectral domain optical coherence tomography (SD-
OCT) demonstrated reflective features present between the RPE-Bruch’s band and the inner
segment ellipsoid band, 14 and the SDD name was adopted from histology. 1° Thus,
terminology evolved in relation to the imaging modality, and prevalence estimates reported
for SDD varied both with technology and patient population (Supplementary Table 1,
available at http://www.aaojournal.org).2 12. 14, 16-29 Eyrther the morphological
heterogeneity of SDD subtypes is now recognized. 3% 31 There is currently no consensus on
the best imaging approach to SDD diagnosis. Many authors recommend using SD-OCT
because it allows visualization of hyperreflective material in the subretinal space and
infrared reflectance (IR) for screening over a wide area of macula. 32 Others also used
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fundus autofluorescence (FAF), red-free light, channel-separated color fundus photographs
(CFP), and indocyanine green angiography. 26: 33

The clinical significance of SDD has been established most strongly in relation to the
incidence and progression of late age-related macular degeneration (AMD), 27: 28, 34,35
especially type 3 (intraretinal) neovascularization. 3° 36 However, SDD also accompany a
variety of inherited 37-40 and acquired disorders. 22 41-43 Our understanding of SDD
significance would be furthered by new epidemiologic data on SDD prevalence in a large
number of older adults with healthy maculas. To our knowledge, only two prospective
population-based studies evaluated reticular drusen prevalence, using stereoscopic

CFP, 21,44 which has limitations as an SDD detection technology, 2 and no study has
established SDD prevalence in a population with many normal maculas using multimodal
retinal imaging. To address this question, we took advantage of the Alabama Study of Early
Age-Related Macular Degeneration (ALSTAR), a prospective clinic-based study of older
adults with normal macular health and those with early and intermediate AMD. The primary
aim of ALSTAR is to examine the association between delayed rod-mediated dark
adaptation and incidence or progression of AMD 3 years later. 4> 46 Among ALSTAR study
advantages is the availability of SD-OCT scans through the peripapillary area, 24748 in
addition to macula, where SDD were detected previously.

Materials and Methods

This study was approved by the Institutional Review Board of the University of Alabama at
Birmingham and followed the tenets of the Declaration of Helsinki. Written informed
consent was obtained from each participant after the nature and purpose of the study were
explained.

Study Sample

Our study consisted of 651 participants aged =60 years who were enrolled in the ALSTAR
study. Characteristics of this cohort have been previously described. 45 46 In brief,
participants with normal macular health and early to intermediate AMD in the absence of
other retinal diseases were recruited from 2 primary care ophthalmology practices in the
Callahan Eye Hospital at the University of Alabama at Birmingham. The presence and
severity of AMD were assessed at enrollment using digital color fundus photos (Zeiss FF
450plus fundus camera, Carl Zeiss Meditec, Inc., Dublin, CA) and evaluated by a certified
grader (M.E.C.) using the Age-Related Eye Disease Study (AREDS) 9-step severity scale. 4°
Grade 1 represents normal macular health, grades 2 to 4 represent early AMD, and grades 5
to 8 represent intermediate AMD. Following the AREDS protocol, °° the presence of
“reticular drusen” was recorded as present by the same grader when characteristic patterns
were detected within the CFP. Basic demographics, as well as information about smoking
status, alcohol use, and medical history were collected at the baseline visit using interviewer-
administered questionnaires as described. 4° Plasma concentrations of apolipoprotein (apo)
B and apo A-1, complement proteins (C3, C4, C5), complement protein fragments (C3a,
C4a, C5a), and C-reactive protein (CRP) were assessed at the baseline visit as described. 4°
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Study Procedures

