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Foreword

This book has been written by the ophthalmology department team at Créteil
Intercommunal Hospital. It aims to cover the full range of clinical knowledge on age-

related macular degeneration.

Recent years have seen an increase in our understanding of the importance of the
genetic origins of AMD, along with the impact of environmental and nutritional factors.
Macular imaging has become multimodal, with colour and Multicolor® photographs,
autofluorescence and infrared photographs, fluorescein angiography, indocyanine
green angiography, OCTA, spectral-domain OCT, EDI-OCT, and wide-field and ultra-

wide-field imaging.

The information obtained from these new forms of imaging has required us to revisit
the group of diseases categorised as “age-related macular degeneration”, resulting
in an even greater refinement of the associated clinical description and changes to
the AMD classification system. Pigment epithelial detachment covers a spectrum of
entities with different semiology and prognosis, including serous PED, fibrovascular
PED, wrinkled PED and fibrous PED, among others. Fibrosis and atrophy underlying
neovascularization are no longer occult, but better described and better detected.
Finally, EDI-OCT has enabled us to differentiate between different pachychoroid
diseases, including retinal pigment epitheliopathy, central serous chorioretinopathy,
polypoidal vasculopathy and adult-onset foveomacular vitelliform dystrophy. Atrophic
AMD is starting to appear in therapeutic considerations of the disease, and the clinical

forms of the various entities included under this term are gradually being described.

The final piece of the puzzle is longitudinal patient monitoring, both prospective and
retrospective. The technique of eye tracking has been hugely significant in optimising
patient monitoring, both in terms of the natural history of the disease and after

treatment, primarily via OCT.

Prof. Eric Souied
Head of Department of Ophthalmology,
Créteil Intercommunal Hospital Centre
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Age-related macular degeneration: epidemiology, environmental and genetic risk factors

Age-related macular degeneration (AMD) is a common eye disease among older people, causing a
severe visual impairment. The pathophysiology of AMD remains largely unknown: it is a complex,
multi-factorial disease involving aging of the retina and a combination of environmental and
genetic factors.

1. Epidemiology

The majority of the large epidemiological studies on age-related macular degeneration (AMD) have been
conducted in the United States!-3. The Beaver Dam Eye Study? estimated the prevalence of advanced
forms of the disease at 1.6% of the general population and 7.1% in people over 75 years old. In Europe,
the data from the EUREYE Study* are consistent with the American data and indicate a prevalence of
1.2% for geographic atrophy and 2.3% for exudative forms. In France, the disease affects an estimated
1.5 million people*. It is estimated that by 2020, around 196 million people worldwide will be suffering
from a form of AMD?.

2. Constitutional and environmental
risk factors

1) Constitutional factors

Several constitutional factors have been studied in order to identify their role in the onset of the disease.
Age is obviously a factor, with prevalence increasing with age. In addition, the prevalence of the disease
varies depending on the ethnic origin of the studied populations®. Advanced forms of AMD are more
common in Caucasian populations than in dark-skinned populations’. In terms of sex, some meta-
analyses have not found any differences in disease prevalence between men and women’. However, the
Beaver Dam Study? found a higher incidence of age-related maculopathy in women over 75 compared
to men of the same age.

Multiple studies have established correlations between certain cardiovascular risk factors and AMD. Klein
et al® found a correlation between patients with neovascular AMD and the presence of cardiovascular
disease. Data from the AREDS study reveal increased cardiovascular mortality among patients with
AMD?. However, other studies, such as AREDS Report No. 19, have not found any correlation between
AMD and angina pectoris'®. High blood pressure has been studied independently. The results are similarly
divergent, with some studies finding an association!! and others finding none!?.
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Blood lipid level has also been considered independently in multiple studies. Lipid metabolism has
been shown to be involved in the physiopathology of AMD, particularly via the role of apolipoprotein E,
which has been suggested as a genetic susceptibility factor for AMD?314 Here again, the results are
contradictory when it comes to establishing a correlation between blood lipids and disease susceptibility.

2) Environmental factors

a) Smoking, alcohol, body mass index (BMI)

Smoking is the main identified environmental risk factor!®. Alcohol consumption has also been reported
as a major risk factor for age-related maculopathy (ARM)*. A more recent study found an increased
incidence of atrophic AMD at 15 years with excessive alcohol consumption?’. BMI is also a proven risk
factor for AMD!S,

b) Omega-3 and vitamins

Omega-3s play a physiological role in the photoreceptor outer segments. Long-chain polyunsaturated
fatty acids (DHA: docosahexaenoic acid and EPA: eicosapentaenoic acid) are synthesised from linoleic
acid in food. A meta-analysis of omega-3 consumption found that it was associated with a reduced risk
of developing AMD?°,

Lutein and zeaxanthin are the two beta-carotenes found in the retina, with maximum concentration in the
macula. These pigments absorb at least 40% of blue light. Several studies have found that consuming
lutein and zeaxanthin is beneficial in warding off the disease?, but these results are contradicted by other
studies®?L.

Antioxidants have also been studied. AREDS Report No. 822 established a significant association between
antioxidant (vitamins C and E and beta-carotene) and zinc intake and a reduced risk of exudative AMD,
compared to placebo.

The NAT 2 study attempted to evaluate the efficacy of DHA and EPA supplementation in the prevention
of choroidal neovascularization at three years in patients with age-related maculopathy (ARM)?3. This
study found a significant reduction (68%) in the risk of developing an exudative form of the disease in
patients with the highest level of DHA and EPA. Genetic analysis of this cohort also demonstrated that
the protective effect of the supplementation was maximum in patients who did not have the C-allele of
the CFH Y402H polymorphism?“.
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3. Genetic risk factors for AMD
susceptibility and genetic factors
Impacting treatment response

Our understanding of the genetic factors behind AMD has developed alongside advances in genetic
analysis methods, ranging from family-based analysis to association studies of large populations
with AMD compared to control populations.

1) Genetics in family cases

Genetic susceptibility to early, intermediate and advanced AMD was first hypothesised by Gass in
1973%5. Gass had observed several families with cases of AMD and hypothesised that the disease was
an autosomal dominant disorder. Other studies of family aggregation have identified a higher frequency
of the disease in the relatives of existing patients?6-28,

The existence of a geneticcomponent has also been suggested in light of the high phenotypic concordance
between monozygotic twins?®-31. Monozygotic twin studies can also be used to assess the “heritability”
of a disease, i.e. the proportion of the phenotype attributable to the genotype. The heritability of AMD is
estimated to be between 45% and 70%, based on the studies conducted3233,

Genetic linkage studies conducted in the families of people suffering from the disease have identified
various chromosomal loci of susceptibility. In 1998, Klein et al.3* published the first linkage study, which
mapped a locus of susceptibility to 1g. Several years later, this locus was found to contain one of the
major genes for susceptibility: CFH.

All of these family-based studies have clear limitations due to certain characteristics of AMD. The
advanced age of patients makes it harder to find families for analysis, and non-Mendelian inheritance
makes the disease difficult to analyse in a limited number of patients. Researchers therefore changed tack
and began comparing populations with AMD to control populations, in order to study the distribution of
genetic susceptibility markers.

2) Population genetics in AMD

a) Candidate gene approach

Certain genes, known as "candidate genes”, can be selected for analysis to determine their involvement
in the physiology of a disease. For example, the lipid composition of soft drusen led researchers to study
the genes involved in lipid metabolism, revealing an association with the 4 allele of the apolipoprotein E
gene, which was found to play a protective role®.
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Candidate genes can also be genes already known to be involved in other types of retinal dystrophy or
Mendelian-inherited maculopathy, such as the ABCA4 gene, which is involved in Stargardt disease®’;
the VDM2/BEST1 genes, involved in Best disease®®; and the RDS gene, involved in numerous hereditary
forms of retinal dystrophy?°.

These genes can also be identified by sequencing candidate regions highlighted in segregation studies or
through positional cloning. The HTRA1/ARMS?2 region has been identified using this approach.

b) Genome-wide associations studies

More recently, genome-wide association studies (GWAS) and studies of candidate regions have
enabled researchers to identify numerous other predisposing or protective variants involved in disease
susceptibility. This approach has confirmed the results in the literature, as well as identifying new
pathways potentially involved in the physiopathology of AMD. The most recent GWAS*, published in
2015, summarises the full extent of our understanding of this field, identifying 52 variants associated
with increased susceptibility to the disease in 34 loci.

c) Other types of variants causing susceptibility to AMD

Improvements in sequencing techniques have enabled researchers to study genetic variations other
than single-nucleotide polymorphisms*!. For example, chromosomal rearrangement, alternative splicing
of certain isoforms, copy number variation (CNV), micro-ribonucleic acids (miRNA) and other non-
coding RNAs, and epigenetics can all be investigated as potential factors involved in AMD susceptibility
and physiopathology. Insertions and deletions in the CFH locus**** have been identified in several
studies, alongside CNVs in the same region*>“¢. Non-coding microRNAs have been implicated in the
physiopathology of exudative AMD due to their supposed role in the regulation of both angiogenesis and
inflammation*’. Epigenetics also appears to play a role, with DNA methylation implicated in the onset of
the disease®.

3) Impact of genetics on treatment response

In terms of the severity of the disease, genotype-phenotype correlation studies have found an
association with the single-nucleotide polymorphism rs10490924 in ARMS2/HTRA1 in patients with
advanced bilateral forms of AMD*, as well as severe and early forms®. rs1061170 in CFH®! is another
polymorphism associated with bilateral forms. Additionally, a recent study identified a correlation between
a polymorphism in C3 and large vascularised pigment epithelial detachments®2.

In terms of response to anti-VEGF treatment, several single-nucleotide polymorphisms in the VEGF A
gene have been found to correlate with a better treatment response®3-%, as have certain polymorphisms
in the gene coding for the VEGF-R2 receptor %. Single-nucleotide polymorphisms in the CFH, ARMS?2
and HTRA1 genes—which all play a key role in AMD—have also all been found to correlate with a better
response to anti-VEGF treatment®®-%. For each of these variants, some of the published studies did not
find any association with treatment response®?.
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These genetic data can be combined to calculate disease prediction scores that aim to take into
account the various factors influencing the disease. For example, the score developed by Seddon et al.®®
combines 10 single-nucleotide polymorphisms in different loci (ARMS2/HTRA1, CFB, C3, C2, COL8A1,
RAD51B, C3) with age, sex, education level, BMI, smoking history and clinical examination data (drusen,
contralateral involvement) to assess the risk of AMD after 10 years. The score can be calculated at:
https: //www.seddonamdriskscore.org/. The contribution of environmental and genetic factors has been
assessed independently, and the authors conclude that combining both gives a better prediction.

Conclusion
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Part 1: Non-invasive imaging

1. Fundus photography

1) Conventional fundus cameras

a) Colour fundus photographs

Conventional fundus cameras acquire instant, high-resolution photographs of the fundus. They cover
a 45-degree field of view, and some have an embedded digital zoom option allowing the acquisition of
30-degree fundus photographs of the macula or optic disc. The latest devices no longer always require
pupil dilation before the procedure.

Colour fundus photographs are acquired using a white light fundus camera. Various monochrome filters
can be used, highlighting particular structures in the fundus and therefore making it easier to assess them.

This procedure complements dilated fundus examination (Figure 1) and is a highly effective screening
and diagnostic tool, particularly when combined with the remote transmission of digitised data. It can
also be used to objectively monitor retinal diseases over time. Its efficacy in terms of screening for and
monitoring AMD has been demonstrated in the literature®? (Figures 2, 3 and 4).

Fig. 1: 45-degree colour fundus photograph centred on the
posterior pole in a healthy subject.
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Fig. 2: Soft drusen in the posterior pole. Fig. 3: Adult-onset foveomacular Vvitelliform dystrophy:
subfoveal material deposit associated with fine drusen.

Fig. 4: Subretinal haemorrhage in AMD complicated by type 2
neovascularization accompanied by drusen.
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b) Infrared fundus photographs

These photographs use aninfrared LED and highlight retinal folds secondary to epiretinal membranes
(Figure 5), as well asthe presence of subretinal fluid, displayed as a darker area (Figure 6). The different
phenotypes observed in AMD have been described in literature?.

Fig. 5: Infrared photographs showing epiretinal membrane Fig. 6: Infrared photograph showing a pigment epithelial
folds. detachment.

c) Green or red-free fundus photographs
A 570 nm green filter highlights red structures, such as vascular structures and haemorrhages (Figures 7),
and is therefore ideal for assessing vascular structures in the fundus.

Fig. 7(A): Red free photograph showing a subretinal Fig. 7(B): Red free photograph of discrete intraretinal
haemorrhage secondary to type 2 choroidal neovascularization. haemorrhage suggesting a type 3 neovascularization,
associated with drusen.
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d) Fundus photographs with blue illumination

A 500 nm bluefilter highlights yellow structures, such as xanthophyll pigmentin the macula, and refractive
structures such as the optic fibres or an epiretinal membrane. These photographs can reveal certain
types of drusen (“blue” drusen, known as reticular pseudodrusen or subretinal drusenoid deposits, first
described by Créteil team* and associated with a risk of advanced ARMD?9). They can also be used to
detect vitelliform deposits (Figures 8). They cannot be used in the presence of significant lens opacity.

Fig. 8(A): Fundus photograph of adult-onset foveomacular Fig. 8(B): The vitelliform material disappears under blue light.
vitelliform dystrophy associated with reticular pseudodrusen.
The reticular pseudodrusen can be seen in the blue photograph.
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e) Fundus photographs with red illumination
A 645 nm red filter highlights pigment changes, which appear as darker areas in the image (Figures 9),
and can be used to assess lesions located below the pigment epithelium, within the choroid.

Fig. 9(A): Fundus photograph showing retinal pigment Fig. 9(B): The pigment changes are highlighted in the red filter
epithelium changes. image.
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2) Confocal scanning laser ophthalmoscopy (cSLO)

Unlike with conventional fundus cameras, the addition of a confocal filter prevents reflected rays from
structures located in sections of the eye other than the posterior pole from reaching the sensor, resulting
in a clear, reliable image even in the presence of media opacities. Images can be generated by associating
monochrome laser sources (red, green and blue lasers), as with the “pseudocolour” MultiColor Imaging
Spectralis® images (Heidelberg, Germany) (Figures 10 and 11), or using white light, as with the Eidon®
system (Centrevue SpA, Padova, ltaly).

Fig. 10: Posterior pole Drusen, Multicolor® mode. Fig. 11: Geographic atrophy of the posterior pole, Multicolor®
mode: the choroidal vessels are visible.

2. Fundus autofluorescence imaging

Fundus autofluorescence imaging is based on the contrast resulting from the use of a specific wavelength
to stimulate a fluorophore naturally present in the retina, the compound A2-E of lipofuscin generated by
the break down of photoreceptors’ outer segments. The photographs can be used to study pigment
distribution, which provides information on the functioning of the retinal pigment epithelium.

The accumulation of lipofuscin and A2-E observed in AMD® causes pigment epithelium dysfunction’.
Images can be acquired using a conventional fundus camera or a scanning laser ophthalmoscope (SLO)®.

In healthy subjects, homogeneous coloration is observed, indicating homogeneous distribution of
lipofuscin, with a daker area in the fovea due to xanthophyll pigment (Figure 12).
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In the presence of retinal atrophy, the disappearance of the retinal pigment epithelium results in a dark,
hypoautofluorescent area. As the disease progresses, a hyperautofluorescent outline can be seen,
reflecting the accumulation of A2-E where the pigment epithelium is becoming damaged (Figure 13).
This indicates that the atrophy is likely to spread in future®.

An accumulation of lipofuscin is observed with adult-onset foveomacular vitelliform dystrophy and
pattern dystrophy (Figure 14), both characterised by the accumulation of material in the posterior pole.

Fig. 12: Fundus autofluoresnce imaging of the posterior pole in Fig. 13: Fundus autofluorescence imaging of progressive

a healthy subject. geographic atrophy (dry AMD): the hyperautofluorescent
border around the atrophy reveals a ring of pigment epithelium
alteration surrounding the atrophy.

