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I1l.  INTRODUCTION

La dégénérescence maculaire liée a 1’age (DMLA) correspond a un vieillissement oculaire
associé a des modifications pathologiques chroniques et progressives au niveau du complexe
épithélium pigmentaire — membrane de Bruch - choriocapillaire. Il s’agit d’une des principales
causes de malvoyance dans le monde, et de la premiere cause dans les pays développés chez
les sujets de plus de 50 ans.!

Les pseudodrusen réticulés ont été décrits pour la premiére fois en 19902 sous I’aspect d’un
lacis blanc jaunatre au fond d’ceil, d’allure profonde, localisé préférentiellement au niveau des
vaisseaux temporaux supérieurs. Ces dépots, mieux visualisés sur les clichés en lumiére
monochromatique bleue, sont situés entre les photorécepteurs et 1’épithélium pigmentaire, a la
différence des drusen, sous-épithéliaux (Annexe 1), intégrés dans la classification de la DMLA.
(Annexe 2). Les pseudodrusen réticulés ont été établis comme étant un facteur de risque de
DMLA dés 1995.2 Depuis, de nombreuses études ont montré qu’ils représentaient un facteur de
risque indépendant de DMLA, 4 a 8 fois supérieur aux drusen seuls. lls sont associés a
I’évolution vers I’atrophie géographique* ou vers la DMLA néovasculaire et notamment les
néovaisseaux de type 3.° Par ailleurs, I’impact médico-socio-économique de la DMLA,
difficilement quantifiable, n’en demeure pas moins ¢levé ne serait-ce qu’avec les injections
intravitréennes d’anti-VEFG. Ainsi avec une prevalence des pseudodrusen réticulés récemment
évaluée a 13.4% dans une étude francaise® de la population bordelaise de plus de 77 ans, ces

éléments mettent en exergue I’importance de leur dépistage en termes de santé publique.

Lorsqu’ils sont isolés, les symptdmes associés sont peu marqués (diminution de la sensibilité
scotopique et aux contrastes, baisse d’acuité visuelle en faible luminance et atteinte micro
périmétrique) et ils ne conduisent généralement pas le patient & consulter.” Par ailleurs, leur
mise en évidence n’est pas toujours aisée et nécessite le plus souvent I’utilisation d’une imagerie
multimodale : rétinophotographies, clichés du fond d’ceil en autofluorescence et en proche
infra-rouge et la tomographie a cohérence optique.® Nous comprenons ainsi la difficulté a les
appréhender dans notre pratique clinique quotidienne d’une part, mais également lors des

travaux de recherche.

Il existe deux grandes etudes de population analysant 1’incidence des pseudodrusen réticulés
(Beaver Dam Eye Study® et Blue Mountains Eye Study®) mais elles n’utilisent pas 1’imagerie

multimodale et ne sont pas réalisées en Europe (Etats-Unis et Australie). Alors que les facteurs
11



environnementaux jouent un réle dans le processus de DMLAX, il apparait important de ne pas
extrapoler les données issues d’autres continents.

Ainsi, la cohorte ALIENOR (Antioxydants, Lipides Essentiels, Nutrition et maladies
OculaiRes) née en 2006, a I’Institut de Santé Publique d’Epidémiologie et de Développement
de Bordeaux, apporte des données épidémiologiques européennes. Il s’agit d’une cohorte
prospective en population générale chez des sujets bordelais agés d’au moins 73 ans, dont
I’objectif est d’étudier les associations entre les maladies oculaires liées a 1’age (DMLA,
glaucome, cataracte, secheresse oculaire) et les facteurs nutritionnels, génétiques,
environnementaux et vasculaires. Elle est issue de la cohorte des Trois Cités (3C), lancée en
1999 a Bordeaux, Dijon et Montpellier dont 1’objectif initial était 1’étude des facteurs
vasculaires de la demence.

Les 9294 sujets de plus de 65 ans, dont 2104 bordelais, ont été recrutés en 1999-2001 a partir

des listes €lectorales, et bénéficient depuis, d’un suivi biannuel.

Les données recueillies dans 3C comprennent :

- AVlinclusion : les caractéristiques socio-démographiques, les habitudes alimentaires, un
bilan sanguin (lipides, glycémie, créatininémie) et une banque d’ADN

- A chaque suivi : le bilan cognitif et psychologique, I’ IRM cérébrale, les incapacités et
modifications comportementales, les parameétres vasculaires (antécédents de maladies
cardiovasculaires, mesure de la tension artérielle, électrocardiogramme, échographie
des carotides), les antécédents médicaux, les traitements et les mesures
anthropométriques

- Pour la cohorte bordelaise lors du premier suivi : le dosage de nutriments d’intérét
(antioxydants, acides gras oméga-3, caroténoides)

Parmi les 1450 sujets ayant participé au troisieme examen de suivi de la cohorte bordelaise de
3C, 963 ont accepté initialement de participer a la cohorte ALIENOR. Les données recueillies
comprennent :

- Les antécédents ophtalmologiques, la mesure de la réfraction et de 1’acuité visuelle,
deux photographies couleur de la rétine a 45° (macula et nerf optique), une mesure de
la pression intraoculaire et de 1’épaisseur cornéenne centrale, un test du break-up time,
un auto-questionnaire sur les facteurs de risque oculaires (exposition au soleil,
utilisation de la télévision et de 1’ordinateur) et les symptomes de sécheresse oculaire
(Ocular Surface Disease Index)

- Depuis 2009, la tomographie a cohérence optique, les clichés 30° du fond d’ceil en

autofluorescence et proche infrarouge
12



Nous avons congu ce travail afin d’évaluer I’incidence des pseudodrusen réticulés et leurs
facteurs de risque dans la population de sujets 4gés bordelais. Il s’agit de la premiére étude
réalisée en Europe a ce sujet et la premiere dans le monde utilisant I’imagerie multimodale pour

le diagnostic.
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KEY POINTS

Question: What are the incidence and risk factors of reticular pseudodrusen (RPD) in a French
elderly population using multimodal imaging?

Findings: The annual incidence of RPD was 2.047% and the estimated 5-year incidence was
9.73% in 472 eyes of subjects aged 77 years or more. Incident RPD were significantly
associated with female gender, age, choroidal thinning and genetic background, while
liposoluble statin medication was found to be protective.

Meaning: This study presents a higher incidence of RPD than in previous ones, confirms risk

factors already describe and suggests a key role of lipid metabolism in RPD pathophysiology.

KEY WORDS

Age related macular degeneration, ARMS2, choroidal thickness, incidence, LIPC, reticular

pseudodrusen, statins, subretinal drusenoid deposits
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ABSTRACT

Importance:  While reticular pseudodrusen (RPD) diagnose needs multimodal imaging,
previous incidence studies are based only on fundus photography.

Objective: To describe in a population-based study of French elderly subjects the incidence of
RPD as detected using multimodal imaging, and to analyze their potential associated risk
factors.

Design : Cohort study : the Antioxydants, Lipides Essentiels, Nutrition et Maladies Oculaires
(ALIENOR) Study. Data were collected between February 22, 2011 and February 15, 2017 and
analyzed from Mars 15, 2017 to April 24, 2018. Mean (SD) follow-up duration was 3.7 (1.0)
years.

Setting: Population-based cohort.

Participants: Population-based sample of 759 residents of Bordeaux, France, who participated
in the ALIENOR Study. 257 were unable to come to hospital and did not perform all exams.
Of the remaining 1004 eyes (502 participants), 532 eyes were excluded:118 had already
prevalent RPD, 51 disclosed late age-related macular degeneration, 46 had uninterpretable data
and 317 did not participate to any follow-up examination. Finally, 472 eyes were included.

Main outcomes and measures: RPD were defined as definite if they were classified as present

with at least two imaging methods from among color fundus photography, fundus
autofluorescence, near-infrared reflectance and optical coherence tomography.