Imaging modalities—SD-OCT images were obtained with Spectralis HRA + SD-OCT
(Heidelberg Engineering, Heidelberg, Germany). Macula volumes were centered over the
fovea with horizontal scans across an area of 20° x 15 ° (5.7 x 4.3 mm). Optic nerve head
(ONH) volumes were centered over the ONH within a 20° (5.8+0.1 mm) diameter area, with
radial scans. The IR (A = 830 nm) and FAF (excitation, 488 nm; emission, > 600 nm) images
were acquired with the confocal scanning laser ophthalmoscope (Spectralis HRA + SD-
OCT; Heidelberg Engineering, Heidelberg, Germany). Fields of view of 30° x 30° were
digitized at 1536 x 1536 pixels and centered over the macula and ONH for IR images, and
centered over the macula for FAF images. These images were analyzed with Spectralis
software that allowed spatial point-to-point correlation between SD-OCT and IR
(Heidelberg Eye Explorer, HEYEX version 1.6.4.0 with Spectralis Viewing Module 5.3.2.0;
Heidelberg Engineering, Heidelberg, Germany). Color digital 30° fundus photographs that
were centered over the ONH, macula, and temporal to macula were taken with a FF450 Plus
fundus camera (Carl Zeiss Meditec, Inc., Dublin, CA) after pupil dilation.

SD-OCT was considered gradable if: 1) it included both the macular volume with 73
horizontal B-scans at 60 pm intervals and the ONH volume with 48 radial B-scans; 2) the
grader could distinguish the area between (and inclusive of) external limiting membrane and
RPE-Bruch’s membrane complex on both volumes; 3) SDD were present and discernable in
any of the available B-scans (even if not 100% of the total number of scans). En-face images
(IR, FAF, CFP) were considered gradable if there was 1 image that was sufficiently focused
to reveal fine vessels and subtle detail in either color or monochrome as appropriate. (see
Definitions).

The detection of SDD was performed by 1 masked grader (A.V.Z., an ophthalmologist), with
an intragrader agreement of 0.73. SD-OCT and IR images were compared point-to-point
using the Spectralis optical coherence tomography (OCT) mapping software. Lesions on
FAF images were indirectly correlated with SD-OCT via IR images using retinal vasculature
as landmarks. The area outside the SD-OCT volume but within the area delimited by FAF
and IR imaging was similarly examined for specific features of SDD. CFP also were
examined again at this time, independently of the initial AREDS grading of reticular drusen
described earlier. Characteristic subretinal reflectivity could be confirmed for lesions within
macula and ONH SD-OCT volumes, and the grader learned through practice with this
dataset to recognize out-of-volume lesions that were visible only in en-face images.

Definitions—The SDD in the ALSTAR cohort were less abundant overall than in cohorts
with many patients with AMD, and thus definitions relying solely on the pattern made by a
group of lesions were not applicable. 47 We developed definitions for the presence of SDD at
image, eye, and person levels (Supplementary Table 2, available at http://
www.aaojournal.org). We used the image-level definition to determine the presence of SDD
on individual imaging modalities. The eye-level definition was used to determine SDD
presence in individual eyes. Finally, the person-level definition was used for calculation of
SDD prevalence.
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Subretinal drusenoid deposits were considered Present and Discernable when at least 1 of
listed criteria was met for individual modalities:

SD-OCT: One or more dome-shaped or oval hyper-reflective material of =25 um in size
internal to and adjacent to the RPE with or without various degrees of disturbance of the
ellipsoid zone. 7 15/R: typical multiple discrete or interlacing hyporeflective foci (dot-,
ribbon-shaped or spots) 30 of =25 pm in size and grouped in an arcuate pattern along the
superotemporal arcades or perifovea superior and nasal to macula and ONH, may be ill-
defined; discrete solitary hyporeflective foci (dot-, oval-shaped or spots) of =25 pm in size
correlating with SDD in the same location within macular and ONH SD-OCT volumes; 33
discrete dots of any size with an iso- or hyper-reflective center surrounded by hyporeflective
ring (target). ®1FAF: typical multiple discrete or interlacing hypoautofluorescent foci against
a mildly elevated AF background and grouped in an arcuate pattern along the
superotemporal arcades or perifovea superior and nasal to macula and ONH, may be ill-
defined; discrete solitary hypoautofluorescent foci correlating with SDD on IR in the same
location within macular and ONH SD-OCT volumes; 33 discrete dots of any size with
isoautofluorescent center surrounded by a ring of reduced autofluorescence (target). 1 CFP:
typical multiple light yellowish-pale or grayish discrete dots/globules or interlacing