Fig. 14: Fundus autofluorescence imaging of pattern dystrophy.
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3. Optical coherence tomography (OCT)

This examination was first used in retinal investigations at the end of the 1990s'%*? and soon became
widespread. It involves emitting a beam of near-infrared light (840 nm) onto a semi-reflective mirror
oriented to 45°, which splits the beam into two parts: one is projected onto a reference surface and the
other is directed towards the investigated structure. The two reflected beams are then redirected into the
slit of the spectrometer, where they are analysed.

1) Time-domain OCT (TD-OCT)*?

At the end of the 1990s, the first devices were based on analysing the time between the emitted and
reflected beams using a mobile reference mirror. The acquisition speed was 400 A-scan per second, with
a resolution of 10-15 pm.

2) Spectral-domain OCT (SD-OCT)

Since 2007, OCT devices technology is based on the frequency of the refracted rays using the Fourier
transform. This improves the acquisition speed (up to 85,000 A-scan per second) and the image definition.
The axial resolution of SD-OCT is around 3-5 um and its longitudinal resolution is 15-20 pm, enabling
quasi-histological resolution of the retinal layers (Figure 15). AMD can be characterised by one or more
retinal pigment epithelium (RPE) elevations (Figure 16), the appearance of intraretinal or subretinal
exudative signs!* (Figure 17) and/or areas of retinal atrophy!® (Figure 18). From a qualitative perspective,
treated pathological areas can be analysed and compared precisely over time, using the eye tracking
system. Macular changes can be measured quantitatively: the volume or surface area of drusen'® and
neovascular membranes can be estimated, enabling more precise monitoring.
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Fig. 15: SD-OCT scan in a healthy subject.

Fig. 16: Uncomplicated drusenoid PED in early AMD.

Fig. 17: Exudative AMD with type 1 neovascularization.
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3) Enhanced depth imaging (EDI)-OCT

EDI-OCT is used for more precise assessment of the choroid'’.

The choroid becomes thinner with age, but also in hih myopia and in AMD. Conversly, thicker choroid
is found in young people, emmetropic eyes and in pachychoroid spectrum diseases, such as polypoidal
choroidal vasculopathy (Figures 18 and 19).

Fig. 18: Dry AMD. Atrophy of the RPE and outer layers (area between the arrows), with choroidal hyperreflectivity due to the
window effect.

L

Fig. 19: Polyp located between the optic disc and the maculaassociated with pachychoroid.
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Part 2: Optical coherence tomography angiography (OCTA)

1. Principle

OCTA is a new retinal imaging technique that generates images of the retinal and choroidal micro-
vasculature using sequential B-scans of the same retinal scan, in order to detect motion contrast®. Unlike
moving objects, stationary objects do not change from one image to the next and are therefore interpreted
as having no flow. Blood circulating in the retinal microvasculature, however, creates fluctuations in
reflectivity from one image to the next, which is interpreted as flow. The specific area in the retina can be
assessed by repeating the analysis on several adjacent slices. A “split-spectrum amplitude decorrelation
angiography” (SSADA) algorithm is used to calculate the difference in reflectivity between several
sequential acquisitions from the same section of the retina?

2. OCTA images

OCTA data are viewed by creating segmented B-scan scans from different layers in the retina. The layers
of the retina between two segmentation lines are then projected for en-face visualisation!. Most of the
currently available OCTA devices offer several automatic segmentation options (Figures 1 and 2):

- Superficial capillary plexus

- Intermediate capillary plexus
- Deep capillary plexus

- Outerretina

- Choriocapillaris

- Custom segmentation

A structural B-scan is obtained simultaneously, providing real-time verification of the exact location and
depth of the various structures. Figure 3 shows the multimodal imaging of an adult-onset foveomacular
vitelliform dystrophy case complicated by choroidal neovascularization visualized on OCTA.

In addition to qualitative analysis based on the structural B-scan and en-face projections, quantitative
markers for (neo)vascular disease have been developed, including vessel density, area of the foveal
avascular zone, non-perfusion area and neovascular area.

Several OCTA devices using different algorithms and wavelengths are currently available. Swept-source
OCTA devices have a wavelength of 1050 nm, which is higher than that of spectral-domain machines
(840 nm). Devices that use swept-source technology therefore offer better penetration through the
choroid than spectral-domain devices?.
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Fig. 1: Automatic segmentation available with AngioVue (Optovue).

Fig. 2: OCTA wide-field montage (PlexElite, Zeiss) from a male patient with proliferative diabetic retinopathy.
(A): Vitreoretinal interface slab. Multiple areas of pre-retinal neovascularization can be seen.

(B): Superficial capillary plexus slab. Areas of ischaemia are visible.

(C): Deep capillary plexus slab.
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Fig. 3: Adult-onset foveomacular vitelliform dystrophy complicated by choroidal neovascularization.

Fluorescein angiography in the early (A) and late (B) frames reveals a typical aspect of staining of the vitelliform material with mild
diffusion. There is no clearly identifiable neovascular network.

In fundus autofluorescence (C), the material appears hyperautofluorescent. The OCT B-scan shows serous retinal detachment (D)
which can correspond to fragmented vitelliform material. Neovascularization cannot therefore be diagnosed with certainty. On
OCTA , the presence of neovascularizsation within the choriocapillaris segmentation is clearly identifiable (arrow) (E).
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3. Artefacts

There are several different kinds of artefact that can impact the OCTA signal, regardless of which device
is used. The most common type of artefacts are projection artefacts. Projection artefacts aoriginates in
the hyperreflective RPE; variations of the reflected light off the hyperreflective RPE would be interpreted
as movement by the OCTA device, therefore generating the projection artefact®. Projection artefacts have
been described in chorioretinal atrophy, drusen and drusenoid pigment epithelial detachment.

Other OCTA artefacts have been described, including artefacts linked to image acquisition, the intrinsic
properties of the eye and eye disease (opacity of the media, vitreous haemorrhage), eye motion, as well
as image processing and display strategies. The latter category includes automatic segmentation errors,
thresholding and saturation artefacts.*

4. In practice

When using OCTA, it is therefore important to:
e Carefully identify any false positives and false negatives generated by artefacts
e Acquire good quality images (> 5/10)

e Analyse en-face flow images with the corresponding B-scan.
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Part 3: Invasive imaging

1. Fluorescein angiography

Although two students at the University of Indiana, Novotny and Alvis, had initially described the
technique of fluorescein angiography (FA) in 19612, it was Donald Gass, in 1967, who really introduced it
as a key retinal imaging technique?. As technology developed, the utility of the procedure was confirmed.
Fluorescein angiography requires the use of a fundus camera equipped with excitation and barrier filters.

Fluorescein is injected intravenously, generally into the antecubital area. A blue excitation filter allows
white light to pass through; the unbound fluorescein molecule then absorbs the blue light (465-
490 nm) and emits light with a longer wavelength in the yellow-green spectrum (520-530 nm).
A barrier filter blocks out any other reflected wavelengths to ensure that the images capture only the light
emitted by the fluorescein.

The images are acquired immediately after the injection and over a total time of 6 to 15 minutes,
depending on the disease. They are recorded digitally or on 35 mm film. The complications described
after the injection are temporary nausea (3 to 15% of patients), vomiting (7%)? and pruritus. More severe
reactions are rare and include urticaria, fever, thrombophlebitis and syncope. Local tissue necrosis can
occur in the event of extravasation of the dye, but mild pain and redness are more common. Anaphylaxis,
cardiac arrest and bronchospasm can occur, but are extremely rare.

a) Normal fluorescein angiography

Afterinjecting the dyeinto an antecubital vein, fluorescein passes through the short posterior ciliary arteries
and appears in the optic nerve and choroid within the next 8 to 12 seconds. Retinal circulation appears
1 to 3 seconds later (11 to 18 seconds after the injection), as the choroid fills. The early arteriovenous
phase (filling of the retinal arteries, arterioles and capillaries) is followed by the late arteriovenous phase
or laminar venous phase, as the dye fills the veins in a laminar pattern.

Ina healthy macula, the foveal avascularzone (FAZ) appears dark, due to blockage of choroidal fluorescence
by xanthophyll pigment and RPE cells. After 10 minutes, the fluorescein is no longer present in the retinal
vessels, but the optic nerve head, Bruch’s membrane and sclera remain stained with fluorescein®.

b) Abnormal fluorescein angiography

Hypofluorescence is a reduction in normal fluorescence, and hyperfluorescence refers to increased or
abnormal fluorescence®.

Hypofluorescence can occur secondary to a blocking effect or due to a vascular filling defect. An
opacity located anteriorly to the fluorescence (corneal scar, cataract, vitreous haemorrhage or nerve
fibre haemorrhage) can block normal fluorescence, as can retinal haemorrhage, subretinal material or
an abnormal accumulation of lipofuscin (as seen in Best disease, adult-onset foveomacular vitelliform
dystrophy and drusenoid pigment epithelial detachment [PED]) (Figure 1).
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Fig. 1: Example of hypofluorescence in fluorescein angiography: drusenoid PED. Multiple areas of hyperfluorescence around the
macula in the early frame (A), increasing during the examination (B), with no late leakage(C). The central hypofluorescence is due to
a blocking effect caused by the overlying drusenoid PED, and the focal inferonasal hyperfluorescence is linked to a window effect
caused by retinal pigment epithelium atrophy.

Fig. 2: Example of leakage or diffusion: type 2 choroidal neovascularization secondary to exudative AMD. Fluorescein angiography
typically clearly shows the neovascular membrane very clearly from the early frame. Here, it is accompanied by cystoid spaces.
Note how the hyperfluorescent neovascular membrane contrasts with the surrounding hypofluorescent ring (A). The fluorescence
increases over the course of the angiogram (B) and, in the late frame, intense leakage can be seen as the dye passes into the
subretinal space (C).

Fig. 3: Example of pooling: serous PED. During the early phase, the PED appears hypofluorescent (A). Over the course of the
angiogram, the fluorescence gradually increases (B), with hyperfluorescence in the late phase, due to gradual pooling of the PED.
Note that the edges of the PED are well marked and the staining is uneven, due to blockage caused by the presence of the pattern
disposition of vitteliform material (C).
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Hyperfluorescence occurs as a result of leakage, impregnation (or staining), accumulation (or pooling),
or increased fluorescein transmission (window effect).

The phenomenon of fluorescein leakage is generally caused by immature blood vessels (type 2 choroidal
neovascularisation secondary to AMD, pre-retinal neovascularization in the context of proliferative
diabetic retinopathy) or in a retinal pigment epithelium tear. The areas of leakage are characterised by
fluorescence that increases in intensity and size over the course of the examination, with blurred edges
(Figure 2).

Staining is an increase in fluorescence over the course of the angiogram, with edges that remain sharp.

Normal structures such as the optic nerve head and the sclera show physiological fluorescein staining.

Pooling occurs when the fluorescein gradually fills a fluid-filled space (umbrella shaped, leakage pointin
central serous chorioretinopathy, serous PED (Figure 3).

Transmission or a window effect occurs when the RPE is damaged and choroidal fluorescence is
observed during the early frame of the examination. The intensity of the fluorescence does not change
during the angiogram and the edges remain sharp (Figure 4).

Fig. 4: Window effect: atrophic AMD (Geographic atrophy).

(A): Fundus autofluorescence showing inferomacular hypoautofluorescence corresponding to the atrophic area.

(B): Fluorescein angiography shows early hyperfluorescence.

(C): The hyperfluorescence increases slightly in the late frame, with no diffusion of the dye, as a result of a window effect linked to
the absence of the RPE/choriocapillaris complex (choroidal fluorescence can clearly be seen).

2. Indocyanine green angiography

Indocyanine green (ICG) is a water-soluble dye with a molecular weight of 775 daltons and near-infrared
fluorescence (790-805 nm). After intravenous injection, ICG is almost completely protein-bound (98%),
with limited diffusion through the small fenestrations of the choriocapillaris. This property makes ICG
angiography the ideal tool for imaging choroidal circulation®. Its fluorescence can be detected only with
infrared video angiography involving modified fundus cameras, a digital imaging system or a scanning
laser ophthalmoscope (SLO).

AMD: AN OVERVIEW OF CLINICAL FORMS e 43



AMD multimodal imaging

ICG angiography uses a diode laser illumination system (805 nm) and barrier filters at 500 nm and
810 nm. Modern tools have enabled high-speed ICG angiography, which can generate up to 30 images
per second with continuous recording of the angiogram. This system is very useful for visualising
structures that appear only briefly, such as feeder vessels of choroidal neovascularization (Figure 5).

Due to its longer wavelength, ICG angiography can sometimes offer a better visualization compared to
fluorescein angiography of the choroidal neovascularization associated with haemorrhage or hyperplasia
of the RPE. It is also useful for pigment epithelial detachments and occult choroidal neovascularization
(Figure ©).

In the differential diagnosis of neovascular AMD, early ICGA hyperfluorescence with a “hot spot” in the
late frames of the angiogram is highly suggestive of chorioretinal anastomosis (type 3 neovascularization)
(Figure 7)8. In contrast, early hyperfluorescence with a late “wash-out” of the neovascular lesion suggests
the presence of polypoidal choroidal vasculopathy (Figure 8)°.

Fig. 5: Indocyanine green angiography of a female patient with exudative AMD.
The early frame of ICGA reveals the presence of a feeder vessel of the neovascular membrane (red arrow).

Fig. 6: Indocyanine green angiography of a male patient with type 1 choroidal neovascularization secondary to exudative AMD.
In the early frame, ICGA shows a hyperfluorescent neovascular membrane (A), which persists into the intermediate frame (B) and
increases in fluorescence in the late frame, generating a typical “late plaque” appearance (C).
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Fig. 7: Indocyanine green angiography of a female patient with type 3 neovascularization (retinal angiomatous proliferation,
chorioretinal anastomosis). The early ICGA reveals a focal hyperfluorescence (A), its fluorescence increasing in the intermediate
frame (B) and with a visible ‘hot spot’ in the late frame (C).

Fig. 8: Indocyanine green angiography of a male patient with polypoidal choroidal vasculopathy.
The ICGA shows early pooling of the polypoidal lesions (red circle) and the abnormal branching vascular network (yellow arrow) (A),
persisting into the intermediate frame (B), with a wash-out in the late frames (C).
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Age-related maculopathy

1. Definition

“Age-related maculopathy” (ARM), also known as early and intermediate AMD, covers all age-
related changes to the fundus preceding neovascular or atrophic AMD (i.e. late AMD). These changes
generally occur from fifty years of age.

ARM manifests as changes to the retinal pigment epithelium (RPE): RPE depigmentation or
hyperpigmentation (pigment clumps or migration). Drusen, including hard drusen, isolated or confluent
soft drusen, reticular pseudodrusen, cuticular drusen, refractile drusen and ghost drusen are hallmarks
of ARM. The presence of these lesions in the general population varies considerably by age! (25% after
52 years to 87% after 80 years).

While these lesions do not always progress to late AMD, their presence is a risk factor that merits careful
analysis and precise monitoring. A score has been developed to predict exudative AMD based on an
analysis of the fundus. Each eye is scored between O and 2 based on the presence or absence of drusen
measuring over 125 microns or RPE changes, giving the patient a total score of between 0 and 4. Five-
year and ten-year neovascular risk was assessed in this way in the AREDS study? (Tables 1 and 2).

Today, ARM is split into two entities: early AMD and intermediate AMD. Early AMD is characterised by
the presence of numerous small drusen (< 63 microns, known as “hard” drusen) or intermediate drusen
(= 63 microns but < 125 microns, known as “soft” drusen). Intermediate AMD is defined by the presence of
extensive small or medium-sized drusen, or by large drusen (= 125 microns). Small drusen are commonly
seen in people aged 50 years and over, and can be an epiphenomenon of ageing. Intermediate drusen
are therefore more specific and more likely to be a marker of age-related macular degeneration than of
normal ageing.

C  vomntmgmton | No=0 | Yes=i |

Pigment migration No=0 Yes =1

Table 1: Scoring system described in AREDS Report No. 18. A score is given to each eye based on the presence or absence of
pigment migration and drusen of over 125 microns in diameter. If one eye is more severely affected, its score is automatically
2 points, and the other is assessed based on the scale above. For intermediate drusen (63 um to 125 um), the score is 0.5, giving
a score of 1 if both eyes are affected.