Results: Of the 472 eyes participants, 263 (55.7%) were women, and the mean (SD) age was
81.9 (3.2) years. 42 eyes were incident for RPD with an overall annual incidence of 2.047%
(95% CI, 1.373-3.051) and an estimated 5-year incidence of 9.73%. Annual incidence was
higher in females, i.e. 1.948% (95% ClI, 1.287-2.947) versus 1.512% (95% CI, 0.786-2.911) in
males, and increased with age. In multivariate analysis, three risk factors for incident RPD were
identified: subfoveal choroidal thinning (HR, 1.06; 95% CI 1.01-1.11; P=0.0085), presence of
risk allele of ARMS2 rs10490924 (HR, 3.36; 95% CIl 1.64-6.88; P=0.0009) and LIPC
rs10468017 (HR, 2.65; 95% CI 1.39-5.03; P=0.0029). Taking liposoluble statin medication
(HR, 0.18; 95% CI 0.03-0.96; P=0.0448) was shown to be a protective factor.

Conclusions and Relevance: In this cohort, RPD incidence rate was higher to those observed

in other population-based study. We confirm high risk for incident RPD in patients with
subfoveal choroidal thinning and carriers of ARMS2 at-risk genotypes and suggests it in
patients’ carriers of LIPC at-risk genotypes. Also, taking liposoluble statin medication could be

a protective factor.
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MANUSCRIPT

Introduction

Age-related macular degeneration (AMD) is the third cause of visual impairment worldwide *
and the number of people affected by AMD is expected to increase by approximatively 40%
between 2020 and 2040. 2 Early AMD is clinically characterized by the presence of yellowish

drusen 3

which are accumulations of extracellular material between the retinal pigment
epithelium (RPE)-basal lamina (BL) and the inner collagenous layer of Bruch membrane. A
specific category of drusen called reticular pseudodrusen (RPD), 4 or alternatively “subretinal
drusenoid deposits”, >®corresponds to drusen-like, granular hyperreflective material located not
beneath but above the RPE. 7 Early identification of RPD is important, as they have been shown
to be a key risk factor for late AMD as compared to other drusen®'3, with a late AMD
cumulative incidence risk of 33.9 to 54.50% at 5 years.'*1®

Reported prevalence of RPD in population-based studies has been variable due to the different
imaging tools used for RPD detection and the characteristic of the studied participants.
According to the main studies based solely on retinal color fundus image interpretations, RPD
prevalence was found to be 0.7% in subjects aged 43 to 86 years in the Beaver Dam Eye Study
(BDES) 0, 0.41% in subjects of approximately the same age in the Melbourne Collaborative
Cohort Study 6 and 1.95% in the Blue Mountains Eye Study (BMES).** In the Rotterdam Eye
Study 17, RPD detection was based not only on retinal color images but also on near-infrared
reflectance (NIR) imaging and the observed prevalence of RPD increased up to 4.9% in
participants over 65 years of age. In the Alienor Study *® using multimodal imaging for RPD
detection -combining color fundus photography, spectral-domain optical coherence
tomography (SD-OCT), fundus autofluorescence (FAF) and NIR images- we showed that RPD
prevalence was even higher - at 13.4% - in subjects over 77 years. Sensitivity of color fundus
photographs for RPD detection has been shown to vary between 29% and 88% while that of
NIR or SD-OCT ranges between 71% and 100%. %!518-20 Several studies have hence
recommended the use of multimodal imaging (and at least two imaging modalities) for accurate
RPD identification, 111920.18.21

Incidence rate of RPD was only assessed, to date, in two population-based studies, BDES and
BMES, with the limitation of a diagnosis based only on color fundus photographs 21914 and
these previous analyses may therefore have underestimated their incidence due to the absence

of multimodal imaging as specified above.
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In the literature, several risk factors were described in association with RPD, some of them
being still debated. Main reported risk factors are the following: increasing age, female gender,
decrease in subfoveal choroidal thickness (SFCT), high body mass index (BMI), low
educational level, smoking history, presence of cardiovascular risk factors, presence of risk
alleles encoding for complement factor H (CFH) or age-related maculopathy susceptibility 2
(ARMS2).513.23

The aim of our study is thus to analyze RPD incidence in a population-based study of French
elderly subjects using multimodal imaging for their detection, and to further identify their

potential associated risk factors.

Subjects and Methods

Study participants

Subjects of the Alienor Study were recruited from an ongoing population-based study (Three-
City (3C) Study) on the vascular risk factors for dementia.?* The Alienor Study consists in
periodic eye examinations proposed to all participants of the 3C cohort in Bordeaux since 2006.
Among the 1450 subjects of the 3C study re-examined in 2006-2008, 963 (66.4%) participated
in the Alienor Study. Detailed characteristics of participants and non-participants have been
described elsewhere.?®

For our study, we used the fifth follow-up of the 3C study as baseline (2011-2012), since SD-
OCT, FAF and NIR imaging were systematically performed from then on. Among the 1235
participants of the 3C cohort in Bordeaux who were still alive, 759 (61%) participated in this
eye examination. Every follow-up examination thereafter was included in this study: 2011-2012
(baseline), 2013-2015 (first follow-up visit, Alienor wave 1) and 2015-2017 (second follow-up
visit, Alienor wave 2). Data collection was performed from February 22", 2011 to February
15, 2017.

This research followed the tenets of the Declaration of Helsinki. Participants gave written
informed consent for participation in the study. The design of the Alienor Study was approved
by the Ethical Committee of Bordeaux (Comité de Protection des Personnes Sud-Ouest et
Outre-Mer I11) in May 2006.

Eye Examination

All eye examinations were performed in the Department of Ophthalmology of the University

Hospital of Bordeaux in 2011-2012 (baseline), 2013-2015 (wave 1) and 2015-2017 (wave 2).
18



They included a recording of past ophthalmic history, measurement of refraction by an auto-
refractometer (Speedy-K, Luneau, Prunay-le-Gillon, France), best-corrected visual acuity
(using Early Treatment of Diabetic Retinopathy Study [ETDRS] scale), intraocular pressure
measurement with a non-contact tonometer (KT 800, Kowa, Tokyo, Japan), slit lamp
examination with lens status evaluation, axial length measurement with non-contact partial
coherence laser interferometry (IOL Master; Carl Zeiss Meditec AG, Jena, Germany) and
fundus color images with a non mydriatic fundus camera (TRC NWG6S; Topcon, Tokyo, Japan).
Finally, SD-OCT, FAF and NIR imaging were realized using Spectralis® device (Software
Version 5.4.7.0; Heidelberg Engineering, Heidelberg, Germany). All the acquisitions were
performed by the same experienced technician.

Retinal color imaging

45° retinal color fundus photographs were performed without pupil dilation using a high-
resolution digital non mydriatic fundus camera (TRC NWS6S; Topcon, Tokyo, Japan).
Photographs were interpreted in duplicate by two specially trained technicians. Color and
contrast were adjusted if needed to obtain better images when interpreting. Inconsistencies
between the two interpretations were adjudicated by a retina specialist for classification of
AMD and other retinal diseases. All cases of late AMD and other retinal diseases were reviewed
and confirmed by specialists.

SD-OCT, FAF and NIR imaging

SD-OCT examinations were performed using Spectralis® device. All OCT assessments were
performed by the same experienced technician without pupil dilation. For macular cube
acquisition, conditions used for acquisition were the following: resolution mode, high speed;
scan angle, 20°; size X, 1024 pixels (5.7 mm); size Z, 496 pixels (1.9 mm); scaling X, 5.54
pum/pixel; scaling Z, 3.87 um/pixel; number of B-scans, 19; pattern size, 20 x 15° and distance
between B-scans, 236 um. A horizontal B-scan crossing the fovea using the Enhanced Depth
Imaging (EDI) mode was also acquired. FAF and NIR images were obtained using the confocal
scanning laser ophthalmoscope (cSLO). FAF images were obtained using an excitation blue
light of 488 nm and a barrier filter beginning at 500 nm. NIR images were obtained at 810 nm.
For both, examination field size was 30 x 30° centered on the macula.