ribbons 30 grouped in an arcuate pattern along the superotemporal arcades or perifovea
superior and nasal to macula and ONH that appear slightly whiter or grayer than soft drusen.
This CFP criterion was defined independently of the AREDS scale.

Subretinal drusenoid deposits were considered Questionable when at least 1 of listed
criteria was met for individual modalities:

SD-OCT: local thickening of RPE or dot-like subretinal reflectivity with intact ellipsoid
zone; various-degree disturbances of ellipsoid zone without evidence of hyper-reflective
subretinal deposits. ®2/R: atypical hyporeflective clusters or suspicious solitary
hyporeflective discrete foci located outside the SD-OCT volume. FAF: atypical
hypoautofluorescent clusters or suspicious solitary hypoautofluorescent discrete foci located
outside the SD-OCT volume. CFP: suspicious solitary yellowish-pale or grayish discrete
foci; atypical clusters of yellowish/grayish discrete foci that could not be distinguished on a
background.

Subretinal drusenoid deposits were considered Not Discernable when there were no visible
features of SDD on any imaging modality.

Subretinal drusenoid deposits were considered Ungradable if suboptimal image quality
prevented the grader from making any of the above judgments; in an incomplete SD-OCT
volume, no SDD or questionable SDD only are present.

To estimate SDD presence at the eye level we developed 2 sets of criteria: strict and
expanded. To fulfill strict criteria, a patient was required to have SDD judged as present and
discernable on SD-OCT and at least 1 en-face modality; or SDD judged as present and
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discernable on 2 en-face modalities in the absence of SD-OCT findings. To fulfill expanded
criteria, a patient was required to have SDD judged as present and discernable or
questionable on any image modality. Features of SDD demonstrated on different modalities
used are shown in Figure 1. An example of a solitary macular SDD in a non-AMD
participant is shown in Figure 2. Examples of SDD and basal laminar deposit in the
peripapillary region are shown in Figure 3.

Person level

To report SDD prevalence at the person level, we considered SDD present if it was detected
in 1 or both eyes. SDD prevalence at the person-level was obtained for the whole sample and
its subgroups stratified by AMD status and severity. Continuous and categorical factors were
compared between those with and without SDD using t-tests and chi-square tests,
respectively. Logistic regression was used to calculate age-adjusted odds ratios (ORs) and
95% confidence intervals (Cls) between SDD status and presence and severity of AMD. The
number of subjects excluded from the final analysis varied because of different gradability
requirements for SD-OCT images between strict and expanded criteria at the person-level.

Results

A total of 651 participants were enrolled in the study. After excluding 35 participants
because of incomplete imaging data and 5 with eye conditions that did not meet the
inclusion criteria, 611 participants were available for analysis. Table 3 shows basic
demographic, lifestyle characteristics and medical results stratified by SDD status using
strict criteria at the person level. Overall, the mean age of participants was 69 years (60 — 92
years), 65% were females, and 95% were whites. Non-smokers comprised 54% of the group.
By self-report, one third of participants had heart disease, and half were hypertensive. Age-
related macular degeneration was present in 32% of participants. Of those with AMD, 90%
had early AMD (AREDS 2-4) and the remainder had intermediate AMD (AREDS 5-8).
Table 4 shows SDD presence at the person-level using strict criteria, stratified by AMD
status (AREDS 1-8).