0 0% 0.5%
1 3% 8%

2 12% 22%
3 25% 49%
4 50% 66%

Table 2: Five-year and ten-year risk of AMD based on AREDS score. Scale to assess the risk of progression to late AMD (neovascular
or atrophic in one or both eyes) for patients included in AREDS.
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2. ARM classification

1) Retinal pigment epithelium changes

RPE changes are considered to be characteristic of early AMD and are defined as hyperpigmentation
and/or hypopigmentation in the macular area, two disc diameters from the fovea, with or without drusen
and with no other known retinal disease. Numerous studies’® show that there is a high risk of these
RPE changes progressing towards late AMD, therefore these RPE changes require a precise, regular
monitoring in order to identifiy complications as early as possible (Figure 1).
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Fig. 1: Retinal pigment epithelium changes.

Colour photograph (A): pigment migration visible in the form of a pigmented lesion (RPE clumps) in the central area, associated
with soft drusen. SD-OCT with corresponding infrared image, vertical B-scan (B, C), showing a focal hyperreflective visibility of the
RPE, associated with a posterior shadowing corresponding to the hyperpigmentation area (red arrow). The B-scan also reveals
dome-shaped elevations of the RPE corresponding to soft drusen.
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2) Hard drusen

Hard drusen are found in 25 to 50% of people aged over 50. On fundus examination, these hard drusen
are round, small (diameter < 63 pm) and yellowish, with distinct edges. There are often numerous and
they are usually found in the temporal foveal area.

In fluorescein angiography they appear hyperfluorescent from the early frames of the angiogram,
due to a window effect. In SD-OCT, they create very small elevations in the RPE (Figure 2). They can
merge together and develop into larger drusen, and may be associated with soft drusen or reticular
pseudodrusen. Complications within time are relatively rare and happen at a late stage® when the hard
drusen are isolated; they are generally stable.

Fig. 2: Hard drusen.

Colour photograph (A) showing round, regular, small (< 63 um), yellowish hard drusen (white arrow). Fluorescein angiography (B):
the hard drusen appear hyperfluorescent from the beginning of the sequence and are easier to see than on the colour photograph
(white arrow). SD-OCT (C): slight RPE elevations indicating hard drusen (white circle).
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3) Soft drusen

Soft drusen are larger (diameter > 63 um), with blurred edges and an irregular shape, and are paler than
hard drusen. They are often associated with pigment migration.

In fluorescein angiography, they are hypofluorescent during the early phase, filling throughout the
examination and becoming hyperfluorescent in the late frames. They remain hypofluorescent in all
phases of ICG angiography. OCT reveals multiple dome-shaped elevations in the RPE. Soft drusen are
moderately reflective and have a bumpy aspect. The external limiting membrane and the ellipsoid line
often remain visible (Figure 3A).

Confluent sof drusen result in drusenoid pigment epithelial detachments (PED), with a hyperreflective
content. Over several years, drusenoid PEDs can develop into extensive areas of atrophy, as the PED
gradually subsides (Figure 3B).

Soft drusen eventually progress to late AMD in around 30% of cases®. In rare cases, soft drusen can
regress or even calcify, resulting in ghost drusen associated with underlying atrophy.

Fig. 3: Soft drusen.

Colour photograph (A) showing numerous lesions with blurred edges, paler than the hard drusen, measuring over 125 ym and
located in the macular area, corresponding to soft drusen (white circle). Fluorescein angiography (B), intermediate frame, showing
progressive and delayed staining of the soft drusen (white circle), with no leakage. Late frame of ICGA (C): the soft drusen remain
hypofluorescent (white circle). SD-OCT scan through the soft drusen (D): multiple dome-shaped RPE elevations (white arrow)
with homogeneous hyperreflective content. The external limiting membrane and ellipsoid line remain visible in this case, with no
associated exudation.
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4) Reticular pseudodrusen

Reticular pseudodrusen, or blue drusen, were first described by the Ophthalmology Créteil team?°. These
drusen are yellowish in colour and generally found on the superior temporal arcades. However, they may
also appear in the macula and retinal periphery and are “cerebroid” in appearance (Figure 4).

They are referred to as “blue” drusen because they are easily visible on fundus photographs with blue
illumination. In SD-OCT, they are hyperreflective. They can affect the ellipsoid zone and are associated
with thinning of the choroid in EDI-OCT.

These deposits are found above the RPE, unlike soft drusen, which are located below it. In fluorescein
angiography, they are either slightly visible or hypofluorescent. In the late phase of ICG angiography, they
appear as a hypofluorescent network.

Four different stages have been described in SD-OCT!!. During the early stages (stages 1 and 2), the
hyperreflective material located above the RPE thickens over time, and during the advanced stages
(stages 3 and 4), the material breaks up, resulting in discontinuity or total absence of the ellipsoid line.
Several studies have found that reticular pseudodrusen were associated to a high risk of progression to
atrophic or exudative AMD!213, and in particular to type 3 neovascularization.

Fig. 4: Drusenoid pigment epithelial detachment and progression.

Colour photograph (A): Lesion measuring approximately one disc diameter causing a drusenoid PED (red arrow) due to confluent
drusen, with pigment migration (white arrow). Intermediate frame of fluorescein angiography (B) showing a blocking effect caused
by the pigment migration (white arrow), contrasting with the progressive hyperfluorescence of the drusenoid PED (red arrow).
Infrared image and corresponding SD-OCT scan (C, D) showing considerable RPE elevation, resulting in a drusenoid PED (red
arrow) with pigment migration (white arrow). Two years later (E), the drusenoid PED has subsided and atrophy is starting to
develop (blue arrow), marked by the posterior hyperreflectivity.
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Fig. 5A: Reticular pseudodrusen.

The colour photograph (A) shows yellowish cerebroid pseudodrusen located on the superior temporal arcades (white star).
The pseudodrusen are easier to see in the blue-light photograph (B) (white star). In ICGA (C), reticular pseudodrusen appear
hypofluorescent during the late frame (white star). SD-OCT (D): the pseudodrusen are hyperreflective (white star), dense, irregular,
fusiform in appearance and located above the RPE, meaning they could impact on the ellipsoid zone and the photoreceptors. Blue
drusen are associated with thinning of the choroid in EDI-OCT.

Fig. 5B: Soft drusen and reticular pseudodrusen.

The colour photograph (A) shows yellowish cerebroid reticular pseudodrusen, predominantly in the temporal region (blue arrow)
of the macula, associated with larger, round, yellowish deposits corresponding to soft drusen (red arrow). The pseudodrusen are
easier to see in the blue-light photo (B) (blue arrow). In the intermediate frame of fluorescein angiography (C), the soft drusen are
hyperfluorescent while the reticular pseudodrusen drusen are hypofluorescent (red arrow). In SD-OCT (D), the pseudodrusen are
dense, hyperreflective, irregular and fusiform in appearance, and located above the RPE (blue arrow), in contrast to the soft drusen
that appear as dome-shaped RPE elevations with homogeneous hyperreflective content below the RPE (red arrow).

AMD: AN OVERVIEW OF CLINICAL FORMS e 53




Age-related maculopathy

5) Cuticular drusen

Cuticular drusen were first described in 1977 by D. Gass (Figure 6). These drusen are round, numerous,
small (25-75 microns) deposits concentrated primarily in the posterior pole, occasionally appearing in
the retinal periphery. They appear in younger patients than those who have AMD, with an average age
of 57 years. They carry a risk of developing into late AMD after the age of 70.

In angiography images, they have a characteristic “stars in the sky” appearance. Cuticular drusen are
located between the RPE and Bruch’'s membrane. In OCT images, they have a very typical sawtooth
appearance, with a slight or mound-shaped elevation. The choroid displays typical “bar code” reflectivity4,
with alternating areas of hyper- and hyporeflectivity corresponding to the drusen.

They may be associated to vitelliform material, deposits or choroidal neovascularization (usually type 1),
as well as atrophy.

While their ultrastructural characteristics are similar to those of hard drusen, they are closer to soft drusen
in terms of their life cycle and macular complications.

Fig. 6: Cuticular drusen.

Colour photograph (A): Numerous round, yellowish deposits (25-75 microns) concentrated in the macula, corresponding to cuticular
drusen (blue arrow). Fluorescein angiography (B) shows the characteristic “stars in the sky” appearance, with a greater number of
lesions than in the colour photograph (blue arrow). SD-OCT (C): saw-tooth pattern with slight or mound-shaped elevation (blue
arrow) resulting in a “bar code” appearance (red parenthesis), with alternating areas of hyper- and hyporeflectivity corresponding
to the drusen.
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6) “Calcified”, “regressing” or “refractile” drusen

Calcified drusen were first described by Gass in 1973 and were initially called “refractile” due to their
appearance in the fundus. More recently, the term “calcified drusen” has been replaced by “regressing
drusen”®

Drusen are deposits of extracellular material rich in lipids (cholesterol) found between the basal
membrane of the RPE and the internal layer of Bruch’s membrane. Several phagocytic processes have
been observed, resulting in regression of the drusen in terms of size. Regressing drusen are deposits of
calcified lipid material (cholesterol) that has not been ingested by macrophages, characterized by the
presence of an intensely hyperreflective band in the choroid in SD-OCT images (Figure 7).

Fig. 7: Regressing calcified drusen.

Multicolor® photograph showing a calcified drusen (white arrow) with a refringent appearance, with the OCT B-scan through the
lesion. The SD-OCT shows a band of intense hyperreflectivity corresponding to lipid material (cholesterol) that has not undergone
phagocytosis (white arrow).
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7) Ghost drusen

Ghost drusen'® were first described by the Ophthalmology Créteil team and appear in OCT images as
dense, hyperreflective pyramidal structures located above the RPE. They are associated with atrophic AMD
(geographic atrophy). They are hard to visualize in fluorescein angiography and appear isofluorescent or
hyperfluorescent on a background of atrophy (Figure 8). In a recent study!” analysing the origins of ghost
drusen, the authors found that soft drusen were initially present in a small number of cases.

Fig. 8: Ghost drusen.

Multicolor® photograph (A): ghost drusen located primarily around the areas of atrophy (white arrow). Infrared photograph (B):
hyporeflective lesion surrounded by a hyperreflective area with several small hyperreflective dots indicating the location of the ghost
drusen (white arrow). Fundus autofluorescence image (C): the ghost drusen (white arrow) appear relatively hyperautofluorescent
compared to the superior adjacent atrophy. SD-OCT (D): hyperreflective pyramid structure characterised by a hyporeflective centre
(white arrow).

56 « AMD: AN OVERVIEW OF CLINICAL FORMS



3. Age-related maculopathy and
OCT-angiography

OCT-angiography (OCTA) is a non-invasive imaging technique that enables selective visualisation
of the retinal and choroidal circulation. In most cases, soft drusen cause signal attenuation in the
choriocapillaris and segmentation errors can occur, depending on the morphology of the drusen?®
(Figure 9). In terms of reticular pseudodrusen, Alten et al.'° recently described a significant reduction
in vascular density and the decorrelation signal index in the choriocapillaris, suggestive of functional
impairment of the choriocapillaris, with statistically larger areas of non-perfusion than in the absence
of pseudodrusen?®,

OCTA offers a new way of assessing ARM signs and symptoms, which can sometimes enable earlier
detection of patients who are at risk of developing a late form of the disease. “Vascularised” drusen
were described by Querques et al.?!, who hypothesized that they are a form of type 1 neovascularization
mimiking soft drusen (Figure 9). A recent study by the Tufts team found this type of drusen in 9.4% of eyes
with intermediate AMD?2, which raises questions about the frequency of monitoring for these patients,
as well as their treatment. Although drusen and artefacts can have a blocking effect/signal attenuation
on the choriocapillaris, OCTA can provide useful information on non-perfusion in the choriocapillaris and
possible neovascularization of these lesions.

Fig. 9: Multimodal imaging of a male patient with soft drusen and a vascularised drusen.

ICG angiography, early frame (A) and late frame (B). A hyperfluorescent lesion can be seen in the early frame (green arrowhead),
corresponding to a plaque in the late frame of the examination. Multiple soft drusen can be seen in the form of early and late
hypofluorescence (white arrow). SD-OCT (C) shows drusenoid RPE elevations corresponding to the two observed lesions. OCTA
(D) reveals a discrete high flow lesion in the outer retina slab (green arrowhead). In the choriocapillaris slab with projection artefacts
(E) and without projection artefacts (F), the high flow lesion is visible and corresponds to a vascularised drusen. However, the
choriocapillaris signal is attenuated by the presence of soft drusen (white arrow).
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Conclusion

Screening for ARM is an essential part of any eye examination in patients aged 55
years and over, based on dilated fundus examination or color fundus photography.

There are several types of drusen that carry a risk of progression to late AMD. The
risk of neovascular complication is very low with hard drusen. However, soft drusen
are more likely to develop into choroidal neovascularization.

OCT is an essential examination for confirming a diagnosis of ARM and ruling out
neovascular activity. If progression to exudative AMD is suspected, angiography
becomes less useful, as OCTA can be carried out to provide valuable information on
the whether neovascularization is present.
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Part 1: Type 1 choroidal neovascularization

1. Definition

Type 1 or sub-RPE neovascularization is by far the most prevalent subtype in exudative AMD, ranging
from 60% to 85% at diagnosis depending on the series. It is defined as neovascular growth below the
retinal pigment epithelium (RPE). First described in 1987 and classified by Gass in 1994, it differs from
type 2 neovascularization, which occurs above the RPE (“visible” neovascularization), and from type 3
neovascularization, which occurs in the retina itself (from the deep retinal capillary plexus), meaning the
natural history and origin of type 3 is highly debated as to its occurence through chorioretinal anastomosis,
retinochoroidal anastomosis or intraretinal proliferation.

Some authors add to type 1 neovascularization the polypoidal choroidal vasculopathy (PCV) class, under
the term “aneurysmal type 1 CNV” (Freund et al). Since type 1 neovascularization was first defined
based on its appearance in angiography images, the term “occult neovascularization” is sometimes used
instead, in contrast to “visible” or “classic” neovascularization located above the RPE (type 2).

Type 1 neovascularization, given its aspect in fluorescein angiography, is also frequently referred to in the
literature as “ill-defined”.

2. Epidemiology

According to a study conducted on a US population by Jung et al., involving 374 patients (two thirds of
whom 2/3 were female, 95% Caucasian), type 1 neovascularization accounts for 50% of all clinical forms
of exudative AMD, compared to 12% for type 2 (visible) neovascularization and 28% type 3 intraretinal
neovascularization. The remaining 10% comprises mixed forms that combine several subtypes. This was
the first time an epidemiological study found such a low frequency of type 1 CNV and such a high
proportion of type 3.

3. Clinical presentation

Type 1 neovascularization should be the first diagnosis considered when an older patient presents with
an acute or subacute macular syndrome. The signs and symptoms may include:

- Reduced visual acuity, primarily relating to near vision
- Metamorphopsia

- Scotoma/microscotoma

- Micropsia

- Dyschromatopsia

- Reduced contrast sensitivity.
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These signs may be present to varying degrees and some may be absent. The patient may have very few
symptoms or be asymptomatic. Compared to type 2 (visible) neovascularization, the functional impact is
more insidious, developing gradually, and the patient may be unable to pinpoint when it started.

Itis possible to observe signs of neovascularization in the fundus, including retinal oedema, serous retinal
detachment, macular haemorrhage and exudates. These are more common than with type 2 (visible)
neovascularization. However, these signs are often inconspicuous, and nonspecific. Cystoid macular
oedema or white retinal oedema is unusual in the early stages, but may be found if the diagnosis is made
later on.

Precursors to all forms of AMD, such as drusen and/or reticular pseudodrusen, will of course need to be
monitored for, along with retinal pigment epithelium defects (migrations or changes).

4. Symptomatology: different type 1
CNV phenotypes

With high-resolution diagnostic tools at our disposal, we can characterise several phenotypes of sub-
RPE choroidal neovascularization based on imaging.