SD-OCT, FAF and NIR images were interpreted by three independent retina specialists in a
masked fashion; that is they neither were involved in the interpretation of any other retinal
examination nor had access to color images of the participants. Each image series was deemed

absent, present, questionable, or ungradable for the presence of RPD. In the present study,
19



questionable abnormalities were considered as absent. We included subjects for whom at least
two of the four imaging techniques were gradable. SFCT was measured manually by one
ophthalmologist, on one horizontal OCT B-scan crossing the fovea and acquired using the EDI

mode as previously described.?®

Multimodal definition of RPD

On color fundus photography, RPD were identified as yellowish interlacing networks ranging
from 125 to 250 pum in width. 8 On SD-OCT, they were identified as well-defined round or
triangular hyperreflective deposits localized between the RPE and the boundary between the
inner and outer segments of the photoreceptors (IS/OS boundary) and as small mounds that
broke through the IS/OS boundary in more advanced stages. ’ All stages of RPD were
considered. On FAF and NIR, RPD were identified as an area of
isoautofluorescence/reflectance surrounded by halos of reduced autofluorescence/reflectance,
responsible for the “target aspect”. 11228 As previously described!8, RPD were defined as
definite if they were classified as present with at least two imaging methods among color fundus
photography, FAF, NIR, and SD-OCT. Figure 1 illustrates the typical aspect of RPD through

multimodal imaging.

Classification of AMD
Classification of late atrophic or neovascular AMD were based on all available information
(ophthalmological history and treatments, retinal photographs, SD-OCT scans) as previously

described. 2°26%0 All cases of AMD were confirmed by a retina specialist.

Assessment of risk factors

Clinical risk factors (smoking, blood hypertension, diabetes, education level) were collected
during the baseline home visit of the 3C Study by trained psychologists or nurses. For
participants who were current or past smokers, the number of pack-year was calculated as
follows: number of smoking years x (mean number of cigarettes per day/20). Diabetes was
defined as fasting blood glucose > 7 mmol/L or non-fasting blood glucose > 11 mmol/L or use
of antidiabetic medication or self-reported diabetes. Blood hypertension was defined as a self-
reported medical follow-up for hypertension or systolic blood pressure > 140mmHg or diastolic
blood pressure > 90 mmHg or antihypertensive treatment. The list of treatments including any
lipid lowering therapy was collected at each follow-up. BMI (kg/m?) was calculated as
weight/height? using weight and height measured during the home visit. Plasma lipids were

measured at the Biochemistry Laboratory of the University Hospital of Dijon (France) from
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baseline fasting blood samples using routine enzymatic techniques. Genome wide-scan analysis
was performed at the Lille Génopdle (France) from DNA samples collected at baseline of the
3C study, as previously described. 3! The following known single-nucleotide polymorphisms
(SNPs) associated with advanced AMD were extracted from the GWAS data: CFH Y402H
rs1061170, Complement Factor C3 (C3) rs2230199, Complement Factor B rs641153, ARMS?2
A69S 1510490924, Apolipoprotein  E4 (ApoE4), Lipase C precursor (LIPC)
rs493258/rs10468017, Cholesteryl Ester Transfer Protein (CETP) rs3764261, Adenosine
triphosphate-Binding Cassette subfamily A member 1 (ABCAL1) rs1883025, LipoProtein
Lipase (LPL) rs12678919.

Statistical Analyses

Characteristics of eyes included in our study were compared with that excluded using logistic
Generalized Estimating Equations (GEE) models, which allow taking into account the data
from both eyes and their intra-individual correlations.3> For continuous variables, results were
presented using means + standard deviations. For categorical variables, results were presented
using n and percentage.

Incidence rate, progression rate and 95% confidence intervals (Cls) of RPD per eye were
obtained using Poisson regression models for correlated data. The cumulative 5-year incidence
(CI1-5) was derived from the incidence rate (IR) using the following exponential formula®: Cl-
5(t) =1 —exp (—IR x t). Associations between RPD occurrence and socio-demographic, medical
and genetic data were estimated using Cox proportional hazards models with delayed entry and
age as the time scale. For genetic variables, SNPs were coded by the number of major frequent
alleles (0, 1 and 2). Hazard ratios (HRs) and 95% Cls for occurrence of RPD were estimated
using the individual eye as the unit of analysis. First, the association with each risk factor was
assessed independently using gender-adjusted models. Secondly, stepwise models were applied
using variables with p <.15 and a p> .05 was considered for exiting the model. Axial length was
forced into the multivariate model because of well-known strong correlation with SFCT. 26:34
Data management were performed between Mars 15", 2017 and April 24", 2018.

Values of p<.05 were considered significant. Statistics were performed using SAS software,
version 9.4 (SAS Institute Inc, Cary, NC).
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Results

Study sample

Among the 759 participants at baseline, 257 were unable to come to the hospital for their eye
examination and had only visual acuity and color images available. Of the remaining 1004 eyes
(corresponding to 502 subjects) with color fundus images, SD-OCT, FAF and NIR imaging
data, 532 eyes were not eligible for RPD incidence analyses, since 118 eyes had already
prevalent RPD, 51 eyes disclosed late AMD, 46 had uninterpretable data for RPD assessment
in at least one follow-up visit and 317 did not participate to any follow-up examination. Finally,
472 eyes were included for RPD incidence analyses. The mean duration of follow-up was 3.7
years (SD, 1.0; range, 1.2-5.6).

Comparison of demographic characteristics between included and non-included eyes of Alienor
participants is summarized in Table 1. Included and non-included eyes differed for age (81.9
years and 84.4 respectively, p<0.0001), mean total cholesterol level (5.38 mmol/l and 5.63
mmol/l respectively, p=0.0204), mean low-density lipoprotein (LDL) cholesterol level (3.33
mmol/l and 3.52 mmol/l respectively, p=0.0384) and SNP rs641153 (B Factor) (p=0.05). No
statistically significant differences were found between the two groups regarding sex, education
level, smoking status, lens extraction, SFCT, axial length, diabetes, blood hypertension, any
treatment intake (i.e. lowering blood pressure medication, statin or fibrate therapy), BMI and
SNPs in CFH, ARMS2, C3 Factor, ApoE4, LIPC, LPL, CETP, ABCAL.

Annual incidence of RPD and five-year cumulative incidence

As shown in Table 2, incident RPD were identified in 42 of the analyzed 472 eyes between the
baseline (2011-2012) and the last follow-up visit (2015-2017), with an overall annual incidence
of 2.047% (95% CI, 1.373-3.051) and an estimated 5-year incidence of 9.73%. Annual
incidence was found to be higher in females, i.e. 1.948% (95% ClI, 1.287-2.947) versus 1.512%
(95% CI, 0.786-2.911) in males, and increased with age. Figure 2 illustrates the case of two

participants with incident RPD during follow-up.

Characteristics of eyes with incident RPD

Socio-demographic, medical and genetic characteristics of eyes with and without incident RPD
were analyzed.