By using strict criteria, the prevalence of SDD in the overall sample was 32% (197/611). Of
the 197 persons with SDD, 122 (62%) were affected in both eyes. Participants with SDD
were significantly older than those without SDD (70.6 vs. 68.7 years, p=0.0002). In subjects
with normal macular health, SDD prevalence was 23% (95/413). In subjects with AMD,
SDD were present in 52% (101/194) (p<0.0001). The prevalence of SDD correlated with
severity of AMD; among those with early and intermediate AMD, SDD prevalence was 49%
and 79%, respectively (p<0.0001). After age adjustment, those with SDD were 3.4 times
more likely to have AMD than those without SDD (95% CI 2.3-4.9). No statistically
significant association was found between SDD and gender, race, level of education, high
blood pressure, heart disease, smoking, alcohol consumption, and statin use. None of the
analyzed serologic tests including apolipoprotein B and A-1, complement proteins (C3, C4,
C5), complement protein fragments (C3a, C4a, C5a), and CRP were associated with SDD
presence. Supplementary Table 5 shows serologic results stratified by SDD status using
strict criteria at the person level (available at http://www.aaojournal.org).
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By expanded criteria, SDD prevalence in the overall sample was 74%. Seventy percent of
those with SDD were affected in both eyes. The AMD status and severity remained
statistically significant predictors of SDD, whereas age, along with other demographic,
medical and serologic variables, were not associated with SDD presence. After age-
adjustment, persons with SDD were 2.5 times more likely to have AMD than those without
SDD (95% Cl 1.6-4.0).

We assessed whether the association between age and SDD is affected by AMD severity and
whether the association between AMD severity and SDD is modified by age. The age-
adjusted ORs were not meaningfully different from the crude ORs suggesting minimal
confounding with age. Table 6 summarizes prevalence of SDD and crude and adjusted
associations by age and AMD presence and severity using strict and expanded criteria at the
person level.

To compare our results with those of population-based studies, we limited our analysis to
SDD detected on CFP by AREDS criteria. 29 The resulting SDD prevalence was 1.97%
(12/610) at the person level and 1.48% (9/608) at the eye level (with worse acuity as a
metric).

We then assessed the impact of ascertainment area on the person level prevalence by
determining the distribution of SDD in macula and ONH OCT volumes in the overall
sample and among persons with SDD. This analysis included the overall sample of 611
persons and a sample of 190 persons with SDD detected on SD-OCT and confirmed by at
least 1 en-face modality. Referenced to all 611 persons in the sample, 101 (16.5%) and 185
(30.3%) persons had at least one present and discernable SDD in macula and ONH volumes,
respectively. Among the 190 persons with SDD confirmed by SD-OCT, 2.6% (5/190)
exhibited SDD in macula SD-OCT volumes alone, 46.8% (89/190) exhibited SDD in ONH
SD-OCT volumes alone, and 50.5% (96/190) in both volumes. Thus, almost twice as many
persons had SDD in the ONH volume than in the macula volume.

Discussion

Our major finding is a 23% SDD prevalence in subjects with maculas considered healthy by
CFP, higher than previously reported for study populations with many normal subjects.2: 44
Another major finding was that SDD were frequent in subjects with early or intermediate
AMD (49% and 79%, respectively). The prevalence of SDD correlated with age and AMD
presence and severity. Reminiscent of the Beaver Dam Eye Study (BDES) reporting =1
macular drusen in 95.5% of the population >45 year on the basis of validated CFP

grading °, a quarter century later we find that many eyes =60 years considered normal by
CFP also have =1 SDD on the basis of multimodal imaging. To appreciate the significance
of our findings, we discuss several important factors affecting SDD prevalence.