It should be noted that in France, we tend to separate “vascularised pigment epithelial detachment”
(v-PED) from other forms of neovascularization. This is not generally the case in English-language
publications, since “vascularised PED” simply refers to a vascularised elevation of the RPE. However,
vascularised PED and type 1 CNV can have a different prognosis and therapeutic response: v-PED
responds somewhat unpredictably to anti-VEGF treatment, particularly in terms of the risk of RPE tears.

Under biomicroscopy, vascularised PED appears in relief as a yellow-orange lesion. This lesion is typically
hyperfluorescent in fluorescein angiography, while OCT displays heterogeneous reflectivity below the

RPE, which can be associated with hyporeflective subretinal fluid.

These images enable us to identify multiple subtypes of type 1 CNV, which will be described in the next
few chapters (Figure 1).
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Fig. 1: Type 1 choroidal neovascularisation presentation and subtypes

5. Physiopathology

This form of neovascularization is choroidal in origin. The currently accepted theory is that vascular
proliferation (angiogenesis) causes the Bruch’'s membrane to break in a patient who has drusen and is
genetically predisposed.

Therole of intraretinal inflammation (potentially visible inimages as hyperreflective dots) and macrophages

is increasingly being demonstrated, particularly by Sennlaub et al. The strong genetic association with
mutations in certain complement factors reinforces this hypothesis.
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6. Imaging

First described using angiography and histology, and later by OCT B-scans and, most recently, by OCTA,
the various clinical forms and types of neovascularization now play a crucial role in characterizing patients
suffering from exudative AMD (“neovascular phenotype”).

The main imaging characteristics of type 1 choroidal neovascularization are summarised below. Since
it is important to know where the CNV is located in order to interpret imaging examinations, note that
the biological substrate in the images is the location of the neovascularization: the new vessels emerge
from the choroid and extend under the RPE, detaching the RPE and the overlying neurosensory
retina (PED, SRD) (Figure 2).

Fig. 2: Multimodal imaging of type 1 choroidal neovascularisation.

A: Heterogeneous granular hyper- and hyporeflectivities in an infrared photograph.

B: OCT-SD showing subretinal and intraretinal fluid, associated with double-bump PED and intraretinal hyperreflective dots. An
area of subsidence can be seen in the external limiting membrane, indicative of focal atrophy of the photoreceptors.

C: Intermediate-phase fluorescein angiography: heterogeneous perifoveal hyperfluorescence (“pinpoints”) associated with linear
hypofluorescence caused by pigment migration and a subsequent blocking effect.

D: Late-phase indocyanine green angiography: discrete hyperfluorescence in the macular zone (plague).

E: OCT-angiography showing the neovascular network and its ramifications.

F: Vascular flow within the PED next to the intraretinal space.
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1) Fluorescein and indocyanine green angiography

In fluorescein angiography, type 1 neovascularization is ill-defined, inhomogeneous with early staining
of the lesion, resulting in hyperfluorescent pinpoints. In the late frames of FA, the lesion increases in
size and fluorescence, with blurred edges caused by leakage of the dye. This is known as late frame
angiographic leakage.

This clinical form most commonly appears as a hyperfluorescentlate plaquein late frame of ICG angiography.

2) SD-OCT

Depending on which stage of neovascularisation the patient is experiencing, OCT-SD shows RPE
elevation or detachment in 98% of cases. This elevation is initially moderate, separated from Bruch’'s
membrane by a hyporeflective space.

However, the PED can become very significant. Occult neovascularisation should be suspected if the
RPE appears irregular, scalloped, fragmented or thickened.

This type of neovascularisation is often associated with signs of exudative activity, including:
e Subretinal fluid (or serous retinal detachment, SRD)

e Hyperreflective intraretinal dots (according to certain authors)

o Pre-epithelial hyperreflectivity

e Cystoid spaces in the neurosensory retina

e Diffuse or localised increase in retinal thickness.

3) OCT-angiography

OCTA now plays a major role in characterising type 1 CNV. Numerous studies evidence its sensitivity and
call into question the pre-eminence of systematic angiography. The COFT-1 study found a sensitivity level
of 85.7% for OCTA combined with structural B-mode OCT compared to the gold standard (angiography).
OCTA alone was insufficiently sensitive (66.7%). The leading cause of false negatives is the neovascular
signal being blocked by a PED, which can disrupt the automatic segmentation (Figure 3). OCTA therefore
has a place within multimodal imaging, but is insufficient on its own to form a reliable diagnosis.
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Fig. 3: A, B, C: Attempt to visualise a neovascular network within a very high v-PED using manual segmentation. The
neovascularisation remains invisible.

D: Signs of exudative activity evident in structural OCT (intraretinal spaces, exudates, retinal thickening) with no neovascularisation
visible in OCTA.

E: Part of the neovascular network is unblocked and the image becomes clearer following manual correction of the segmentation
(left: automatic, right: manual).

/. Treatment

Patients with neovascular AMD and type 1 neovascularisation are today treated with intravitreal
injections of angiogenesis inhibitors, preferably using the “Initiation — Observation — Individualisation”
strategy recommended in the Fédération France Macula guidelines.

Comparative studies are still being conducted into the different treatment protocols (“pro re nata” or
“PRN", “treat and extend”, “observe and plan”) and drugs used (anti-VEGF therapy). There is consensus
around the use of three anti-VEGF injections at one-month intervals to initiate treatment for type 1 CNV,
as per the French Society of Ophthalmology guidelines.
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The prognosis for type 1 neovascularisation appears to be good, with a positive response to anti-VEGF
therapy in general and less atrophy at follow-up compared to type 3 neovascularisation. Only a minority
of patients (around 5%) require very few IVIs to maintain a “dry” retina (no exudative relapse). A larger
proportion, with more severe forms, require monthly injections, sometimes for several years (around 10%
of cases). Between these two extremes, the majority of patients with type 1 CNV require between six
and eight IVIs on average, administered to an individualised schedule.

Dietary supplements rich in antioxidants, lutein, zeaxanthin and omega-3 have proven effective in terms
of prevention (see dedicated chapter), particularly with regard to the contralateral eye.

8. Future developments

The treatment of type 1 CNV will certainly develop in the future, with:
e Ever more precise characterisation of each patient’'s neovascular phenotype

e Quantitative imaging analysis (in particular of the isolated neovascular network) to determine
therapeutic response anatomically within the neovessels and not solely based on the retina

e The establishment of phenotype/genotype correlations

e Therapies adapted to the genetic profile and vascular phenotype of each patient.
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Part 2: Quiescent

1. Diagnosis

In 2013, Giuseppe Querques and the Ophthalmology Créteil team? described the functional and imaging
characteristics and natural progression of quiescent type 1 choroidal neovascularisation (CNV) in the
context of intermediate age-related macular degeneration (AMD) (Figure 1).

The imaging characteristics are as follows:

1. In fluorescein angiography (FA), quiescent CNV appears as hyperfluorescent lesions with distinct
edges and no late-phase leakage

2. In indocyanine green angiography (ICG), quiescent CNV is characterised by a hyperfluorescent
network in the early and intermediate phases, and a hypercyanescent plague in the late phases (like
the type 1 CNV described by D. Gass)?

3. In optical coherence tomography (OCT), quiescent CNV appears as a slight pigment epithelial
detachment (PED) with a horizontal main axis, with no signs of subretinal or intraretinal exudation.
This PED displays moderate reflectivity, allowing Bruch’'s membrane to be seen.

Fig. 1: Multimodal imaging of quiescent type 1 choroidal neovascularisation and progression over time.

In fluorescein angiography (A, F), the quiescent CNV appears as hyperfluorescent lesions with distinct edges and no late-phase
leakage (A, B, C). In indocyanine green angiography (ICG), the quiescent CNV is characterised by a hyperfluorescent network in the
early and intermediate phases (D, E, F), and a hyperfluorescent plaque in the late phases (G, H, I). In optical coherence tomography
(OCT), the quiescent CNV appears as a slight pigment epithelial detachment (PED) with a horizontal main axis, with no signs of
subretinal or intraretinal exudation. This PED displays moderate reflectivity, allowing Bruch's membrane to be seen (J, K, L) (HRA,
Heidelberg Engineering).
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Quiescent neovascularisation therefore has the following main functional characteristics:
1. No patient symptomatology

2. No changes revealed by microperimetry.

It has the following secondary characteristics:

1. No exudative signs for at least six months. However, certain authors? refer to quiescent CNV from the
first observation, without waiting for this time to elapse

2. No history of eye treatments (anti-VEGF intravitreal injections, PDT, Argon laser).

Three years later, Palejwala et al.* published the first OCTA image of quiescent CNV. This non-invasive
examination quickly became the gold standard for diagnosing and monitoring quiescent CNV. In 2016,
Carnevali® calculated the sensitivity and specificity of OCTA (non-invasive examination) versus standard
imaging techniques (FA, ICG, OCT) (invasive examination) used during the initial diagnosis, finding a
detection rate of 81.8% and 100%, respectively. Quiescent CNV typically appears in OCTA as regular
lesions with well defined edges and no peripheral arcades. A feeder vessel is a common finding (Figure 2).

Quiescent CNV is not exclusive to “intermediate” AMD; it has also been described with the late atrophic
form® (Figures 3 and 4) and with pachychoroid diseases’. More recently, a case was reported with angioid
streaks®. In these cases, the main and secondary characteristics are similar to those defined for AMD, but
with certain peculiarities. In particular, with atrophic AMD, OCTA is less sensitive than with intermediate
AMD (68% versus 81%), but has the same specificity (100%).

In the only longitudinal study® conducted on patients with quiescent CNV and atrophic AMD, the patients
retained their visual acuity longer than patients without foveal involvement. The hypothesis here is that
quiescent CNV could be a protective factor against atrophic progression, due to the blood flow feeding
the choriocapillaris and photoreceptors.

In patients with a pachychoroid and quiescent CNV, the most common characteristic in OCTA is a

hypersignal with distinct edges and a fairly irregular shape within a PED. In late-phase ICG angiography,
hypofluorescence due to wash-out of the lesion has also been described’.
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Fig. 2: Intermediate-phase indocyanine green angiography (ICG) and optical coherence tomography angiography (OCTA) of
quiescent type 1 choroidal neovascularisation (CNV) (multimodal imaging of the patient in Figure 1).

In ICG angiography, the quiescent type 1 CNV is characterised by a hyperfluorescent network in the early and intermediate
phases (A: HRA, Heidelberg Engineering). In OCTA, the same lesion is characterised by a regular shape with well defined edges
and a feeder vessel, with no peripheral arcades (B: PLEXelite, Carl Zeiss) (C: rtvue, Optovue).

2. Monitoring

Bimonthly monitoring from the first visit onwards and for at least six months is strongly recommended.
If exudative signs appear during this monitoring period, “early detection of CNV" is the preferred term.
From the sixth month onwards, the diagnostic criteria for quiescent CNV have been fulfilled. Quiescent
CNV typically remains stable (with no exudation over the long term), while the size of the neovascular
membrane increases. Quarterly monitoring is nevertheless indicated. The complication rate varies from
6.6% for exudation associated with intermediate AMD to 26% with atrophic AMD. If exudation occurs
after the sixth month, the preferred term is “conversion of quiescent CNV to active (or exudative)”.

However, this nomenclature is not accepted by certain authors3.
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Fig. 3: Multimodal imaging of quiescent type 1 choroidal neovascularisation (CNV) associated with atrophic age-related macular
degeneration.

In autofluorescence, the quiescent type 1 CNV is not visible (A). In fluorescein angiography (FA), the quiescent CNV appears as
hyperfluorescent lesions with distinct edges and no late-phase leakage. Hyperfluorescence caused by atrophy of the retinal pigment
epithelium can also be seen (B). In indocyanine green angiography (ICG), the quiescent CNV is characterised by a hypercyanescent
plague in the late phases (C). In optical coherence tomography (OCT), the quiescent CNV appears as a slight pigment epithelial
detachment (PED) with a horizontal main axis, with no signs of subretinal or intraretinal exudation. This PED displays moderate
reflectivity, allowing Bruch’'s membrane to be seen. Around the membrane, the retina has thinned and light transmission has
increased due to atrophy of the retinal pigment epithelium (HRA, Heidelberg Engineering).

74 « AMD: AN OVERVIEW OF CLINICAL FORMS



Part 2: Quiescent

Fig. 4: Optical coherence tomography angiography (OCTA) of quiescenttype 1 choroidal neovascularisation (CNV) associated with
atrophic age-related macular degeneration (AMD) (multimodal imaging of the patient in Figure 3).

In OCTA, the quiescent type 1 CNV associated with AMD is characterised by a fairly irregular shape with well defined edges and

no feeder vessel or peripheral arcades. Its flow appears “filiform”. This lesion will grow over time without changing in appearance
(C: Rtvue, Optovue).
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3. Treatment

The gold standard treatment for “activated” quiescent CNV is a series of anti-VEGF intravitreal injections,
which has been shown to be effective in reducing intraretinal and subretinal signs of exudation®”.

Conclusion

Quiescent CNV is a new entity described in conjunction with intermediate and
late AMD, as well as with pachychoroid diseases and angioid streaks. It refers to
treatment-naive CNV (visible in ICG angiography and OCTA) that shows no signs
of exudation in OCT or leakage in FA.

Regular monitoring is recommended.

Conversion to exudation is uncommon but possible. In these cases, a series of anti-
VEGEF injections is indicated®?,
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Part 3: Retinal pigment epithelial tears

1. Clinical description and
physiopathology

In 1981, Hoskin et al.! were the first to describe retinal pigment epithelium (RPE) tears caused by irregular
separation of the RPE from its basement membrane. Three years later, Gass? used fluorescein angiography
to propose a series of physiopathological stages to explain why RPE tears occur in AMD, starting with a
vascularised retinal pigment epithelial detachment (PED) accompanied by signs of exudation (stage one).
This serous detachment is generally slightly wider and more elevated than the area of PED (stage 2). As
the pressure of the escaping serous fluid detaches the RPE from the opposite side, a point is reached
where the pigment epithelial cells cannot withstand this pressure, and a tear occurs at the junction of
Bruch’s membrane and the attached and detached RPE (stage 3). The serous fluid moves under the RPE
into the subretinal space as the free edge of the tear retracts like an accordion and the RPE rolls under
into an organised mound (stage 4) (Figure 1).

Gass also describes the typical ophthalmoscopy results, in which an RPE tear appears as a single, clearly
defined area of absent RPE associated with a pigmented mound corresponding to the retracted RPE. The
tear can progress and become larger, with significant loss of vision.

In 1990, Coscas et al.? identified the clinical characteristics that precede the appearance of a tear. Before
a tear appears, the PED was found to increase in size and change shape. The authors also described
the angiographic characteristics: a hyperfluorescent area appearing on the edges of the PED in the early
phase, spreading gradually over time (Figure 1). They concluded that laser treatment should be considered
carefully in the presence of these characteristics, given the high risk of a tear as a result of thermal
contraction of the neovascular lesion. In addition to laser photocoagulation, several treatments have been
reported as possible causes of RPE tears secondary to AMD, including photodynamic therapy*® and the
injection of various anti-VEGF drugs®’. Anti-VEGF injections can cause contraction and fibrosis of the
neovascular lesion, associated with fibrovascular PED, which correlates directly with breaks in the RPE?,

Recently, Nagiel et al® used spectral-domain optical coherence tomography (SD-OCT) to identify
contractile neovascular tissue on the undersurface of the PED as a causal mechanism of RPE tears
following anti-VEGF injections for AMD.

In 2016, Mouallem et all® described a case series with double tears of the RPE. These double tears
on either side of the neovascularised PED can occur simultaneously or sequentially. The advanced
physiopathology is the development of choroidal neovascularisation in the centre of the PED, exerting
tangential pressure on both sides, which leads to the tear®!4,
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Fig. 1: Multimodal imaging (autofluorescence photograph, fluorescein angiography and SD-OCT) of an 83-year-old treatment-
naive female patient who presented with an RPE tear in her right eye at the initiation of anti-VEGF treatment for exudative AMD.

(A): Autofluorescence photo of the posterior pole prior to the RPE tear.

(B): Fluorescein angiography image (intermediate phase, 3 minutes) showing hyperfluorescence along the edge of the PED
corresponding to a fragile area of the RPE.