In the univariate model, as shown in Table 3, no statistical differences were observed
concerning the following socio-demographic and medical factors: sex, education level,

smoking status, axial length, lens extraction, diabetes, blood hypertension (or lowering blood
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pressure medication) and BMI. A significant association was found with subfoveal choroidal
thinning (HR, 1.05; 95% CI 1.01-1.10; P=0.0479). In the subgroup of eyes with axial length
measurement available (n= 40 out of 42 incident RPD cases), adjustment of SFCT data on axial
length increased the statistical significance of the association (HR, 1.08; 95% CI 1.03-1.12;
P=0.00018). Whereas no associations were found with standard markers of lipid metabolism
(mean total cholesterol, high-density lipoprotein (HDL) cholesterol, low-density lipoprotein
(LDL) cholesterol, triglycerides), a protective association was observed specifically with
liposoluble statin medication (HR, 0.13; 95% CI 0.02-0.97; P=0.0467). Among the genetic
factors analyzed, risk of incident RPD was increased with at-risk alleles for CFH rs1061170
(HR, 1.96; 95% ClI, 1.02-3.77; P=0.0441), ARMS2 rs10490924 (HR, 3.22; 95% CI 1.53-6.77;
P=0.0020) and, interestingly, also with LIPC rs10468017 (HR, 2.11; 95% CI 1.02-4.37,
P=0.0442). No significant associations were observed with SNPs rs2230199 (C3 factor),
rs641153 (B factor), rs493258 (LIPC), rs12678919 (LPL), rs3764261 (CETP), rs1883025
(ABCAL) and ApoE4.

Table 4 displays the results of the multivariate analysis. Due to the major confusion in SFCT
interpretation data with axial length, the multivariate model was forced for axial length as
specified in the method section. Three risk factors for incident RPD were identified in our
population: subfoveal choroidal thinning (HR, 1.06; 95% CI 1.01-1.11; P=0.0085), ARMS2
risk allele T (HR, 3.36; 95% CI 1.64-6.88; P=0.0009) and LIPC (rs10468017) risk allele T (HR,
2.65; 95% CI 1.39-5.03; P=0.0029). Conversely, intake of liposoluble statin medication (HR,
0.18; 95% CI 0.03-0.96; P=0.0448) was found to be a protective factor.

Discussion

Our study analyzes for the first time RPD incidence in a population of elderly subjects using
multimodal imaging. In our cohort, RPD annual incidence rate was 2.047%, and the estimated
cumulative 5-year incidence rate was 9.73%. Previous published incidental data were only
based on retinal color image interpretations. In BDES, in eyes over 75 years at baseline, the
reported 15-year incidence of RPD was 6.6%. 1° In BMES, the 5-year incidence, the 15-year
cumulative incidence whatever the age and the 15-year cumulative incidence in eyes over 75
years were 2.0%, 4.0% and 4.9% respectively. 22 The higher rate we observed in our cohort
can mainly be explained by two factors. First, the systematic use of multimodal imaging for
RPD assessment which has undoubtedly increased the sensitivity of RPD detection in our
participants 121820, Secondly, the short intervals between eye examinations (1 to 2 years) used
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in our cohort have minimized survival bias as compared to BDES and BMES. In these two
cohorts, indeed, follow-up examinations were performed with 5-year intervals and this may
have led to increased survival bias and subsequent decreased incidence rates, as some
participants may have developed RPD and died within the 5-year interval and therefore not
have been counted as incident cases.

Identified risk factors associated with incident RPD in our cohort were high age, female gender,
subfoveal choroidal thinning and genetic background (CFH, ARMS2 and LIPC at-risk
genotypes). Interestingly, lipophilic statin intake was found to be protective. Several
constitutive, genetic and acquired -either environmental or behavioral- risk factors were
described in the literature in association with RPD*2?%, Most studies agree that RPD
prevalence®16-18.21.3536 ang incidence®!* increase with age and female gender, as observed in
the present study. Besides age and gender, choroidal thinning was regularly found to be
associated with RPD 8203537393956 "However, causality between choroidal thinning and RPD
remains elusive: RPD were alternatively proposed to be a consequence®34%57 or a cause of
choroidal thinning®®. Our prospective analyses rule out this last hypothesis, since incident RPD
were found to be significantly associated with choroidal thinning both in the univariate and
multivariate models, therefore demonstrating that choroidal modifications precede RPD
occurrence. However, underlying pathophysiological mechanisms remains to be elucidated and
we cannot exclude a third unidentified factor. 4

Predisposing genetic background has been documented in age-related retinal lesions.® Variants
in ARMS2%960 and CFH®.82 genes have been strongly involved in AMD. Same risk alleles have
also been found to be associated with RPD. >!32 Whereas ARMS2 is almost constantly
associated with a higher risk of RPD#41617:353663-66 'controversial data on CFH were reported,
CFH being alternatively significantly associated with RPD 1416:17.6586 or not 366367 and when
associated with RPD either described as a risk factor 14161766 or a protective factor ¢°. Our
results are in line with the literature, demonstrating an increased risk of RPD in eyes with
ARMBS?2 risk allele, both in the univariate and the multivariate models. As for the CFH, it was
found to be associated with a higher incidence of RPD in the univariate model, but no more in
the multivariate analysis. This could be explained by a lack of power due to the sample size,
and/or a less important role of CFH on RPD occurrence as compared to the other factors
included in the multivariate model and as suggested by the heterogeneous results in the
literature. Besides ARMS2 and CFH, we further identified an association with a variant in the
hepatic lipase gene LIPC (rs10468017) that persisted after multivariate analysis. LIPC encodes
hepatic triglyceride lipase which is expressed in the liver, the retina and the subretinal space,

and would be involved in HDL metabolism. 80 LIPC variants (rs10468017 and rs493258)
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were already reported to be associated with a decreased risk of early and late AMD 3171 put
never with RPD alone ®. In our analyses, only LIPC variant rs10468017 was found to be
associated with incident RPD, but interestingly as a risk factor. Reasons explaining various
influence of LIPC on RPD or on other types of drusen or late AMD remain to be elucidated.
We can hypothesize that the specific location of RPD above the RPE, contrary to the main other
early AMD lesions, may at least explain for part our observation. Lipoprotein environment of
the RPE indeed is different at the basolateral and apical sides, with different cholesterol carriers
and efflux. %7274 Yet, influence of LIPC on AMD lesions was proposed to be independent of
HDL levels %757 In our population, indeed, all other biomarkers of lipid metabolism (total
cholesterol, HDL, LDL, triglycerides) were not found to be associated with incident RPD,
10.12.14,17.36 414567 iy line with most of the previous reports, except for HDL and triglycerides in
one incidental study in which they were identified as a risk factor for RPD.*

We further identified new arguments in favor of a pivotal role of lipid metabolism on RPD
occurrence. An interesting protective association of lipophilic statin intake with incident RPD
was hence observed. Such association has never been reported to this day. Association of statin
medication with AMD was analyzed in several studies with conflicting results, statins being
alternatively reported to be associated with AMD’7-84.8586 g not7880.8287-90 Moreover, when
statins were found associated with AMD, they were described either as a protective factor /-84
or as a risk factor 8¢, Such discrepancies in the literature may rely on the nature of the analyzed
statins. Hydrophilic and lipophilic statins indeed exhibit different chemical properties with
subsequent different metabolic effects. Lipophilic statins passively and non-selectively diffuse
into both hepatocyte cells and non-hepatocyte cells, while hydrophilic statins are liver-specific
and require an active transport into hepatocytes to exert their effects %4°2. Thus, a combined
analysis of the effect of the two statin subgroups without any distinction may cover up any
specific subgroup properties. The protective role of lipophilic statin towards RPD occurrence
can be explained by three potential mechanisms reported in the literature. First, in vitro
lipophilic statins were shown to be more efficient than hydrophilic statins to increase the
phagocytic function of RPE cells * and to influence cholesterol metabolism in RPE cells®.
Secondly, lipophilic statins exhibit anti-inflammatory properties.8 Thirdly, lipophilic statins
protect RPE cells from oxidative stress. %%

The main strengths of our study include its population-based older cohort sample with a three
time-point follow-up, the systematic use of multimodal imaging at each follow-up visit, and
short intervals between eye examinations (1 to 2 years) that limited survival bias. Furthermore,