Subretinal drusenoid deposit visibility and definition

Most experts consider SDD present when lesions form a pattern on various en-face imaging
modalities, with SD-OCT used to confirm, 56-58 whereas others use point-to-point
correlation of discrete lesions on different modalities. 14 53. 54 Histologically, SDD were
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diagnosed when at least 3 lesions were present in 2 standard sections of any 1 eye, 1 and
individual lesions with width of 8-17 pm have typical SDD fine structure.  In consideration
of these findings, we included small sparse lesions and differentiated them from drusen,
which is difficult using CFP alone, by using a multimodal approach.. This strategy also
allowed us to avoid overestimation of SDD prevalence by our expanded criteria. Another
important consideration in estimating SDD prevalence is the denominator used for statistical
calculations. Because SDD are mostly bilateral, 21 35 58 SDD occurrence at the eye level is
likely to overestimate true prevalence. Therefore, we reported SDD prevalence at the person
level.

In normal eyes and eyes with early AMD, SDD are often subtle, smaller, and certainly less
numerous than in eyes with intermediate and advanced AMD. Whereas existing descriptions
focused on patterns over extensive areas, we saw many single and sparse lesions (i.e., not
forming a pattern). Literature to date has debated whether SDD lesions fully account for the
clinical appearance of reticular pseudodrusen (against: 2; for: 1. 7. 15. 59) with recent
evidence tipping towards equivalence of the two. A second question is whether SDD align
with choroidal structure, and evidence is tipping towards non-alignment. 8% Technical
challenges to answering these questions are also relevant to our current study. These include
inaccuracies in point-to-point alignment of the Spectralis, 61 the presence of many small
repeating elements in outer retinal layers, and the dual requirements of comprehensive
imaging and appropriate statistics to establish specificity and sensitivity of overlap with
other anatomical features. Without attention to these factors it is possible to get spurious
alignments. 62. 63 Bjological challenges include a morphological heterogeneity that may
reflect different stages of a lesion lifecycle.39 Our study shows that it is possible to cross-
validate SD-OCT and en-face images for sparse subretinal lesions. Although lesions that fall
between scans can be missed, verifying the identities of lesions that are found can be
unambiguous. Our task in normal and early AMD eyes is thus easier in this respect than in
eyes with more advanced disease.

The ALSTAR study, originated in 2009, was not designed to find SDD. Current technology
is limiting in any case. In normal eyes, SDD tend to appear first outside the macular OCT
volumes and therefore cannot be verified with SD-OCT. However, after the grader studied
SDD in macula and ONH SD-OCT volumes where confirmation of subretinal material was
possible, out-of-volume SDD could be recognized confidently.

studied

By using strict criteria, we detected SDD in 32% of participants of the ALSTAR cohort. Two
thirds of subjects had normal maculas and one third had predominantly early AMD. Our
results cannot be directly compared to other clinic-based studies that use retina clinic
populations because we recruited our participants from primary eye care clinics. Even
among studies based in retina clinics, prevalence estimates vary widely. In these previous
studies, AMD presence and severity appear to affect SDD prevalence, which increases from
3.0% to 93.6% when subjects with late AMD are included in analyses. 6: 28 53 When we
limit the comparison of clinic-based studies to only those subjects with early AMD, our 49%
SDD prevalence at the person-level based on strict criteria is higher than 31.5% prevalence
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at the eye /evel reported by De Bats et al. 33 Likewise, 79% of our participants with
intermediate AMD had SDD by strict criteria, compared with 30% of SDD prevalence at the
person level reported by Wu et al. 54 Differences are likely explained by these authors’
restrictive SDD definition, which required at least 5 subretinal lesions, fewer B-scans (31 53
and 49 >4) and absence of an ONH volume. In contrast, in our study ONH SD-OCT volumes
were instrumental in detecting lesions in almost half of all persons with SDD by strict
criteria. These results indicate that the wider area of SDD ascertainment was a major
determinant of the high SDD prevalence in our study, and that the ONH region has a greater
SDD involvement than the macula in the same eye.