(C): Autofluorescence photograph of the posterior pole revealing a large, grade-4, hypoautofluorescent tear in the geographic edge
of the RPE. The RPE appears hyperautofluorescent where it has rolled up at the edge of the tear.

(D): Pre-tear SD-OCT image revealing bridge-shaped choroidal neovascularisation under the entire RPE, which appears wrinkled
due to the horizontal pressure exerted by the neovascularisation.

(E): Post-tear SD-OCT image showing an increase in the size of the PED, with accordion-like retraction of the RPE at the edge of
the detachment.
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2. Classification of RPE tears

In 2010, David Sarraf et al.!* proposed a new four-level grading system for RPE tears:

e Grade 1: RPE tear of less than 200 pm

o Grade 2: Tear of between 200 pm and 1 disc diameter
e Grade 3: Tear greater than 1 disc diameter

e Grade 4: Grade 3 involving the fovea.

3. Treatment and visual prognosis

Gutfleish et al'? studied a series of 37 single RPE tears and found that visual acuity deteriorated
considerably after the RPE tear, as well as during the follow-up period, with 53.2% of eyes classed as
legally blind at 12 months. More recently, Durkin et al.'* examined 14 single tears and found significant
loss of one or more lines of vision compared to baseline, irrespective of the size of the tear. It should be
noted that after an RPE tear appeared, an improvement in visual acuity was found in 5 patients (35.7%)
who had received anti-VEGF therapy, and that all the patients retained their best corrected visual acuity
after the tear thanks to anti-VEGF treatment. According to the grading system developed by Sarraf et
al.*!, the prognosis for RPE tears is linked to the biggest linear diameter of the tear and to the presence
or absence of foveal involvement.

Conclusion

Retinal pigment epithelium tears are complications of neovascularised PED.
The prognosis for these tears is directly linked to their severity grade, and their
appearance has no impact on the usual retreatment criteria for exudative AMD.
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Part 4: Wrinkled pigment epithelial detachments

Vascularised pigment epithelial detachment (PED) associated with AMD is still considered to be a
factor in poor visual prognosis, with a gradual or sometimes sudden reduction in visual acuity linked
to macular haemorrhage or a retinal pigment epithelium tear.

However, we have observed a unique form of vascularised PED, characterised by small, jagged
folds of the retinal pigment epithelium (RPE) in spectral-domain OCT that we refer to as “wrinkled
PED”, which could be a characteristic of good visual prognosis, with fewer anti-VEGF intravitreal
injections and a long relapse-free period.

1. Definition

Wrinkled pigment epithelial detachment is defined as a neovascularised pigment epithelial detachment
(nPED) with a heightin SD-OCT of over 200 um and generally less than 500 pm, with at least four small,
jagged folds of the retinal pigment epithelium (Figure 1).

Its appearance differs from that of unwrinkled neovascularised pigment epithelial detachment, where the
RPE is raised or bulging but stretched out and smooth.

Fig. 1: Wrinkled and unwrinkled pigment epithelial detachment in OCT.

A: Wrinkled neovascularised PED is defined as a PED with a height of over 200 pm in SD-OCT and at least four small, jagged folds
of the retinal pigment epithelium.

B: This contrasts with unwrinkled PED, in which the RPE bulges out but remains smooth.
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2. Description

1) Fundus examination

The macula appears raised and slightly blurry, sometimes with several visible folds, giving it a scalloped
appearance. This is much more visible in en-face OCT imaging.

2) Red monochrome photograph

The retinal pigment epithelium appears raised and is often inhomogeneous.

3) Fluorescein angiography

Wrinkled pigment epithelial detachment can be observed in the initial phase prior to treatment (Figure 2).

e In early-phase fluorescein angiography, progressive, inhomogeneous staining is visible, with in this
particular case (Figure 2) a hyperfluorescent lesion located nasal to the macula and pinpoints in the
temporal section of the macula.

e In late-phase fluorescein angiography, leakage from the lesion can be seen in the nasal section of the
macula, with an increase in pinpoints temporal to the macula.

4) Indocyanine green angiography (ICG)

In the early phase, a round, fairly extensive hypercyanescent lesion can be seen, with small folds already
visible. These hypercyanescent folds grow over time and by the late phase are even more visible,
associated with a plague in the centre of the pigment epithelial detachment.

In Figure 3, the patient has PED complicated by choroidal neovascularisation in the context of exudative
age-related macular degeneration, but OCT is required in order to characterise it.

5) Optical coherence tomography (OCT)

A slightly bulging, heterogeneous elevation of the retinal pigment epithelium can be seen. In the slice
focused on the section nasal to the lesion that was hyperfluorescent in FA, an irregular, hyperreflective
structure can be seen on the undersurface of the RPE. Above the RPE, the subretinal area is grey and
hyperreflective, with blurred edges (grey SRD), suggestive of exudative choroidal neovascularisation
(Figure 4).

OCTA shows a neovascular flow hypersignal within the pigment epithelial detachment. Moderate
arborisation is present, usually without any bordering arcades.
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Fig. 2: Fluorescein angiography.

Early-phase A: progressive, inhomogeneous staining, with a hyperfluorescent lesion located nasal to the macula and pinpoints in
the temporal area.

Late-phase B: leakage from the lesion nasal to the macula, with an increase in pinpoints in the temporal area.

Fig. 3: Indocyanine green angiography.
Early-phase A: round, hypercyanescent lesion with small folds already visible.
Late-phase B: hypercyanescent plague within the PED with hypercyanescent folds becoming more and more visible.
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3. Morphological changes and
appearance of jagged folds in
the RPE after treatment with
Intravitreal injections (IVI)

Wrinkled pigment epithelial detachment is a progression of neovascularised PED that appears when it is
treated with anti-VEGF intravitreal injections (Figures 5 and 6).

The following is observed after intravitreal injections for neovascularised PED:

¢ In fluorescein angiography (Figure 6): the localised hyperfluorescence nasal to the macula and the
pinpoints in the temporal area get smaller

¢ Inindocyanine green angiography (ICG): the late hypercyanescence of the round central lesion becomes
stronger and the folds become thicker and more visible

e In optical coherence tomography (OCT): very early after treatment for neovascularised PED (from
the first month after the first anti-VEGF V1), small jagged folds appear on the temporal section of the
lesion in the centre of the dome formed by the raised retinal pigment epithelium. The thickness of the
central retina decreases, the grey SRD starts to disappear and the signs of exudation and intraretinal
or subretinal fluid disappear (Figures 5, 6 and 7).

4. Wrinkled PED progression
and prognosis

In a retrospective, case-control study conducted on 52 eyes with a 3-year follow-up comparing two
groups—one with wrinkled PED and one with unwrinkled PED—we found significantly better corrected
visual acuity in the wrinkled PED group following IVI treatment. Visual acuity remained stable at around
20/40 for the wrinkled group throughout the entire 3-year observation period, while average visual acuity
in the unwrinkled group fell to 20/63 at 1 year and 2 years and to 20/80 at 3 years (p = 0.002).

The number of anti-VEGF IVIs was much lower in the wrinkled PED group, to a statistically significant
extent (p =0.0011), at 2.93 the first year, 1.93 the second year and 1.88 the third year. In the unwrinkled
PED group, the number of IVIs was much higher, at 5.87, 4.44 and 6.21 respectively.

The average maximum time without relapse for wrinkled PED was significantly longer, at 7.87 months

at 1 year, 13.5 months at 2 years and 14.8 months at 3 years. The times for the unwrinkled PED group
were shorter, at 4.59, 7.83 and 8.57 months respectively.
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Wrinkled PED is associated with a statistically significant better visual prognosis at 3 years, a lower
number of IVIs and a long-term reduction in relapse frequency.

The presence of small, jagged folds in the RPE during treatment could therefore be a phenotypic
characteristic and a valuable predictive factor, making their identification important when treating patients
with vascularised PED associated with AMD.

The physiopathology of wrinkled PED remains unknown. However, we know that as the neovascularised
PED is formed and increases in size under the effects of subretinal pigment epithelial exudation linked to
occult choroidal neovascularisation, the RPE itself distends and increases in length.

There are several possible explanations: under the effect of IVIs, the hydrostatic pressure within the
PED decreases, weakening the PED, and the now-distended and lengthened RPE is forced to roll up,
since it has become too long for the surface it covers. This would explain the folds in the RPE and its
wrinkled appearance. Alternatively, it could be a specific characteristic of less active or less exudative
neovascularisation, or linked to the retinal pigment epithelium being less capable of distension in certain
patients.

Fig. 4: Initial OCT before treatment: slightly bulging, heterogeneous elevation of the retinal pigment epithelium with grey SRD above
the RPE.
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Fig. 5: OCT one month after IVI: small, jagged folds appear in the RPE and the PED flattens out. The grey SRD has started to
disappear, as have the signs of exudation.

Fig. 6: OCT one month after six IVIs: small, jagged folds in the RPE, the PED has flattened out, no grey SRD or signs of exudation.

Fig. 7: En-face OCT before and after treatment. En-face OCT provides a clearer image of the
RPE folds.
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Conclusion

Wrinkled PED is a progressive form of neovascularised PED that occurs during
treatment for AMD. It is characterised by small, jagged folds in the RPE and is
associated with a better visual prognosis, fewer IVIs and a long-term reduction in
relapse frequency to a statistically significant extent.

The presence of small folds in the RPE could therefore be a valuable predictive
factor, and their identification in clinical practice important for patient treatment.
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Part b: “Igloos”

Choroidal neovascularisation (CNV) is very often responsible for a severe reduction in visual acuity,
due to bleeding, exudation or fibrous scarring. CNV was initially categorised using fluorescein
angiography, into classic neovascularisation (well defined) and occult neovascularisation (poorly
defined). With the introduction of spectral-domain OCT (SD-OCT), itbegan to be categorisedinto pre-
epithelial type 2 neovascularisation, located above the RPE, and “occult” type 1 neovascularisation,
located below the RPE.

In high myopia and angioid streaks, pre-epithelial type 2 CNV is the most common form of CNV, but
it is rare in AMD, occurring in just 9 to 17% of cases. Subepithelial type 1 or occult CNV is the most
common form found in AMD.

Thanks to anti-VEGF therapy particularly when administered in the early stages of the disease
visual acuity after IVI in high myopia, angioid streaks and certain cases of AMD is currently well
controlled and remains acceptable.

However, we have observed a specific progressive sign of healing arising after pre-epithelial type 2
CNV is treated with anti-VEGF IVI: a dense, relatively homogeneous, localised subretinal elevation
with a characteristic hyperreflective dome appearance in SD-OCT, which we refer to as an “igloo”

(Figure 1).

When pre-epithelial type 2 CNV heals in this way, the prognosis is generally favourable, with fairly
good visual acuity, fewer intravitreal injections and a long period without relapse.

1. Description

The igloo is a way in which pre-epithelial type 2 CNV heals after VI treatment. In the initial pre-treatment
stage, the signs are therefore the same as with visible type 2 CNV.

1) Fundus examination

The macula is raised and retinal haemorrhage may be visible. The CNV itself can sometimes be detected.
2) Fluorescein angiography

In early-phase fluorescein angiography, a vascular network with a feathered appearance is clearly visible,
exhibiting early hyperfluorescence, with a highly hyperfluorescent wreath and a slightly darker centre.

In the late phase, there is extensive leakage from the lesion: the hyperfluorescence increases in intensity
and size, and its edges become blurred (Figure 2).
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Fig. 1: SD-OCT of a 79-year-old woman with exudative AMD, before treatment and three months after [VI.

A: Infrared photograph showing a hyperreflective perifoveal ring prior to treatment.

B: SD-OCT before treatment, showing pre-epithelial (type 2) CNV with grey SRD and intraretinal spaces.

C: Infrared photo three months after treatment. The ring is now highly hyperreflective, dense and well defined.

D: SD-OCT after treatment, showing a hyperreflective subretinal lesion with the characteristic igloo appearance and a hyperreflective PED.

3) Indocyanine green angiography (ICG)

In the early phase, there is distinct hypercyanescence, which sometimes remains into the late phase but
often lessens due to wash-out, the neovessels fading into the grey of the fundus (Figure 2).

4) Optical coherence tomography (OCT)

OCT confirms the retinal elevation: the fovea no longer appears funnel-shaped and the macula bulges
out. This is accompanied by serous retinal detachment (SRD) and, in rare cases, intraretinal spaces. Grey
SRD is often present, with a fairly dense, hyperreflective subretinal structure with blurred edges above
the RPE, which is specific to type 2 CNV (Figure 3).

OCT-angiography reveals a pathological neovascular flow hypersignal, often with a characteristic image

of perfused CNV with a clearly visible surrounding arcade, a dark halo of vascular steal and extensive
arborisation with numerous fine connected networks.
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Fig. 2: Angioid streaks complicated by CNV before and four months after [VI.

o Before treatment:

A: Fluorescein angiography (FA) showing visible CNV with leakage.

B: OCT: Pre-epithelial (type 2) CNV with grey SRD and SRD.

C: ICG image showing streaks becoming stained in the late phases and subfoveal CNV.

e Four months after treatment:

D: IR: Lesion barely visible.
E: OCT: Hyperreflective subretinal igloo that appears to be resting on the RPE.
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2. Morphological changes and
appearance of igloos in the RPE
after treatment with intravitreal
injections (IVI)

Igloos are a stage in the progression of type 2 CNV that appear when it is treated with anti-VEGF IVI.
The following is observed after treatment for type 2 CNV:

e In fluorescein angiography: the hyperfluorescent structure of the CNV reduces in size and intensity,
with almost no leakage, although it may remain stained.

¢ InICG angiography: the late hypercyanescence completely or almost completely disappears.

e In optical coherence tomography (OCT) (Figure 3): the igloo can be seen from the first month
onwards (i.e. very soon after the first anti-VEGF [VI). It appears as a dense, hyperreflective subretinal
lesion with distinct edges that forms a localised dome-shaped elevation with a posterior shadow,
exactly where the CNV used to be. The lesion comprises a hyperreflective strip with a very similar
tone to the RPE itself, although its content is slightly less hyperreflective.

Fig. 3: OCT showing the
progression of type 2 choroidal
neovascularisation towards an
igloo.

A: Before treatment. Fusiform
hyperreflectivity can be seen
above the RPE corresponding
to the neovascularisation,
associated with a SRD.

B: After treatment with three anti-
VEGF IVIs. The signs of exudation
decrease and the neovascular
lesion becomes dense and more
reflective.

C: After six months, the lesion is
dense and free of exudation.
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Locating the igloo against the outline of the RPE is not easy, since the OCT tone along the edges of
the igloo is the same as the RPE, making it hard to precisely follow the line of the RPE. The igloo often
appears as a smooth hyperreflective subretinal elevation above the RPE that seems to correspond to
CNV scarring above the RPE. More rarely, the igloo looks like a PED and is therefore located below
the RPE, indicative of CNV scarring below the RPE that can only be explained by the RPE expanding
over and enveloping the CNV.

3. Igloo progression and prognosis

Igloos appear very soon after treatment and are found in 100% of type 2 CNV cases one month after
IVI therapy. The igloo may appear heterogeneous to begin with, but over time becomes more and more
hyperreflective. Relapse is possible, evidenced by the reappearance of grey SRD or signs of exudation.

In a retrospective study assessing post-IVI progression in 29 eyes with type 2 CNV (AMD: 14, myopia:
10, angioid streaks: 5) with an average follow-up of 3.6 years, we found a significant improvement in
visual acuity from the first IVI: 20/80 with p < 0.001, confirmed at 1 year at 20/40 with a significant p of
0.004. The average number of IVIs during the first year was 4.3 injections.

Conclusion

The igloo is a specific progressive sign of healing following anti-VEGF IVI treatment
for pre-epithelial type 2 CNV, appearing in OCT as a dense, fairly homogeneous,
hyperreflective, dome-shaped, localised subretinal elevation. It is found in particular
in cases of high myopia and angioid streaks occurring rarely in AMD and is associated
with a good visual prognosis.
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Part 6: Polypoidal choroidal vasculopathy

Polypoidal choroidal vasculopathy (PCV) was first described by Yannuzzi in 1982*. The condition
involves abnormal branching vascularisation within the choroid, associated with aneurysmal
vascular dilations that can lead to serous detachment of the retinal pigment epithelium (RPE) and, in
some cases, extensive haemorrhage. PCV is more prevalent in Asian populations than in Caucasian
populations. Age at diagnosis is lower than in AMD.