RPD were not over-diagnosed since doubtful RPD were not considered for our analyses.
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Our study has still some limitations. First, the follow-up rate was intermediate at 61%.
Secondly, the small number of incident RPD (n=42) may have induced insufficient statistical
power for detecting some associations. Thirdly, included and non-included eyes differed about
age, total cholesterol, LDL cholesterol and B Factor. Finally, a last limitation could come from
the representativeness of the sample. As previously discussed,?® the Alienor subsample tends
to over-represent younger subjects and high socioeconomic status, compared to the parent
cohort (the 3C study). The individuals included in this study may accordingly be healthier and
present different lifestyles, in particular concerning their diet and physical activity, by
comparison with the general population. However, for most parameters of interest in our study,
in particular smoking, BMI, diabetes, hypertension and plasma lipids, subjects included in the

Alienor study were not different from those who did not participate.?®

Conclusion

In conclusion, in this population-based study of French elderly subjects, the annual incidence
rate of RPD was 2.047% and the five-year cumulative incidence of 9.73. These results were
higher than those previously reported in the literature and can be explained by the multimodal
detection of RPD here used for the first time. Incident RPD were strongly associated with high
age, female gender, SNPs in CFH, ARMS2, a LIPC variant and a thinner choroid. Interestingly,

lipophilic statin therapy intake was found to be protective.
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FIGURES

Figure 1: Reticular pseudodrusen in multimodal imaging

Figure 1. Reticular Pseudodrusen (RPD) along the upper arcade of the macula, in multimodal
imaging. (A) Color fundus photography with yellowish interlacing network. (B) Fundus
autoflurorescence (FAF) with a group of ill-defined hypofluorescent lesions. (C) Near-
infrared reflectance (NIR) with a group of isoreflectant lesions surrounded by halos of
hyporeflectance, responsible for the “target aspect”. (D) Spectral-domain optical coherence
tomography (SD-OCT): horizontal line scan showing different stages of RPD with
hyperreflective deposits between the retinal pigment epithelium and the ellipsoid zone (stage
1) or triangular deposits breaking through the ellipsoid zone (stage 3).
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Figure 2: Two patients with incident reticular pseudodrusen

Figure 2. Images of two patients with incident Reticular Pseudodrusen (RPD). For each
follow-up we decided to show the two most sensitive exams: Near-infrared reflectance (NIR)
and Optical Coherence Tomography (OCT) acquired with following conditions. Two years
passed between each follow-up and the appearance of typical images of RPD is visible for the
first patient along the superior vascular arcades on the left eye (A, B and C) and for the
second with a diffuse distribution on the right eye (D, E and F).
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TABLES

Table 1. Baseline characteristics of included and non-included eyes

Characteristic Eyes P value
Included (n=472) Non-included (n=532)
N (%) or Mean + SD N (%) or Mean + SD
Age, years 819+ 3.2 84.4 4+ 3.9 <0.0001
Female sex 263 (55.7) 331 (62.2) 0.14
Education 0.52
None or primary 28 (5.9) 40 (7.6)
Secondary 215 (45.6) 257 (48.5)
High school or 229 (48.5) 233 (44.0)
university
Cataract extraction 230 (50.8) 298 (59.8) 0.98
Subfoveal Choroidal Thickness, 220.1 + 82.40 192.5 + 76.68 0.12
pHm
Axial length, mm 235+ 14 236+ 15 0.76
Smoking status 0.12
Non-smoker 315 (67.6) 331 (62.9)
<20 pack-year 64 (13.7) 108 (20.5)
> 20 pack-year 87 (18.7) 87 (16.5)
Body Mass Index, kg/m?2 26.2+ 4.0 25.6 +4.2 0.11
Diabetes 41 (8.8) 67 (13.2) 0.11
Hypertension > 140/90 mmHg 254 (57.9) 290 (60.3) 0.59
Antihypertensive therapy intake 296 (63.8) 338 (66.5) 0.52
Plasma lipid concentration,
mmol/L 5.38 +1.10 5.63 +1.16 0.0204
Total cholesterol 1.46 +0.36 1.50 +0.39 0.31
HDL cholesterol 3.33 +£0.95 352 +0.98 0.0384
LDL cholesterol 1.27 +0.50 1.32 +0.58 0.36
Triglyceride
Statin therapy intake 141 (30.4) 145 (28.7) 0.67
Liposoluble 84 (18.1) 86 (17.0) 0.74
Water-soluble 57 (12.3) 59 (11.7) 0.83
Fibrate therapy intake 42 (9.0) 40 (7.9) 0.64
CFH rs1061170 0.44*
CcC 51 (11.6) 53 (11.1)
TC 179 (40.8) 223 (46.6)
TT 209 (47.6) 203 (42.4)
ARMS?2 rs10490924 0.08*
GG 279 (69.6) 273 (64.2)
GT 114 (28.4) 128 (30.1)
TT 8 (2.0) 24 (5.6)
C3 Factor rs2230199 0.06*
CCorGC 90 (23.1) 132 (31.9)
GG 300 (76.9) 282 (68.1)
B Factor rs641153 0.05*
AA or GA 122 (30.4) 100 (23.5)
GG 279 (69.6) 325 (76.5)
ApoE4 86 (19.3) 80 (16.4) 0.40
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Characteristic

Eyes

P value

Included (n=472)

N (%) or Mean + SD

Non-included (n=532)

N (%) or Mean + SD

LIPC rs493258 0.33*
cC 99 (24.7) 123 (28.9)
CT 212 (52.9) 216 (50.8)
TT 90 (22.4) 86 (20.2)

LIPC rs10468017 0.20*
cC 192 (47.9) 228 (54.2)
TC 179 (44.6) 167 (39.7)
TT 30 (7.5) 26 (6.2)

LPL rs12678919 0.57*
AA 290 (74.7) 326 (78.7)
GG or AG 98 (25.3) 88 (21.3)

CETP rs3764261 0.24*
AA 36 (9.1) 38 (9.1)
AC 151 (38.3) 191 (45.9)
cC 207 (52.5) 187 (44.9)

ABCAL rs1883025 0.19%
cC 212 (52.9) 226 (53.2)
CT 160 (39.9) 148 (34.8)
TT 29 (7.2) 51 (12.0)

Bold values indicate significant difference
ABCA1= Adenosine triphosphate-Binding Cassette transporter 1; ApoE4= Apolipoprotein E4;

ARMS2= Age-Related Maculopathy Susceptibly 2; B Factor= Complement Factor B; C3 Factor=
Complement Factor C3; CETP= Cholesteryl Ester Transfer Protein; CFH= Complement Factor H;
HDL= high-density lipoprotein; LDL= low-density lipoprotein; LIPC= Lipase C precursor; LPL=

LipoProtein Lipase;

* P value obtained by using generalized linear model

Table 2. Annual and five-year cumulative incidence of reticular pseudodrusen per eye
according to sex and age range in the ALIENOR Study, 2011-2017

Characteristic Number at risk Annual Incidence % 5-Year
(95% CI) Incidence

Male sex 209 1.512 (0.786-2.911) 7.28
Female sex 263 1.948 (1.287-2.947) 9.28
77-79 years 163 3.605 (2.225-5.840) 16.49
80-84 years 235 11.79 (4.364-31.87) 44,54

85 + years 74 14.69 (4.691-45.99) 52.03
Total 472 2.047 (1.373-3.051) 9.73

Cl= Confidence Interval
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Table 3. Associations of incident Reticular Pseudodrusen per eye with potential risk
factors in the ALIENOR Study, 2011-2017 (univariate model adjusted for gender)