To compare and contextualize our results from multimodal imaging with those from
population-based studies, we assessed SDD as assessed by the AREDS study in CFP alone.
By using SDD presence in the eye with worse acuity as a metric, SDD prevalence in the
ALSTAR cohort was 1.48%, compared with 0.7% in Beaver Dam Eye Study. 21 Using SDD
presence in either eye as a metric, SDD prevalence in the ALSTAR cohort was 1.97%,
compared to 1.95% in Blue Mountain Eye Study (BMES). 44 Thus, our SDD prevalence
estimates are similar to those obtained in population-based studies when CFP imaging and
similar metrics are used. When determined from multimodal imaging including OCT
volumes of macula and ONH, SDD prevalence in our predominantly normal cohort, even
with strict criteria, is approximately 10-fold higher than in the BDES or BMES and is
comparable to some studies of AMD patients in retina clinics (Supplementary Table 1,
available at http://www.aaojournal.org). We considered 4 possible explanations for this
result: 1) the ALSTAR cohort (>60 year) is at the older end of the BDES and BMES age-
range (>43 or >45 year); 2) we used multimodal imaging including SD-OCT volumes,
enabling detection of subtle subretinal lesions; 3) we counted solitary and sparse lesions, in
addition to numerous lesions in a distinctive pattern, a criterion common to all prior
population-based studies; 21 44 and 4) we examined both macula and peripapillary areas,
whereas many studies including BDES and BMES examined macula only.

Thus, the prevalence of SDD is dramatically affected by SDD definition, imaging modality,
ascertainment area, person- versus eye-level calculations, and patient population. Despite
methodological differences, strong associations of SDD with age and AMD presence and
severity were detected, in concordance with other studies. 14: 44, 56, 64

Subretinal drusenoid deposits, age, and age-related macular degeneration

We found that octogenarians are 4 times more likely to have SDD compared to
sexagenarians. High prevalence of SDD among participants with healthy maculas in
association with older age raises the possibility that SDD simply may manifest normal aging
in the outer retinal neurovascular unit (photoreceptors, 55-67 RPE, 68.69 Brych’s

membrane, ® and choroid 7%-72). This notion is supported by our recent findings (Neely, D.,
et al. Association between subretinal drusenoid deposits seen by multimodal imaging and
dark adaptation in normal, early, and intermediate age-related macular degeneration eyes.
Invest Ophthalmol Vis Sci 2015; 56(7): 2777. 19) that in the absence of AMD, SDD do not
affect rod-mediated dark adaptation, a functional test that is affected by disease more than by
aging. 46 However, SDD are strongly associated with AMD in the current analysis: presence
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of SDD increased the odds of early and intermediate AMD diagnosis 3- and 11-fold,
respectively. It is possible that only certain SDD phenotypes predispose eyes to AMD.
However, because this study is cross-sectional, future studies focusing on the temporal co-
evolution of SDD and AMD are needed to determine true pathogenic significance of SDD.

Risk factors for subretinal drusenoid deposits

Similar to some studies 14 56 and unlike others, 21 22: 35 the current study did not find an
association between SDD and female sex, smoking, hypertension, and cardiovascular
disease. Also, we did not find a correlation between SDD and factors previously associated
(systemic complement components and CRP 73-75) or not associated with AMD (plasma
apolipoprotein B and A-I). 76 This suggests that although SDD are associated with incidence
and development of late 21 28. 77 as well as early AMD (Huisingh, C., et al. The association
between SDD in older adults in normal macular health and incident AMD, IOV, Accepted
for publication), they may not share the same pathophysiology. The formation of SDD
behind the blood-retina barrier in the subretinal space may be relatively shielded from
systemic factors and instead influenced by local metabolic abnormalities, such as impaired
lipid cycling in rod-dominant areas. 1 78