PCV is usually idiopathic, but can also be secondary to exudative AMD, myopic staphyloma, CSCR/
DRPE (central serous chorioretinopathy/diffuse retinal pigment epitheliopathy) or a naevus2 More
recently, Freund placed PCV on the pachychoroid spectrum (Figure 1) and renamed it “aneurysmal type
1 neovascularisation™.

NON-NEOVASCULAR PACHYCHOROID NEOVASCULAR PACHYCHOROID

Pachychoroid Peripapillary Acute/K CSCR Pachychoroid Polypoidal
Pigment Pachychoroid neovasculopathy choroidal
Epitheliopathy SD (PPS) vasculopathy
(PPE) (PCV)
Clinic Localised RPEC | Inter-PM RPEC Serous PED/ Type 1 CNV Polyps
+ SRD bleb
IR spaces +/-
SRD

AutoFluo Localised RPEC | Localised RPEC | +/- Gravitational

tracks

Non-specific Non-specific

Type 1 CNV

BVN +/- polyps

Fig. 1: Pachychoroid clinical spectrum.

K: chronic. RPEC: retinal pigment epithelium changes. PM: papillomacular. SRD: serous retinal detachment. CNV: choroidal
neovascularisation. A: angio. PED: pigment epithelial detachment. V: vascularised. ICG: indocyanine green angiography. BVN:
branching vascular network.

1. Diagnosis
1) Fundus

In the fundus, PCV may be suspected in the presence of PED with lipid exudates, often associated with
subretinal haemorrhage. One or more round, red-orange lesions may also be observed under the RPE,
varying in size and prominence (Figure 2).

Drusen, RPE changes and areas of geographic atrophy are absent or rare. The location of the PCV can
be subfoveal, juxtafoveal, extrafoveal, peripapillary or even peripheral, and varies from population to
population. In Caucasians, the lesions are often extrafoveal, with high levels of peripapillary involvement
(23 to 68%). In Asian populations, polyp location is variable, with the central subfoveal area affected
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in almost 30% of certain Chinese populations. In rare cases, polypoidal dilations may be found on the
retinal periphery and can be classified as exudative haemorrhagic chorioretinopathy. Patients are often
asymptomatic and lesions may be discovered by chance. The condition often improves spontaneously. If
extensive haemorrhage is present, a differential diagnosis may be required to rule out a tumour.

Exudates

Fig. 2: Polypoidal vasculopathy within the fundus.

Pigment epithelial detachment (PED) is present (green circle), often associated with
exudates (yellow arrow) and subretinal haemorrhage (red arrow).

2) Fluorescein angiography (FA) and indocyanine green angiography (ICG)

Fluorescein angiography has low specificity for PCV. It shows progressive staining of aneurysmal
dilations, with little diffusion during the late phase and, very often, associated hyperfluorescence of the
branching vascular network (BVN), which is difficult to differentiate from polyps (Figure 3). Polypoid
lesions are often masked by bleeding and merged into the PED hyperfluorescence.

ICG is the key examination for diagnosing PCV. Polyps are displayed as round, hyperfluorescent lesions
in the early phases and can remain into the late phase or undergo “wash-out” (Figure 4). The BVN is
visible in the early phases, with polyps located within the network or on its edge, resulting in a late
“hyperfluorescent lesion”. Choroidal hyperpermeability is also evident when using ICG. ICG is essential
when monitoring PCV, since it can show whether the polyp hyperfluorescence has lessened or
disappeared following treatment. Pulsatile filling of polyps can sometimes be seen and is thought to be a
risk factor for rupture and haemorrhage.
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Fig. 3: Early-phase (A) and late-phase (B) fluorescein angiography.

Progressive hyperfluorescence of aneurysmal dilations, with little diffusion during the late phase and a hyperfluorescent branching
vascular network that is difficult to differentiate from the polyps.

Fig. 4: Early-phase (A) and late-phase (B) ICG angiography.

The polyps appear as round, hyperfluorescent lesions (red arrows) in the early phases and may remain into the late phases or
undergo “wash-out” (red circle). The polyps are accompanied by the BVN (green arrow), which is visible in the early phases with
polyps located within the network or on its edge, resulting in a late hyperfluorescent lesion.
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3) SD-OCT

A diagnosis of PCV can be strongly suspected based on OCT findings. Polyps appear as dome-shaped
elevations in the RPE containing one or more hyperreflective rings associated with a hyporeflective
centre. The BVN causes flat, irregular elevation of the RPE (“double layer sign”), visible as two highly
reflective layers (the RPE and a layer beneath the RPE). If exudation is present, serous retinal detachment,
intraretinal cystoid spaces or retinal thickening may be observed. Swept-source imaging or EDI usually
reveals a pachychoroid (> 300 um) associated with “pachyvessels”? (Figure 5).

Fig. 5: Polypoidal choroidal vasculopathy as it appears in SD-OCT.

The polyps look like an ogival or “steep slope” PED, sometimes adjoining a serous PED. The double layer sign is also found, along
with a thick choroid.

4) OCTA

OCTA is at present of little use when it comes to imaging polyps. However, the BVN, which is characterised
by linear blood flow, is easily detected by OCTA. Polypoid lesions appear in most cases as hypodense
round structures with no flow or hyperdense round structures with flow (between 17 and 45% of cases,
depending on the series?), occasionally encircled by a hypodense halo. The lack of signal in the polyp
does not mean that there is no blood flowing, rather that the characteristics of the blood flow do not meet
the OCTA detection criteria (Figures 6 and 7). This failure to detect the blood flow may be caused by
signal attenuation linked to the RPE, or by the flow characteristics being undetectable: the flow may be
too weak or circulating only at the edges of the polyp, or there may be hyalinisation of the polyp, blocking
out the light. As the technology currently stands, therefore, OCTA cannot be used in place of ICG to detect
and assess PCV4.
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Fig. 6: PCV associated with type 2 choroidal neovascularisation in a treatment-naive male
patient.

OCTA of the choriocapillaris shows the abnormal choroidal network in the form of a hyperdense
lesion with flow (green arrow). The polypoid lesion appears as a hypodense, round structure
with no flow (red arrow) and the neovascularisation as a hyperdense structure with flow
(yellow arrow).
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2. PCV classification

Certain authors have suggested categorising PCV into different subtypes®® based on how it appears in
ICG and OCT. Type 1 PCV, or “polypoidal neovascularisation”, is distinguishable by its drainage network
(the BVN) and feeder vessel, a thinner choroid with large lesions, and a positive response to anti-VEGF
(Figure 7). Type 2 PCV, or “idiopathic PCV", features no BVN, or only a very faint one, a small lesion and a
thicker choroid (Figure 8). Recently, an American team proposed a new term for PCV: “aneurysmal type 1
choroidal neovascularisation”. However, there is no consensus around these subcategories and terms.

Fig. 7: PCV in a male patient undergoing treatment.

Top left and top right: fluorescein angiography and ICG images.

Middle left, middle right and bottom: OCTA with flow map (segmentation through the polyps
and BVN). The polypoid lesion appears as a hyperdense, round structure with flow (red arrow)
and the BVN as a hyperdense lesion with flow (green arrow).
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Colour retinography Autofluorescence Fluorescein angiography ICG anglography

el y ik
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Fig. 8: Multimodal imaging of type 2 haemorrhagic polypoidal choroidal vasculopathy.

Colour fundus photograph (A) showing a haemorrhagic serous detachment between the optic disc and the macula. Autofluorescent
photograph (B) showing hypoautofluorescent areas of serous retinal detachment (SRD). Fluorescein angiography (C) showing late-
phase leakage from the polypoidal detachment. ICG angiography (D) showing late hypercyanescence of the polyp. SD-OCT (E)
showing a hyperreflective polypoidal elevation, hyperreflective white dots and a macular SRD.

Conclusion

ICG remains the gold standard for diagnosing PCV and can be useful for monitoring
it. OCT can provide highly characteristic images of PCV, while the current resolution
of OCTA is insufficient for it to replace ICG in PCV. Finally, a diagnosis of AMD must
be reassessed by ICG if the therapeutic response is insufficient, as PCV may be
present. Angiography for PCV can also involve OCT B-scan, en-face OCT and OCTA,
since they can distinguish between the BVN and polypoid lesions and display the
neovascular activity, revealing the extent of intraretinal and subretinal exudation.
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Part /: Fibrotic secondary to choroidal neovascularization

1. Definition

Subretinal fibrosis is the result of complex tissue repair mechanisms, secondary to either the natural
healing process? or treatment with vascular endothelial growth factor inhibitors (anti-VEGF therapy)?.
Recent studies on animal models3® have found that the key factors in the development of fibrosis are
connective tissue growth factor (CTGF), platelet-activating factor (PAF), the platelet-activating factor
receptor (PAF-R) and macrophage-rich peritoneal exudate cells (PEC). In addition, the extensive use of
anti-VEGF therapy to treat exudative age-related macular degeneration (AMD) has been found to carry a
risk of the treated choroidal neovascularisation developing into macular atrophy and/or subretinal fibrosis,
both of which are associated with poor visual outcomes’®.

2. Diagnosis

During dilated fundus examination, subretinal fibrosis can be identified as a clearly defined accumulation
of raised, yellowish tissue, often with concave edges (Figure 1). In fluorescein angiography (FA), fibrosis is
characterised by impregnation of the lesion in the late phases, with no leakage of the dye’® (Figure 2). In
SD-OCT, fibrosis appears as a compact, hyperreflective subretinal lesion, possibly accompanied by loss
or fragmentation of the adjacent retinal pigment epithelium (RPE) and ellipsoid zone (Figure 1).

OCT-angiography (OCTA) is an imaging technique that offers excellent resolution at defined depths®1°,
enabling detailed analysis of the fibrotic scar. OCTA images of subretinal fibrosis almost always reveal
a perfused vascular network, along with collateral architectural changes in the outer retina and the
choriocapillaris (Figures 2 and 3). However, this examination can be impossible to interpret in some
cases, due to very poor visual acuity or an inability to hold the gaze and the need for a high level of patient
cooperation.

The neovascular network inside the fibrotic scar can display several different patterns, the most common
of which is the “pruned tree” or “dead tree” (Figures 2 and 3), defined by an absence of visible fine
capillaries in the slab corresponding to the fibrosis (outer retina and/or choriocapillaris). The accumulation
of fibrous tissue may cause a blocking effect, resulting in a flow/signal void (Figure 3). In OCTA, subretinal
fibrosis associated with neovascular AMD can be identified as distinct abnormal vascular networks within
the fibrotic scar, which were previously undetectable by FA or SD-OCT alone!!.

The development of a qualitative classification for these networks would prove particularly valuable from
a clinical and physiopathological perspective.
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Fig. 1: Non-invasive multimodal imaging of the right eye of a male patient with a history of exudative AMD.

A: The Multicolor® image shows a clearly defined, yellowish lesion with concave edges.

B: In the infrared image, the lesion is well defined and hyperreflective.

C: The SD-OCT slice through the centre of the lesion shows a compact, uniform hyperreflective lesion. The retinal pigment
epithelium is barely visible.
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Fig. 2: Invasive and non-invasive multimodal imaging of the left eye of a female patient with a history of exudative AMD.

A and B: Fluorescein angiography in the early (A) and late (B) phases shows a hyperfluorescent subfoveal lesion, with no leakage

of the dye in the late phases.
B’ The OCTA flow image and the corresponding B-scan reveal, in the central 10° (3 x 3 mm acquisition window), the presence of
a high-flow vascular network in the outer retina slab. Note that there are no fine capillaries, suggesting a “pruned tree” or “dead

tree” pattern.
C and D: Indocyanine green angiography reveals the occult component of the fibrotic neovascular membrane.
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Fig. 3: Different OCTA images (6 x 6 mm) of high-flow networks inside fibrotic lesions.

A and B: Flow image (A) and corresponding B-scan (B) of a male patient with subretinal fibrosis secondary to AMD. In the flow
image (A), a high-flow network can be seen in the choriocapillaris slab (white arrow), along with a flow/signal void caused by the
fibrous tissue (dotted line).

C and D: Flow image (C) and corresponding B-scan (D) of a different male patient with subretinal fibrosis secondary to AMD. In the
flow image (C), a high-flow “pruned tree” network can be seen in the slab including the fibrotic lesion, with the main vessels still
visible (white arrow). Note that at either end of the lesion, there is nevertheless some capillary sprouting visible (asterisk).
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Type 2 neovascularization secondary to AMD

“Pre-epithelial” or “visible” type 2 choroidal neovascularisation (CNV) is the least common form of
neovascularisation found in exudative age-related macular degeneration (AMD) (17.6% of cases)®.
However, the visible characteristics of this form were the first to be described in the literature, since
it can be seen directly in fluorescein angiography (FA). Like type 1 CNV, it is choroidal in origin,
but expands below the retina after breaking through Bruch’s membrane and the retinal pigment
epithelium (RPE).

During fundus examination, it appears as a slightly raised yellowish macular lesion, sometimes
accompanied by bleeding around the edges (Figure 1).

Studies of infrared photographs (820 nm) of type 2 CNV have revealed the presence of a whitish ring
encircling a dark central core?. The edges of this ring correspond to the leakage zone in late-phase FA and
the black halo encircling the neovascular membrane in the early phase (Figures 2 and 4).

Fluorescein angiography has long been the imaging gold standard for diagnosing type 2 CNV. It appears
as a well defined area of hyperfluorescence corresponding to the neovascular membrane in the early
phases, surrounded by a hypofluorescent area. The late phases are marked by gradual leakage of the dye
from this lesion (Figures 2, 3, 4 and 5).

In indocyanine green angiography, type 2 CNV is often visible in the early phases as a hypercyanescent
neovascular network that generally tends to disappear in the later phases (wash-out) (Figures 2, 3 and
4), but occasionally an area of hypercyanescence remains.

OCT shows both the neovascularisation and its exudative activity. In SD-OCT (spectral-domain OCT),
type 2 neovascularisation is characterised by a pre-epithelial hyperreflective fusiform lesion accompanied
by underlying hyporeflectivity (due to a shadow effect). Within this inhomogeneous hyperreflectivity, there
is an area of abnormality in the appearance of the RPE, which can vary in size. If the neovascularisation
is recent, the hyperreflectivity is not very dense or homogeneous, while older fibrovascular lesions result
in more marked hyperreflectivity. As the neovascularisation progresses, slightly hyperreflective “grey”
exudation gradually appears?, resulting in an accumulation of hyporeflective subretinal fluid (serous
retinal detachment [SRD]) at the edges or on top of the neovascularisation, along with intraretinal spaces
(Figures 1 and 3).

OCT-angiography (OCTA) provides direct images of the neovascular network. The various types of
neovascularisation that occur secondary to AMD are classified based on the slab in which the neovessels
are visible and the presence or absence of flow in the corresponding B-scan. Type 2 neovascularisation is
primarily visible in the outer retina slab, which is normally avascular* (Figures 2, 3 and 5). In certain cases,
a feeder vessel can be identified. Numerous studies have attempted to assess the sensitivity of OCTA in
detecting neovascularisation, with results ranging from 85 to 100%5.
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Fig. 1: Fundus photograph showing an oval, greyish superior macular lesion secondary to type 2 neovascularisation.

The SD-OCT slice through this lesion (green line) shows that it is hyperreflective, pre-epithelial and accompanied by SRD and
exudative intraretinal spaces.

Fig. 2: Type 2 CNV in fluorescein angiography and ICG angiography.

A: The lesion from Figure 1 is hyperfluorescent in the early phase of fluorescein angiography and surrounded by a hypofluorescent
ring.

B: The hyperfluorescence increases in intensity into the late phases of FA, with mild diffusion.

C: The early phase of ICGA reveals a hypercyanescent neovascular network.

D: The cyanescence increases slightly in the late phases, with no marked diffusion.

E: OCTA (Optovue®) clearly shows the type 2 CNV in the outer retina.