Characteristic N Eyes HR (Cl 95%) P value
Incident Incident RPD Non-Incident
/Non-  N(%) or RPD N(%) or
incident Mean + SD  Mean + SD
Age, years 42/430 83.7+3.3 81.7+3.1
Female sex 42/430 28 (65.1) 235 (54.8) 0.66 (0.28-1.53) 0.33
Education 42/430 0.49
None or primary 2 (4.6) 26 (6.1)
Secondary 15 (34.9) 200 (46.6) 0.83 (0.11-6.44)
High school or 26 (60.5) 203 (47.3) 1.37 (0.18-10.17)
university
Cataract extraction 41/412 28 (66.7) 202 (49.1) 1.75(0.80-3.82) 0.16
Subfoveal Choroidal 40/408 186.48 223.36 +82.13 1.05(1.01-1.10)* 0.0479
Thickness, pm + 78.38
Axial length, mm 42/430 23.17+1.11 2357+140  0.80(0.56-1.16) 0.24
Smoking status 40/426 0.14
Non-smoker 25 (61.0) 290 (68.2)
<20 pack-year 3(7.3) 61 (14.4) 0.72 (0.19-2.66)
> 20 pack-year 13 (31.7) 74 (17.4) 2.52 (0.87-7.24)
Body Mass Index, kg/m? ~ 43/405 26.2 + 4.3 26.2+ 4.0 1.02 (0.92-1.15) 0.67
Diabetes 42/422 3 (7.0) 38 (9.0) 0.52 (0.13-2.06) 0.35
Hypertension > 140/90 38/402 20 (52.6) 234 (58.4) 0.80(0.35-1.83) 0.60
mmHg
Antihypertensive therapy 42/422 28 (65.1) 268 (63.7) 1.22 (0.50-2.98) 0.66
intake
Plasma lipid concentration
mmol/L
Total cholesterol 36/372 5.21+1.21 5.40 + 1.08 0.74 (0.43-1.29) 0.29
HDL cholesterol 36/372 1.9 +£0.40 1.45+40.35 2.54 (0.67-9.54) 0.17
LDL cholesterol ~ 36/372 3.10+101 3.36+094  0.64(0.37-1.11) 0.11
Triglyceride 36/372 115+042 1284051 0.59 (0.21-1.65) 0.32
Statin therapy intake 42/422 10 (23.3) 131 (31.1) 0.78 (0.30-2.00) 0.61
Liposoluble 42/422 1(2.3) 83 (19.7) 0.13(0.02-0.97)  0.0467
Water-soluble 42/422 9 (20.9) 48 (11.4) 2.00 (0.68-5.88) 0.21
Fibrate therapy intake 42/422 2 (4.6) 40 (9.5) 0.43 (0.08-2.40) 0.34
CFH rs1061170 40/399 1.96 (1.02-3.77)  0.0441*
CC(2) 11 (27.5) 41 (10.3)
TC (1) 18 (45.0) 161 (40.4)
TT (0) 11 (27.5) 197 (49.4)
ARMS?2 rs10490924 37/364 3.22 (1.53-6.77)  0.0020*
GG (0) 19 (51.4) 260 (71.4)
GT (1) 13 (35.1) 101 (27.8)
TT (2) 5(13.5) 3(0.8)
C3 Factor rs2230199 37/353 1.20 (0.53-2.74) 0.66*
GG (0) 26 (70.3) 274 (77.6)
GC (1) 11 (29.7) 75 (21.3)
CC(2) 0 4(1.1)
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Characteristic N Eyes HR (Cl 95%) P value
Incident Incident RPD Non-Incident
/Non-  N(%) or RPD
incident Mean + SD  N(%) or Mean
+ SD
B Factor rs641153 37/364 0.54 (0.19-1.49) 0.23*
GG (0) 30 (81.1) 249 (68.4)
AG (1) 5(13.5) 107 (29.4)
AA (2) 2(5.4) 8(2.2)
ApoE4 40/406 6 (14.6) 80 (19.8) 0.61(0.19-1.96) 0.40
LIPC rs493258 37/364 1.47 (0.77-2.78)  0.24*
CC(0) 8 (21.6) 91 (25.0)
CT () 16 (43.2) 197 (54.1)
TT (2) 13 (35.1) 76 (20.9)
LIPC rs10468017 37/364 2.11(1.02-4.37) 0.0442*
CC(0) 14 (37.8) 178 (48.9)
TC (1) 17 (46.0) 163 (44.8)
TT (2) 6 (16.2) 23 (6.3)
LPL rs12678919 33/355 0.35(0.09-1.38) 0.14*
AA (0) 29 (87.9) 260 (73.2)
AG (1) 4 (12.1) 93 (26.2)
GG (2) 0 2 (0.6)
CETP rs3764261 37/359 0.64 (0.27-1.54) 0.32*
AA (2) 3(8.6) 33(9.2)
AC (1) 8 (22.8) 143 (39.8)
CC(0) 24 (68.6) 183 (51.0)
ABCAI1 rs1883025 37/364 0.68 (0.28-1.64) 0.39*
CC (0) 24 (64.9) 188 (51.6)
CT (@) 10 (27.0) 150 (41.2)
TT (2) 3(8.1) 26 (7.1)

Bold values indicate significant HRs
ABCA1= Adenosine triphosphate-Binding Cassette transporter 1; ApoE4= Apolipoprotein E4;

ARMS2= Age-Related Maculopathy Susceptibly 2; B Factor= Complement Factor B; C3 Factor=

Complement Factor C3; CETP= Cholesteryl Ester Transfer Protein; CFH= Complement Factor H; Cl=
Confidence Interval; HDL= high-density lipoprotein; HR = Hazard Ratio; LDL= low-density
lipoprotein; LIPC= Lipase C precursor; LPL= LipoProtein Lipase;

®HR per 10 microns decrease

*HR obtained from the number of risk alleles (0,1,2)

Table 4. Associations of incident Reticular Pseudodrusen per eye with potential risk
factors in the ALIENOR Study, 2011-2017 (multivariate model)

Characteristic HR (95% CI) P value
ARMS2 rs10490924 3.36 (1.64-6.88) 0.0009
LIPC rs10468017 2.65 (1.39-5.03) 0.0029
Subfoveal Choroidal Thickness, um 1.06 (1.01-1.11)® 0.0085
Liposoluble Statin therapy intake 0.18 (0.03-0.96) 0.0448

ARMS2= Age-Related Maculopathy Susceptibly 2; Cl= Confidence Interval; HR = Hazard
Ratio; LIPC= Lipase C precursor

2HR per 10 microns decrease
Axial length and gender forced into the model
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V. SYNTHESE ET PERSPECTIVES

Notre étude met en évidence un taux d’incidence annuel de 2.047% pour les pseudodrusen
réticulés chez les sujets bordelais de plus de 77 ans. Les facteurs de risque associés, mis en
évidence lors de I’analyse multivariée étaient : la présence de ’alléle a risque du géne ARMS2
rs10490924, la présence de 1’allele a risque du gene LIPC rs10468017 et une épaisseur

choroidienne plus fine. La prise d’une statine liposoluble était un facteur protecteur.

Cette étude retrouve un taux d’incidence supérieur a ceux de la littérature (6.6% a 15 ans dans
la Beaver Dam Eye Study® et 2.0% a 15 ans dans la Blue Mountains Eye Study®). Ceci
s’explique en partie par l’utilisation d’une imageriec multimodale, avec une sensibilité
diagnostique supérieure a celle des rétinophotographies seules. En revanche, notre suivi moyen
de 3.7 ans est relativement court comparé aux précédentes études et il serait intéressant de
poursuivre ce travail avec un suivi plus long. Toutefois, notre population étant vieillissante avec
un nombre de perdus de vue augmentant a chaque suivi, la création d’une nouvelle cohorte plus

jeune permettrait d’avoir un échantillon plus représentatif de la population générale.