In this regard, our findings importantly solidify the relationship of SDD with rod
photoreceptors by demonstrating their similar topographies. Rods are most numerous in a
horizontally oriented elliptical ring, cresting at the edge of the macula and surrounding the
fovea and ONH (Supplementary Figure 4, available at www.aaojournal.org), 79 strikingly
similar to the distribution of SDD. 3° Further, SDD is 2-fold more prevalent in ONH
volumes than in the macula. By knowing ONH dimensions 80 and the specifications of the
Spectralis, we can verify that SDD abundance near the ONH is not explained by a higher
sampling density of A-scans, because ONH sampling density is approximately 50% less
than that of the macula. Thus, higher SDD prevalence near the ONH is due to more
numerous or larger lesions that affect the probability of detection, in addition to an unknown
amount of peripapillary basal laminar deposits (Figure 3), which are prominent in older
eyes. 81 The differential distribution of SDD (perifoveal and peripapillary regions) and basal
linear deposit/soft drusen (central macula) is hypothesized to reflect differential
requirements of cholesterol homeostasis in rod and cone photoreceptors, respectively. 1

Study strengths and limitations

Strengths of this study include a relatively large number of participants in normal macular
health from ophthalmology primary care clinics. By including sparse lesions and lesions in
patterns, and correlating them point-to-point in multimodal imaging including SD-OCT, we
solidified a definition of SDD for use in future research. The fact that so many lesions were
not part of a reticular pattern helps reinforce the appropriateness of the SDD terminology,
because “reticular” may be just one stage in the lesion life cycle. 39 Another strength was the
novel inclusion of SD-OCT ONH volumes for screening peripapillary retina, where solitary
SDD were common (Steinberg et al 48). This study also has limitations addressable in future
research. Subretinal drusenoid deposits beyond the arcades and ONH is outside the typical
scan volumes of current SD-OCT, and in the future, detection will be facilitated by wide-
field imaging. 82 As in all studies of this nature, we do not have histology of graded eyes, but
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we did have access to histology demonstrating the existence of sparse lesions. We relied on
grader learning and intra-grader reliability in the absence of direct histologic validation, a
strategy used by early epidemiology studies based on CFP. Finally, this study is a clinic-
based study in that it recruited patients from 2 primary eye care clinics. To what extent our
SDD prevalence estimates apply to the general population of persons in normal macular
health or with early AMD remains to be determined.

In conclusion, when systematically assessed with multimodal imaging over an ascertainment
area including macula, ONH volumes, and out-of-volume retina seen in en-face imaging,
SDD are more prevalent in the elderly than previously reported (23% of persons > 60 years
of age). Other published findings, have shown that SDD is a risk factor for AMD
advancement, independently of drusen. Longitudinal studies 5 to 20 years in duration have
proven drusen very important for AMD progression. Because SDD and drusen are plausibly
related in outer retinal biology, SDD merit our attention. Finally, multimodal imaging is
likely to be implemented in the clinic routinely in the future, and therefore more
ophthalmologists will see SDD. Consensus on SDD definition and newer imaging tools for
screening will improve accuracy of SDD diagnosis and enhance our understanding of
clinical and biological SDD significance.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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!:igur.e 1. Eyes meeting strict criteria for subretinal drusenoid deposits (SDD) with multimodal
imagin

A gn %1-year—old man (Age-Related Eye Disease Study [AREDS] grade 4) has visible SDD
by infrared reflectance (IR) (indicated by ticks; magnified 3X in inset), spectral domain
optical coherence tomography (SD-OCT) (arrows) and fundus autofluorescence (FAF) (hot
shown). B. A 73-year-old woman (AREDS grade 1) has visible SDD by IR (arrows) and
color fundus photographs (CFP) (arrows) without SD-OCT findings (not shown). C. A 78-
year-old woman (AREDS grade 2) has visible SDD by CFP (indicated by ticks; magnified
3Xin inset), SD-OCT (arrows) and IR (not shown).
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Figure 2. Non-age-related macular degeneration (AMD) subject with subretinal drusenoid
deposits (SDD) by strict criteria
A-C. A 66-year-old woman (Age-Related Eye Disease Study [AREDS] grade 1).. A. An