F: In infrared imaging, the neovascularisation appears as a whitish, hyperreflective ring (white arrow) encircling a dark central core.
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Fig. 3: Multimodal imaging of type 2 CNV.

A: Early-phase ICGA: well defined area of hypercyanescence corresponding to the neovascularisation.

B: Late-phase ICGA: the cyanescence increases slightly over time.

C: Early-phase fluorescein angiography: early hyperfluorescent image.

D: Late-phase fluorescein angiography: gradual leakage of the dye.

E: Hyperintense neovascular network clearly visible in OCTA (Zeiss® Plex Elite) in the outer retina slab.

F: The SD-OCT slice shows a pre-epithelial hyperreflective lesion causing an increase in retinal thickness.

114 « AMD: AN OVERVIEW OF CLINICAL FORMS



Fig. 4: Multimodal imaging of type 2 CNV.

A: Infrared photograph: the neovascularisation appears as a whitish, hyperreflective ring (white arrow) with a dark central core.
B: Late-phase fluorescein angiography: gradual leakage of the dye.

C: Early-phase ICGA: well defined area of hypercyanescence corresponding to the neovascularisation.

D: Late-phase ICGA: the cyanescence tends to decrease over time, due to wash-out.
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Type 2 neovascularization secondary to AMD

Fig. 5: Multimodal imaging of type 2 CNV.
A: Hyperfluorescent foveal lesion visible in the early phase of fluorescein angiography.

B: Neovascular network visible in early-phase ICGA.
C: OCTA (Spectralis-HRA®) and D: OCTA (Optovue®), both showing the hyperintense neovascularisation in the outer retina layer.
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Type 3 neovascularization

Type 3 neovascularisation is a clinical form of neovascular AMD that preferentially affects the
neurosensory retina and causes a compensatory telangiectasic neovascular response, associated
with intraretinal proliferation®.

1. History

In 1992, Hartnett described an angiomatous retinal lesion associated with drusen, which caused pigment
epithelial detachment? The origins of this form of neovascular AMD have been hotly contested over
the years. Several different terms have been used to refer to this kind of lesion, including “chorioretinal
anastomosis” (CRA) and “retinal angiomatous proliferation” (RAP).

In 2001, Yannuzzi described RAP as an angiomatous proliferation of retinal origin extending into
the subretinal space. Several hypotheses were put forward to explain the formation of these lesions,
which originate in the deep capillary plexus, including communication with (pre)existing choroidal
neovascularisation34,

Two years later, Gass described CRA as an intraretinal extension of type 1 neovascularisation®.
It was Freund who eventually introduced the term “type 3 neovascularisation”, as a logical extension of
Gass' categorisation®, to bring together the various different potential origins of this vascular complex.
According to Freund, type 3 neovascularisation can cover all of the following®:

+ Focal neovascular proliferation originating in the deep capillary plexus (essentially RAP)!%7

« Intraretinal neovascular extension of a type 1 choroidal neovascular membrane (occult choroidal
neovascularisation) (essentially CRA)*57

« De novo ruptures of Bruch’'s membrane, with neovascular infiltration of the retina'®”.
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2. Diagnosis

In fundus examination, type 3 neovascularisation is often characterised by small-scale haemorrhage
near a vessel, often close to the fovea.

Type 3 lesion diagnosis and treatment response are determined using various imaging techniques:
fluorescein angiography (FA), indocyanine green angiography (ICGA) and spectral-domain optical
coherence tomography (SD-OCT)3.

In FA, type 3 neovascularisation appears as a hyperfluorescent intraretinal vascular complex, typically
located at the edge of the avascular foveal zone, resulting in late-phase leakage.

In ICGA, type 3 lesions are visible in the early phases in the form of a hyperfluorescent lesion, resulting in
a “hot spot” in the late phases38? (Figures 1 and 2).

SD-OCT plays a key role in type 3 neovascularisation. Typically, type 3 neovascularisation involves
thinning of the choroid. The various stages in its development were recently categorised by Su et al.l° as
follows:

e Stage 1:intraretinal hyperreflective foci (HRF) associated with cystoid macular oedema, but no outer
retinal disruption

e Stage 2: progression towards outer retinal disruption, with or without disruption of the retinal pigment
epithelium

e Stage 3: posterior progression of the type 3 lesion, resulting in proliferation through the retinal pigment
epithelium and serous pigment epithelial detachment (Figure 2).
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Type 3 neovascularization

Fig. 1: Multimodal imaging of the left eye of an 83-year-old woman with type 3 neovascularisation.

A and B: Indocyanine green angiography reveals a hypercyanescent lesion in the early phases (A, white arrow on enlarged image
A’) and late phases (“hot spot”) (B, white arrow).

C and D: Early-phase (C, white arrow on enlarged image C’) and late-phase (D) fluorescein angiography shows a hyperfluorescent
lesion below the avascular foveal zone, causing significant leakage.

E: Optical coherence tomography shows a funnel-shaped, hyperreflective intraretinal lesion accompanied by cystoid spaces.
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Fig. 2: Multimodal imaging of the right eye of a 78-year-old woman with type 3 neovascularisation.

A and B: The B-scan (B), guided by the infrared photograph (A), through the lesion below the avascular foveal zone reveals a
hyporeflective pigment epithelial detachment, above which is a hyperreflective intraretinal vascular complex.

C and D: Indocyanine green angiography (C: early phase, D: late phase).

E and F: Fluorescein angiography (E: early phase, F: late phase) showing a hyperfluorescent lesion on the edge of the avascular
foveal zone, causing a typical “hot spot” (D) in the late-phase ICGA images.

G and G: OCTA images: B-scan with flow superimposed (G') and en-face image of the deep capillary plexus (G) in 3 x 3 mm,
revealing flow in the hyperreflective complex.

H and H": B-scan with flow superimposed (H’) and en-face image of the outer retina (H) in 3 x 3 mm, revealing a tuft-shaped lesion.
|'and I': B-scan with flow superimposed (I') and en-face image of the choriocapillaris (I) in 3 x 3 mm, showing no neovascular lesions
in this area.
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Type 3 neovascularization

3. Benefits of OCT-angiography

OCT-angiography (OCTA) has been used for several years to precisely analyse the retinal and choroidal
microcirculation.

Acquisition windows of 3 x 3 mm and correct segmentation of the deep capillary plexus, outer retinal
layers (outer retina) and choriocapillaris provide valuable information on the physiopathology and
progression of type 3 lesions.

In OCTA, type 3 neovascularisation is defined by retino-retinal anastomosis (Figure 3). From the deep
capillary plexus (origin), high-flow vessels extend into the outer retina, forming a high-flow, tuft-shaped
lesion (hatched) (Figures 2 and 3). This lesion may gradually extend further, into the area below the
retinal pigment epithelium and/or the choriocapillaris: a small glomerular lesion (“clew-like” lesion) can be
seen in the OCTA image'™.

OCTA provides additional evidence to confirm that, in the majority of cases, type 3 neovascularisation is
characterised by an intraretinal vascular complex originating in the deep capillary plexus (Figures 2 and
3)11,12.

4. Progression

Two distinct lesion progression profiles have been observed when monitoring patients undergoing anti-
VEGF therapy: either progression to atrophy (characterised by the lesion disappearing from the outer
retina slab) or progression into the space below the retinal pigment epithelium (characterised by the
persistence or de novo appearance of the small glomerular lesion in the choriocapillaris layer)®.

It is therefore essential to take good quality images at the first examination and during follow-up in order
to determine the progression profile.

5. Nascent type 3

One of the early signs of type 3 neovascularisation described recently by Sacconi et al.}? is hyperreflective
intraretinal foci located above a drusenoid PED, which can be easily confused with pigment migration.
OCTA evidences early flow in these foci, before the exudative type 3 neovascular lesion appears.
A new entity, “nascent type 3 neovascularisation”, has therefore been created to describe this progression
from a preclinical stage (hyperreflective focus and no exudation) to a clinical stage (progression of
the lesion from the deep capillary plexus into the retinal pigment epithelium and the space below it,
accompanied by exudation)? (Figure 4).
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Deep capillary plexus Outer retina Choriocapillaris

Fig. 3: OCTA of the left eye of the female patient in Figure 1.

A: En-face image of the deep capillary plexus slab, showing a high-flow vessel and a lesion at the intersection of the two navigation
lines.

B: The outer retina slab reveals a high-flow, tuft-shaped lesion (white arrow).

C: Note that in the en-face image of the choriocapillaris slab, the lesion is not visible.

A, B and C": B-scan with flow superimposed for each automatically segmented slab, showing the flow in this small, hyperreflective
intraretinal complex. The flow is confined to the intraretinal zone (C', white arrowheads).
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Type 3 neovascularization

April 2016

November 2016

Fig. 4: Nascent type 3.

In April 2016, note the presence of a hyperreflective intraretinal lesion, located above a drusenoid PED, which could easily be
confused with pigment migration. The OCTA B-scan shows that there is flow within it (arrow). Over time, the lesion gets closer to
the PED, eventually taking the typical form of type 3 neovascularisation. This is therefore a case of nascent type 3 (images by Prof.
Giuseppe Querques).
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Conclusion

Both invasive (FA, ICGA) and non-invasive (SD-OCT, OCTA) multimodal
imaging techniques are used to diagnose and monitor patients with type 3
neovascularisation. OCTA has confirmed the intraretinal origin of this neovascular
lesion, which differs from type 1 and type 2 neovascularisation in that it originates
in the deep capillary plexus.
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Adult-onset foveomacular vitelliform dystrophy (AFVD)

1. Introduction

Adult-onset foveomacular vitelliform dystrophy (AFVD) is an eye disease found in middle aged to elderly
patients. It is fairly common and there is disagreement as to the best way to diagnose and manage it
(additional examinations, risk of complications, treatment).

It is commonly confused with other diseases, and certain aspects of its diagnosis and treatment are
the same as for age-related macular degeneration. However, its natural history, clinical and paraclinical
presentation and, in some cases, its genetic origin mark it out from AMD.

1) Definition: disease classification

AFVD is defined by a deposit of vitelliform (“resembling an egg yolk”) material in the macula of a patient
aged over 50 years.

a) Historic definition

The first description of AFVD is in a 1974 work by Donald Gass, in which he provides a clinicopathologic
description of a “peculiar” macular dystrophy in nine patients. He links these clinical observations to the
angiographic behaviour of the lesion and concludes that the macular dystrophy is presumably genetic in
origin and autosomal dominant.

b) Contemporary definition
The precise, current definition of AFVD is summarised by Chowers et al.:

- Itis aclinically and genetically heterogeneous disorder

- Theterm "dystrophy” is usually reserved for monogenic diseases and therefore should only be applied
to genetic cases of AFVD, which are fairly rare

- The link with AMD and pattern dystrophy is not clear

- Asimilar-looking submacular deposit of foveal material can be observed in other pathological situations
(toxicity, immune disease, infectious disease, injury etc.).

Today, AFVD is therefore considered to be a spectrum rather than a specific retinal disease.

The variety of different terms used to refer to AFVD contributes to the confusion:

- Adult vitelliform macular degeneration (according to Glacet-Bernard et al.,, Epstein et al. and Greaves
et al)

- Pseudovitelliform macular degeneration (according to Sabates et al.)

- Adult-onset foveomacular pigment epithelial dystrophy (according to Vine et al.)

- Adult pseudovitelliform dystrophy (according to Burgess et al.)

- Adult vitelliform macular dystrophy (according to Bird et al.)

In 1997, Marmor et al. suggested that AFVD falls within the pattern dystrophy group, and it remains as
such in several reference works (e.g. Retinal Atlas, Yannuzzi et al.) (Figure 1).
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Fig. 1: Blue-light autofluorescence photograph and OCT slice.
AFVD in the vitelliruptive stage, associated with linear retinal pigment epithelium changes evocative of pattern dystrophy
(Deutman’s butterfly-shaped pattern dystrophy).

2) Physiopathology and genetics

There is no convincing definitive physiopathogenic theory to explain this accumulation of subfoveal
material. The nature of the material has been established through post-mortem biochemical and
histological examination. It primarily comprises debris resulting from phagocytosis of the photoreceptor
outer segments (which are rich in opsins and vitamin A derivatives), as well as pigment from the RPE,
lipofuscin, macrophages and pigment epithelial cells.

Numerous authors have focused on genetic AFVD, resulting in information on the mechanisms by which
the material accumulates at molecular level. As with AMD, genetic research has given us a clearer idea of
the cellular and molecular natural history of AFVD.

- AFVD linked to monoallelic BEST1 mutation appears to be due to impaired phagocytosis of the
photoreceptor outer segments.

- AFVD linked to monoallelic PRPHZ2 mutation seems to be caused by structural aberrations of the
photoreceptor outer segments, making it harder and slower for them to be internalised and broken
down.

- More rarely, another gene, IMPG, described by Isabelle Meunier, Christian Hamel et al, causes
impairment of the interphotoreceptor matrix (IPM). This disturbs the cycle of internalisation/renewal
by the RPE.

In “non-genetic” AFVD, the most likely causal mechanism is local dysfunction of the RPE. The natural
history of AFVD is probably less severe and slower than that of AMD.
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Adult-onset foveomacular vitelliform dystrophy (AFVD

2. Clinical presentation

AFVD is described as typically bilateral in effect, but in practice is often asymmetrical. The functional
signs reported by patients with AFVD are those found with AMD (though often not all are present).
However, it is frequently discovered unexpectedly during a routine ophthalmology consultation after the
age of 40 years. A diagnosis may be suspected in the presence of a yellowish deposit of subretinal
material, without the patient reporting any issues, and visual acuity is frequently maintained (Figure 2).

1) Natural history and complications

The disease begins with a deposit of subretinal material in the macular zone. The main explanation
for this location is increased retinoid metabolism in the macular zone, combined with lower resorption
capacity, which is also commonly found in the physiopathogenesis of macular oedema (microglial and
lymphatic system, cones predominant, system linked to Muller cells only). Another interesting hypothesis
is a distinct visual cycle—at molecular level—between cones and rods.

This material is then subjected to as yet unknown factors and ends up breaking down and being
reabsorbed, sometimes with no impact on the photoreceptors or visual acuity, sometimes affecting retinal
function (atrophy). Neovascularisation may occur at any stage of the disease.

2) Material accumulation/resorption sequence

The accumulation of initially homogeneous subretinal material takes on a “foliated” appearance: often
several distinct layers piled on top of one another like domes. The upper section of the material is then
reabsorbed, indicated by two common OCT signs:

- A hyporeflective growth under the photoreceptors, with an elongated appearance (Figure 3)

- Hyperreflective intraretinal dots, not always accompanied by pigment in biomicroscopy (Figure 4).

3) Macular atrophy

One of the most severe complications is macular atrophy complicating the resorption of the material:
visual acuity is often limited to 20/400 or less (Figure 5).

When it is the only observed ophthalmological sign, this atrophy makes retrospective diagnosis
difficult, if not impossible. The peri-atrophic retina may be free of any kind of lesion associated with
pattern dystrophy. A diagnosis must therefore be determined in the same way as with other causes of
bilateral macular atrophy: AMD, late-onset Stargardt disease, central areolar choroidal dystrophy, cone
dystrophy etc.

This outcome remains rare to our knowledge, but in the literature, geographic atrophy resulting from
AFVD is not usually studied separately to other diagnoses.
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Fig. 2: Accumulation of subfoveal subretinal material in strata with intact retinal lamination and no visible atrophy. Vitelliform-stage
AFVD.

Fig. 3: Resorption-stage AFVD.
The photoreceptors are stretched mechanically, having lost their physiological interdigitation with the retinal pigment epithelium.

Fig. 4: Hyperreflective dots above the subretinal material in a 56-year-old male patient.
Visual acuity 20/20, no pigment migration observed.
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Adult-onset foveomacular vitelliform dystrophy (AFVD)

4) Neovascular complications

As with atrophic progression, the frequency of choroidal neovascularisation (CNV) is difficult to quantify
not only due to the difficulty of defining AFVD as a clinical entity, but because the literature often does
not distinguish between neovascularisation and macular atrophy when discussing the complications of
AFVD. Furthermore, imaging results can be misleading if an exudative lesion is present, as it may be
mistaken for neovascularisation. According to the literature, CNV can complicate AFVD at any stage of
the disease. Its prevalence is approximately 10%.