En ce qui concerne le diagnostic, les imageries a notre disposition sont en constante progression
et nous pourrions envisager une sensibilité et une spécificité diagnostique proche de 100% en
2018, ce qui n’était pas le cas a I’inclusion de nos donnees en 2011. Par exemple, les
rétinographes ultra-grand champ permettent de visualiser 200° de la rétine avec des images en
couleur ou en autofluorescence (Annexe 3a). Domalpally et al.!! ont montré que la prévalence
des pseudodrusen réticulés sur ces clichés 200° était de 11% versus 5% avec une image
conventionnelle 45°. De méme pour I’OCT, la possibilité¢ d’enregistrer des volumes de 12 x 12
mm, a permis de montrer que 10% des pseudodrusen réticulés n’étaient pas diagnostiqués
versus 14% pour un OCT classique 6 x 6 mm*? (Annexe 3b). En effet, méme s’ils sont souvent
présents au niveau de 1’arcade temporale supérieure, la répartition des pseudodrusen réticulés
est variable, allant de la péri fovéa a la moyenne périphérie rétinienne, en passant par la zone
péripapillaire.™

Par ailleurs, Van Grinsven et al.!* ont montré qu’une automatisation du diagnostic était possible

avec des performances similaires a une analyse manuelle.
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Ainsi, de nombreux progres diagnostics ont été réalisés au cours des derniéres années
concernant les pseudodrusen réticulés et la DMLA. Une des priorités devient donc
I’identification des facteurs de risque, notamment génétiques. En effet, la recherche sur la
thérapie génique dans la DMLA n’a pas permis d’établir de nouveau traitement a ce jour, mais
’augmentation du nombre d’études laisse un espoir pour les années a venir.'® Une étude de plus
grande envergure, multicentrique, permettrait d’augmenter la puissance statistique, souvent
trop faible pour mettre en évidence les génes associés aux pseudodrusen réticulés. De méme,
une meilleure identification des facteurs de risque modifiables, sur le modele de I’étude
AREDS?®, permettrait d’envisager des mesures de prévention des pseudodrusen réticulés. En
ce qui concerne 1’association a une choroide plus fine, d’une part notre étude la confirme et
d’autre part, elle évoque la notion de temporalité avec une atteinte choroidienne qui précéderait
I’apparition des pseudodrusen. Méme si cette relation a déja été évoquée, il s’agit de la premicre
étude épidémiologique la confirmant.” Toutefois, nous ne pouvons pas exclure la présence d’un

tiers facteur non identifié.’

Par ailleurs, une analyse histologique et immunohistochimique plus fine, différenciant les sous
types de pseudodrusen® (Annexe 1c), les différents stades!® (Annexe 1d) ainsi que leur
distinction dans une étude épidémiologique de grande envergure permettrait de mieux

comprendre la physiopathologie et notamment 1’influence des statines liposolubles.

A I’avenir, I’identification et la lutte contre les facteurs de risque modifiables des pseudodrusen
réticulés pourraient permettre une diminution du risque d’évolution vers une forme sévére de
DMLA. De plus, leur prise en compte dans une nouvelle classification de la DMLA permettrait

de conforter I’intérét de leur dépistage précoce en pratique clinique.

En conclusion, notre étude fondée sur I’imagerie multimodale apporte une vision européenne
de I’incidence des pseudodrusen réticulés. Parmi les facteurs de risque décrits habituellement,
nous avons mis en évidence dans 1’analyse multivariée : la présence de I’allele a risque de
ARMS?2 rs10409024 et une épaisseur choroidienne plus fine. En revanche, deux associations
n’ont jamais été décrites dans des études épidémiologiques : LIPC rs1046801 en tant que
facteur de risque et la prise d’une statine liposoluble en tant que facteur protecteur. De nouvelles

études, idéalement avec un effectif plus large, sont nécessaires afin de valider ces résultats.
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VI. ANNEXES

A. Annexe 1 : Les pseudodrusen réticulés

a. Pseudodrusen réticulés versus drusen

Les pseudodrusen réticulés sont situés en avant de 1’épithélium pigmentaire (RPE) a I’inverse
des drusen, des « basal linear deposit » et de leurs précurseurs (« basal laminar deposit »),

situés en arriere de 1’épithélium pigmentaire.

uudodruun:
réticulé

A | A AAA AAAA AANAAN ANAAAD ARAAAA "‘fﬂ.
”mp‘mr\‘}1‘;\“‘“%“M‘ﬂ Jﬂ“w“l‘lil"\m ARAR M\“r" A '
\‘.‘U'JL‘.\JUJ\.rl.’vb‘J\.(“ TATAIAVATY)

——

{0
WUUNUVU| IWULUNUUU L

(AN 7

10 ML
Basal linear [4%4

Figure 1 : Schéma comparatif pseudodrusen réticulés versus drusen.

L : lipofuscin
RPE : retinal pigment epithelium
Modifié d’aprés Andrew P. Schachat, Rayan’s RETINA Sixth Edition, Elsevier, 2018, pp. 532

b. Terminologie (d’aprés Spaide et al., 2018)

Bien que le terme de « pseudodrusen visible en lumiére bleue » fiit le premier utilisé, d’autres
dénominations ont été utilisées : pseudodrusen réticulés, drusen réticulés, maladie réticulée
maculaire et dépdts drusenoides sous retiniens. Les termes les plus cités sont « pseudodrusen
réticulés » et « dépots drusénoides sous rétiniens », en raison de la localisation pré epithéliale
et sous rétinienne d’une part et des quelques caractéristiques communes avec les drusen d’autre
part. Toutefois, le caractére réticulé ne correspond pas a la forme la plus fréquente, mais a celle
décrite initialement au fond d’ceil et d’un point de vue sémantique, il faudrait donc privilégier
« depdts drusénoides sous rétiniens ».

Dans ce travail, et dans 1’attente d’un consensus, nous avons choisi de conserver le terme de

« pseudodrusen réticulé », actuellement le plus cité.
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c. Classification

Il existe plusieurs sous-types, classés selon leur apparence en imagerie multimodale par

Suzuki et al., 2014.18

1) Les pseudodrusen punctiformes (« Dot »)
Ce sont les plus fréquents, ils sont généralement
détectés avec les clichés en proche infrarouge et les
rétinophotographies couleurs.

2) Les pseudodrusen en ruban (« Ribbon »)
Ils ressemblent & la description originale avec leur
aspect réticulé. Ils sont généralement associés a la
forme « Dot ». lls sont mieux visualisés sur les
rétinophotographies couleurs.

3) Les pseudodrusen de la moyenne périphérie
(« Mid-peripheral)
Ils apparaissent petits, espaces sous forme de
globules confluents localisés préférentiellement a
[’extérieur des arcades vasculaires.