infrared reflectance (IR) image of a healthy macula. B. When the IR image is magnified, a
hyporeflective smudge (arrowhead) that correlates with optical coherence tomography
(OCT) scan in C is apparent. C. By spectral domain (SD) OCT, hyperreflective material
between retinal pigment epithelium (RPE) and ellipsoid zone (arrowhead) is classified as
SDD (stage 2). This lesion was undetectable on fundus autofluorescence (FAF) and color
fundus photographs (CFP) (not shown).
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Figure 3. Peripapillary subretinal drusenoid deposits (SDD) by strict criteria
A-D. A 70-year-old man (Age-Related Eye Disease Study [AREDS] grade 1). A. color

fundus photograph (CFP) shows a healthy macula. Arrowheads indicate locations where
SDD (yellow) and basal laminar deposit (cyan) was found on optical coherence tomography
(OCT) scans in C. B. Mottled reflectivity seen on infrared reflectance (IR) (yellow) was not
seen on fundus autofluorescence (FAF) (not shown). Site of peripapillary basal laminar
deposit is shown (cyan). C. SDD is seen in the optic nerve head (ONH) spectral domain
(SD) OCT volume as a hyperreflective mound between retinal pigment epithelium (RPE)
and ellipsoid zone (yellow). D. Basal laminar deposit without overlying RPE (cyan) is close
to the termination of Bruch’s membrane and reflective.
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Table 3

Demographic, lifestyle and medical characteristics stratified by subretinal drusenoid deposit presence at the
person level using strict criteria

SDD, N (%) | NoSDD, N (%) | p-value

Total sample 197 (32.2) 414 (67.8) -

Age group, years

60-69 98 (27.1) 264 (72.9) | <0.0001
70-79 78 (36.5) 136 (63.5)
280 21 (60.0) 14 (40.0)
Gender
Female 121 (30.6) 274(69.4) | 0.25
Male 76 (35.2) 140 (64.8)
Race
Non-White 6 (20.0) 24(80.0) | 0.14
White 191 (32.9) 390 (67.1)
Education
High school or less 39 (30.2) 90 (69.8) 0.58
Some college or more 158 (32.8) 324 (67.2)

Smoking status

Current 8(26.7) 22 (73.3) 0.41
Former 76 (30.0) 177 (70.0)
Never 113 (34.6) 214 (65.4)

Alcohol use, drinks per week

Abstainers 60 (29.7) 142 (703) | 0.80
Light 56 (32.8) 115 (67.2)
Moderate 63 (34.4) 120 (65.6)
Heavy 18 (32.7) 37(67.3)

Cardiovascular disease, self-reported
Yes 68 (35.2) 125 (64.8) 0.28
No 128 (30.8) 287 (69.2)

High blood pressure

Yes 110 (34.7) 207 (65.3) | 0.18
No 86 (29.6) 205 (70.4)

Statin use

Yes 34 (27.9) 88(72.1) | 025
No 163 (33.3) 326 (66.7)

Abbreviation: SDD = subretinal drusenoid deposits
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Table 4

Subretinal drusenoid deposit presence by strict criteria at the person level, stratified by age-related macular
degeneration status (AREDS 1-8)

SDD No SDD

N % N %

Total sample @ 196 323 | 411 | 67.7
AREDS, grade

1 95 230 | 318 | 77.0

2 47 46.1 55 | 53.9

3 16 59.3 11 | 40.7

4 23 50.0 23 | 50.0

5 5| 625 3| 375

6 5| 833 1] 16.7

7 4 | 100.0 0 0

1 | 100.0 0 0

Abbreviations:

aData for 4 participants are unavailable because of incomplete AREDS grading; SDD = subretinal drusenoid deposits; AREDS = Age-Related Eye
Disease Study.
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