Figure 2 : Les différents sous-types de pseudodrusen
Ilustration adaptée de Suzuki et al., 20148



d. Les différents stades décrits par Zweifel et al., 2010

P
e e i

Normal Stage 1 Stage 2 Stage 3

Figure 3 : Les différents stades de pseudodrusen réticulés
Illustration extraite de Zweifel et al., 2010*°

La figure 3 présente les différents stades de pseudodrusen réticulés décrits par Zweifel et al.®
Cette classification est fondée sur I’OCT et la localisation de la limite supérieure du matériel
hyper réflectif par rapport a la ligne IS/OS (limite entre les segments internes et externes des
photorécepteurs)
- Stade 1 : dép6t diffus de matériel hyper réflectif granulaire entre 1’épithélium
pigmentaire et la ligne 1S/OS
- Stade 2 : accumulation de matériel suffisant pour altérer le la ligne 1S/OS

- Stade 3 : apparence conique du matériel, qui interrompt la ligne IS/OS
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B. Annexe 2 : Classifications et DMLA

La dégénérescence maculaire liée a 1’age a été décrite a travers plusieurs classifications ayant

évoluées avec I’apport de nouvelles connaissances. La figure 4 présente celle de Ferris et al.?°

Absence de modifications liées a I'dge
» Pas de drusen et
« Pas d'anomalie pigmentaire liée a la DMLA*

Modifications normales liées a I'age
*  Seulement des drusen < 63um et
» Pas d'anomalie pigmentaire liée a la DMLA*

DMLA précoce
* Drusen entre 63 et 125 pum et
» Pas d'anomalie pigmentaire liée a la DMLA*

DMLA intermédiaire
* Drusen > 125 um et/ou
« N'importe quelle anomalie pigmentaire liée a la DMLA*

DMLA avancée
« DMLA néovasculaire
et/ou

« Atrophie géographique

# prévalence élevée avec les pseudodrusen

*Anomalies pigmentaire liée a la DMLA = hyper ou hypo pigmentation
associée a des drusen, en l'absence d’autre pathologie maculaire connue

Figure 4. Classification de la DMLA selon Ferris et al., 2013%°



La figure 5 presente la classification des néovaisseaux dans la DMLA exsudative, par Freund

etal.?

Néovaisseaux de type 1

Prolifération sous 1’épithélium pigmentaire

Néovaisseaux de type 2
Prolifération en avant de 1’épithélium pigmentaire

Néovaisseaux de type 3
Anastomose choriorétinienne (ou Retinal Angiomatous Proliferation)
# prévalence élevée avec les pseudodrusen

Vasculopathie polypoidale
Un variant des néovaisseaux de type 1

Figure 5 : Classification des néovaisseaux d’aprés Freund et al., 20102
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C. Annexe 3 : Nouvelles imageries

a. L’imagerie ultra-grand champ

L’image de gauche est une rétinophotographie couleur standard de 30° et I’'image de droite est
une image du fond d’ceil ultra-grand champ de 200°. Les fléches correspondent a des

pseudodrusen réticulés.

Figure 6 : Les pseudodrusen et I’imagerie ultra-grand champ : il gauche d’un

patient atteint de DMLA et présentant des pseudodrusen réticulés

lllustrations extraites de Domalpally et al., 2017
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b. L’OCT grand champ

L’image de gauche est une rétinophotographie couleur standard de 45° sur laquelle les dép6ts
jaunatres sont compatibles avec des drusen classiques et pseudodrusen réticulés.

L’OCT en face (12 x 12 mm) a droite, avec une segmentation de 20 microns située en avant de
I’épithélium pigmentaire rétinien, met en évidence des zones d’hyper réflectivité focales,

typiques des pseudodrusen réticulés.

Figure 7 : Les pseudodrusen en OCT en face grand champ : ceil droit d’un patient
de 76 ans atteint de DMLA et présentant des pseudodrusen réticulés

Illustrations extraites de Schaal et al., 201712
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ABSTRACT

INCIDENCE AND RISK FACTORS FOR RETICULAR PSEUDODRUSEN: THE
ALIENOR STUDY

Purpose: To describe in a population-based study of French elderly subjects the incidence of
reticular pseudodrusen (RPD) as detected using multimodal imaging, and to analyze their
potential associated risk factors.

Methods: Population-based sample of 759 residents of Bordeaux, France, who participated in
the Antioxydants, Lipides Essentiels, Nutrition et Maladies Oculaires (ALIENOR) Study. 257
were unable to come to hospital and did not perform all exams. Of the remaining 1004 eyes
(502 participants), 532 eyes were excluded. Data were collected between February 22, 2011
and February 15, 2017 mean (SD) follow-up duration was 3.7 (1.0) years. RPD were defined
as definite if they were classified as present with at least two imaging methods from among
color fundus photography, fundus autofluorescence, near-infrared reflectance and optical
coherence tomography.

Results: Of the 472 eyes participants, 263 (55.7%) were women, and the mean (SD) age was
81.9 (3.2) years. 42 eyes were incident for RPD with an overall annual incidence of 2.047%
(95% CI, 1.373-3.051) and an estimated 5-year incidence of 9.73%. Annual incidence was
higher in females, i.e. 1.948% (95% ClI, 1.287-2.947) versus 1.512% (95% CI, 0.786-2.911) in
males, and increased with age. In multivariate analysis, three risk factors for incident RPD were
identified: subfoveal choroidal thinning (HR, 1.06; 95% CI1 1.01-1.11; P=0.0085), presence of
risk allele of ARMS2 rs10490924 (HR, 3.36; 95% CIl 1.64-6.88; P=0.0009) and LIPC
rs10468017 (HR, 2.65; 95% CI 1.39-5.03; P=0.0029). Taking liposoluble statin medication
(HR, 0.18; 95% CI1 0.03-0.96; P=0.0448) was shown to be a protective factor.

Conclusions: In this cohort, RPD incidence rate was higher to those observed in other
population-based study. We confirm high risk for incident RPD in patients with subfoveal
choroidal thinning and carriers of ARMS2 at-risk genotypes and suggests it in patients’ carriers
of LIPC at-risk genotypes. Also, taking liposoluble statin medication could be a protective
factor.
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RESUME

INCIDENCE ET FACTEURS DE RISQUE DES PSEUDODRUSEN RETICULES:
L’ETUDE ALIENOR

Objectif : Décrire dans une cohorte de sujets agés frangais, 1’incidence des pseudodrusen
réticulés (RPD) diagnostiques par imagerie multimodale, et analyser les facteurs de risque
associés.

Meéthodes : Etude de cohorte issue d’un échantillon de 759 bordelais participant a 1’étude
ALIENOR (Antioxydants, Lipides Essentiels, Nutrition et Maladies OculaiRes). Parmi eux,
257 ne pouvaient se rendre a I’hopital pour réaliser ’ensemble des examens. Sur les 1004 yeux
restants (502 participants), 532 ont été exclus. Les données ont été recueillies entre 2011 et
2017 et la durée moyenne de suivi était de 3.7 +/- 1.0 ans. Les RPD devaient étre présents sur
au moins deux examens parmi les rétinophotographies, les clichés en autofluorescence ou en
proche infrarouge et la tomographie en cohérence optique.

Résultats : Sur les 472 yeux inclus, 263 (55.7%) étaient des femmes et 1’age moyen était de
81.9 +/-3.2 ans. 42 yeux présentaient des RPD incidents avec un taux d’incidence annuel de
2.047% (1C95%, 1.373-3.051) et une incidence a 5 ans estimée a 9.73%. L’incidence annuelle
était plus élevée chez les femmes que chez les hommes (1.948% versus 1.512%) et augmentait
également avec 1’age. En multivarié, trois facteurs de risque ont été identifiés : une épaisseur
choroidienne rétrofovéolaire plus mince (HR, 1.06; 1C95% 1.01-1.11; p=0.0085) et la
présence des génotypes a risque pour ARMS2 rs10490924 (HR, 3.36; 1C95% 1.64-6.88 ;
p=0.0009) et LIPC rs10468017 (HR, 2.65 ; 1C95% 1.39-5.03 ; p=0.0029). La prise de statine
liposoluble était un facteur protecteur (HR, 0.18 ; 1C95% 0.03-0.96 ; p=0.0448).

Conclusion : Dans notre cohorte, I’incidence des RPD est plus élevée que dans les précédentes
et nous confirmons deux facteurs de risque connus : amincissement choroidien et ARMS2.
LIPC en tant que facteur de risque et le caractere protecteur des statines liposolubles sont deux
nouvelles associations nécessitant de nouvelles études.

DISCIPLINE : Ophtalmologie

MOTS-CLEFS : Pseudodrusen réticulés, dégénérescence maculaire liée a 1’age, épaisseur
choroidienne, ARMS2, LIPC, statines liposolubles, depdts drusénoides sous-rétiniens,
incidence
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