3. Imaging

1) Multimodal imaging (Figures 6, 7 and 8)

AFVD is diagnosed using multimodal imaging, as follows:

- Colour fundus photography showing monofocal or multifocal deposits of material, and any macular
haemorrhage or angioid streaks

- Infrared imaging, which can be informative for at least two reasons: it can show very clear images
of pattern dystrophy and the presence of reticular pseudodrusen, with their characteristic umbilicate
appearance

- Blue-light autofluorescence imaging of the central 15 degrees, which can be used to measure the
level of autofluorescence of the subretinal material and help rule out any differential diagnoses and
associated lesions

- Spectral domain OCT: dense slices of the macula and a horizontal and vertical slice. This is important
due to the sloped shape of the material during resorption. The nature of any associated drusen can be
better determined using these macular slices than by examining the fundus.

- Enhanced depth imaging through the fovea, to assess choroidal thickness, which typically increases.
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Fig. 5: Extensive molecular atrophy with distinct edges complicating AFVD in an 82-year-old female patient.
Visual acuity 20/250, Parinaud scale < P14. Peri-atrophic, hyperautofluorescent border; hyperautofluorescent peripapillary pigment
epithelium changes linked to associated pattern dystrophy appearance. Note the disappearance of the subretinal material in the

OCT image.

Fig. 6: Colour fundus photograph of AFVD showing the
accumulation of yellowish material.
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Adult-onset foveomacular vitelliform dystrophy (AFVD)

Fig. 7: Multimodal imaging of a 67-year-old female patient with both AFVD and reticular pseudodrusen.
Left: Colour fundus photograph showing the accumulation of yellowish material. Middle: Infrared (IR) photograph.
Right: Blue-light autofluorescence photograph.

Fig. 8: Multimodal imaging of a 56-year-old male patient with AFVD and bilateral associated pattern dystrophy.

Top: SD-OCT showing the accumulation of material in the form of a regular, homogeneous, hyperreflective lesion above the retinal
pigment epithelium. Bottom left: Infrared (IR) photograph. Bottom right: Autofluorescence photograph showing the accumulation
of material and reticular lesions.
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Fig. 9: AFVD in OCTA and en-face OCT.

Top left: En-face OCTA slice: Hyperreflective vertical line nasal to the fovea, caused by an artefact. The corresponding OCT B-scan
(bottom left) does not find any flow here. It is the result of incorrect segmentation and there is no neovascular complication. Right:
En-face structural OCT.

2) AFVD and OCT-angiography

In general, there are several types of artefacts that can impact on the quality of the images. Clinical
experience and an analysis of the literature show that the following artefacts are most common in AFVD:

- Projection of the superficial capillary plexus

- Segmentation errors linked to the deposit of material, which disrupts the automatic recognition of the
anatomy of the normal retinal layers

- Movement artefacts: certain patients with severe forms of the disease (in particular, those with
neovascularisation and atrophy) may have difficulty holding their gaze, and image acquisition can
therefore be difficult.

When diagnosing choroidal neovascularisation using OCTA, it is important to identify any false positives and
false negatives linked to artefacts. For example, projection artefacts—caused by a hyperreflective retinal pigment
epithelium—cause variations in the reflected light, which are then interpreted as movement by the OCTA device,
leading to numerous false positives, such as for drusenoid PED. We have also observed this type of artefact
within the subretinal material, associated with artefacts linked to incorrect automatic segmentation (Figure 9).
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The scientific literature concerning imaging for CNV associated with AFVD can be summarised as follows:
- CNV can be assessed qualitatively: it is clearly visible in OCTA, with good sensitivity and specificity
- The sensitivity of OCTA is better than or equal to that of angiography when diagnosing CNV

- Quantitative changes in retinal perfusion can be visualised for all the examined vascular plexuses.

4. Treatment

There is currently no specific treatment that affects the progression of AFVD. Unlike AMD, no studies
have found dietary supplements rich in antioxidants, omega-3, lutein or zeaxanthin to be therapeutically
effective for this indication.

However, the efficacy of anti-VEGF drugs in treating neovascular complications is well demonstrated: In
2013, Mimoun et al. published a case series of 24 patients with AFVD treated with anti-VEGF therapy
using a similar protocol to that used for AMD (three initial anti-VEGF injections in naive patients), with
anatomical and functional success. To our knowledge, no therapeutic studies have compared the different
anti-VEGF drugs in this indication. Dynamic phototherapy and laser treatment for AFVD have been found
to carry a risk of iatrogenic atrophy and were therefore dropped in favour of anti-VEGF drugs.

AFVD can be distinguished from CNV-induced serous retinal detachment through careful examination
of complementary images: numerous patients with AFVD are incorrectly treated with anti-VEGF drugs,
with no clear effect on the subretinal material.

It is important here to point out the lack of data regarding:
- Differences in treatment response compared to AMD

- The proportion of patients who respond well (the happy few) vs those with a standard response vs
those who do not respond to anti-VEGF treatment

- The impact of this treatment on the accumulation and resorption of the material, the retinal atrophy
that can accompany this resorption, and the unknown iatrogenic effects.

In the future, gene function restoration protocols may be developed for AFVD with established genetic
causes, in particular through viral vector-mediated gene therapy.
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Fig. 10: Image of a neovascular network with automatic segmentation (left) and after manual re-segmentation (right). Note the
clearer appearance of the whole neovascular membrane.
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Geographic atrophy: a new classification

1. Definition

Geographic atrophy (GA) is the atrophic or “dry” form of age-related macular degeneration (AMD). It is
characterised by atrophy of the outer layers of the retina (retinal pigment epithelium and photoreceptors),
leading to more or less total loss of retinal sensitivity (scotoma)?.

GA occurs in the late phase of age-related maculopathy (ARM), which is characterised by the presence
of drusen and/or pseudodrusen associated with pigment epithelium changes (hypopigmentation or
hyperpigmentation).

2. Risk factors

From what we currently understand, GA appears to be a multifactorial disease.

Several studies have highlighted a number of risk factors for the development and progression of atrophic
AMD (other than age), including certain diets and smoking.

In terms of genetics, two loci associated with the disease have been identified in 1932 and 10262 The
first is a locus that also includes the gene coding for complement factor H (CFH), which is involved in
the alternative complement pathway (an inflammation factor). The second locus includes “age-related
maculopathy susceptibility 2" (ARMS2)3. However, genetic counselling is only called upon in exceptional
cases.

3. Diagnosis

Diagnosis is clinical and paraclinical: a visual acuity test, patient interview and multimodal imaging are the
three key stages. The use of the ETDRS score for visual acuity is strongly recommended, since it is better
suited to poor vision. Family history and clinical history are very important in establishing a diagnosis—in
particular, the patient’'s age and the age at which the first symptoms appeared (potentially in the form
of nyctalopia). In terms of multimodal imaging, we are going to look at the three key examinations for
diagnosing GA.
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1) Fundus photography (traditional classification)

The traditional classification of GA is based on fundus photography.

The atrophic areas appear as round or polylobed whitish lesions, often multifocal, within which the large
choroidal vessels are more visible than usual (Figure 1). The edges are distinct and sometimes marked
by slight hyperpigmentation. These atrophic lesions vary greatly in position, number and size. A size of
0.05 mmZ2 was defined as the lower limit for diagnosing GA by a team of researchers in 19954

More recently, the 2013 AREDS study amended this limit: the atrophic lesion must be a minimum of
0.145 mm? (i.e. 1/4 of a disc diameter)®.

At present, several “wide-field” and “ultra-wide-field” fundus cameras are available on the market. The
value of this type of imaging lies in its ability to visualise lesions outside the arcades and more on the
periphery. While atrophic AMD always spares the middle periphery and rarely extends beyond the
arcades, the quality of wide-field images means they can usually be used to characterise macular lesions
(Figure 2).

Nevertheless, fundus photography alone is insufficient, in particular where the edges of the GA are
not easily visible. Pseudodrusen are often hard to see or not visible at all. In addition, the quality of
fundus photographs can be affected by milieu opacity or mediocre dilatation, and remains very operator-
dependent.

Fig. 1: Multicolor® and autofluorescence photographs of geographic atrophy.
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Geographic atrophy: a new classification

Fig. 2: Wide-field image of geographic atrophy.

2) Optical coherence tomography (new classification)

In 2017, a group of international retinal imaging experts put forward a new classification for retinal
atrophy based on OCT®”,

According to the authors, OCT is the best tool for this classification, which employs characteristics specific
to this type of imaging:

- OCT displays every layer of the retina

En-face reconstruction can highlight the cell loss in each layer

- OCT can detect areas of atrophy at an earlier stage

“Eye tracker” mode allows a specific area of the retina to be monitored over time automatically

OCT is the gold standard for diagnosing and monitoring exudative AMD and is a widely used tool

OCT images are very similar to histological slice images

OCT provides information on whether the fovea is affected by the disease.

The authors based their new terminology on the presence of complete or incomplete atrophy of two
structures visible in OCT: the outer retina and the retinal pigment epithelium (RPE). The combinations
thereof form four phenotypes:

e c-RORA (complete RPE and Outer Retinal Atrophy)

¢ i-RORA (incomplete RPE and Outer Retinal Atrophy)

e c-ORA (complete Outer Retinal Atrophy)

¢ i-ORA (incomplete Outer Retinal Atrophy).
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This classification is based on the fact that outer retinal atrophy (in particular of the photoreceptors) is
not necessarily associated with RPE atrophy. This is the case for atrophy due to pseudodrusen, where
photoreceptor atrophy is observed without atrophy of the underlying RPE. However, RPE atrophy is
always associated with atrophy of the overlying layer of photoreceptors. The concept of “complete” and
“incomplete” atrophy is also introduced in this classification, due to the slow progression of retinal and
RPE cell breakdown. Finally, “hypertransmission” of the OCT signal in the choroid is considered and, if
found, described as either "homogeneous” or “inhomogeneous” (used here as synonyms for “complete”
and “incomplete”).

This OCT-based classification has been validated by histological examination of donor samples in a
comparative post mortem study of OCT and histology; the OCT data and histology data were found to
match exactly.

“cRORA" is defined by the presence of the following three characteristics (Figure 3):
a) A homogeneous area of hypertransmission measuring at least 250 um
b) A missing section in the RPE line measuring at least 250 um

¢) A missing section in the overlying line of photoreceptors.

“iIRORA" does not meet any of the three “cRORA" characteristics, instead displaying inhomogeneous
hypertransmission and an irregular break in the RPE and photoreceptor lines (Figure 4).

“cORA" is defined by a complete absence of the photoreceptor line and the presence of an intact RPE
line.

“IORA" is defined by a break in the photoreceptor layer, along with an intact RPE line, and no
hypertransmission (Figure 5).

Other characteristic signs of GA are visible in OCT but are not used in this classification. The most well-

known include ghost druseng, outer retinal corrugation®, wedge-shaped subretinal hyporeflectivity® and
quiescent neovascularisation!?.
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cRORA

Fig. 3: SD-OCT of cRORA geographic atrophy.

i RORA

Fig. 4: SD-OCT of iRORA geographic atrophy.

i ORA

Fig. 5: SD-OCT of iORA geographic atrophy.
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3) Other complementary examinations

a) Autofluorescence

Autofluorescence imaging of the fundus is the gold standard for measuring GA progression in multi-
centre studies, using the semi-automatic surface quantification software "Region Finder”, developed by
Frank Holtz. It is also a very useful examination in everyday practice to confirm a diagnosis of GA and to
quantify it.

Two types of autofluorescence device are currently available on the market: blue light and green light.
Both work in similar ways.

When the RPE is stimulated by light, it responds by releasing its own physiological fluorescence. If
the RPE is damaged, increased fluorescence is generally observed around the edges of the atrophy
(hyperautofluorescence). In the case of severe damage, there is no fluorescence (hypoautofluorescence)
(Figure 1).

The average speed of atrophic progression was measured at 1.85 mm?/year by Shmitz-Valckenberg?!?
(the speed of centrifugal progression is greater than that of centripetal progression) (Figure 6).

Fig. 6: Confluent progression of GA in autofluorescence images over six years: centrifugal progression is quicker that centripetal.
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Geographic atrophy: a new classification

The main disadvantages of autofluorescence are significant glare for the patient and a lack of information
on the condition of the other retinal layers. In addition, blue autofluorescence will not work effectively
around the foveal zone due to blocking by xanthophyll pigment; near-infrared autofluorescence must be
used instead.

b) Fluorescein and indocyanine green angiography

Although they provide fairly precise images of the signs of GA, invasive examinations such as fluorescein
angiography and indocyanine green angiography are not currently indicated for the diagnosis of GA,
unless atrophy secondary to exudative AMD or to lesions at high risk of exudation, such as quiescent
neovascularisation, is suspected.

c) Optical coherence tomography angiography (OCT-angiography, OCTA)

OCTA is valuable primarily because it can detect neovascularisation (active, inactive and quiescent)
without the need to inject a dye.

Reduced vascular density has been observed at the edges of the atrophy!3. Measurements of atrophy
size are reproducible with OCTA, but this method has not (yet) been validated for randomised, multi-
centre studies.

d) Electrophysiology

Electrophysiology is not a routine complementary examination for diagnosing GA, but it is crucial in
distinguishing between GA and cone dystrophy or cone-rod dystrophy in which the cones are primarily
affected. It will primarily be of use in cases where the atrophy is not associated with hyperautofluorescent
deposits.

Conclusion

GA is diagnosed based on a careful assessment of several differentimaging findings,
plus information gathered from the patient. A new, OCT-based classification has
recently been put forward that includes histology findings for the first time. With
no treatment available at this time, better description and classification of this form
of AMD remains difficult but necessarily multimodal.
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Differential diagnoses for AMD

AMD is the most common cause of visual impairment in the developed world. However, it isimportant
to be aware of several other more rare diagnoses that have their own specific characteristics but
can be complicated by atrophy or macular neovascularisation. There are many causes of macular
atrophy. Some of these diseases can also be complicated by neovascularisation. These are often
found in younger patients than those affected by AMD, but late-onset forms are not uncommon, and
patients may present at consultations in the scarring stage.

Patient interviews, family history, clinical examination and conventional multimodal imaging (MMI)
combined with OCTA are essential for both diagnosis and treatment.

1. Pachychoroid

This new entity was proposed in 2013 and covers a spectrum of clinical presentations with shared
characteristics: reduced visibility of the choroidal vessels in the fundus, focal or diffuse thickening
of the choroid, dilation of the "pachyvessels” in Haller's layer with thinning of Sattler's layer and the
choriocapillaris, and choroidal hyperpermeability visible in the late phase of indocyanine green (ICG)
angiography.

1) Central serous chorioretinopathy

This primarily affects young men (72-88% of cases). Several risk factors have been described, including
endogenous or exogenous corticosteroid therapy and type A personality, among others.

MMl is essential to both diagnosis and monitoring. In autofluorescence imaging, RPE defects are typically
visible, associated with gravitational tracks. SD-OCT shows SRD, small PEDs corresponding to leakage
points, extension of the photoreceptor outer segments and—in chronic forms—a flat, irregular PED, fibrin,
degenerative macular oedema and outer retinal tubulation. Flat, irregular pigment epithelial detachment
(FIPED) in chronic CSCR is associated in 19-29% of cases with type 1 CNV in conventional MMI.
However, due to the RPE changes that occur in chronic forms, it is often difficult to identify this type 1
CNV. OCT-angiography (OCTA) is extremely useful in CSCR. In the literature, OCTA detects type 1 CNV
in 35-95% of cases versus19-29% of cases for conventional multimodal imaging (Figure 1). CSCR with
or without neovascularisation can be mistaken for exudative AMD.

2) Pachychoroid neovasculopathy

Type 1 CNV associated with a pachychoroid and with no other cause of CNV (AMD, myopia, inflammatory
diseases etc.) has been termed “pachychoroid neovasculopathy”.
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Fig. 1: Multimodal imaging and OCTA of the left eye of a male patient with central serous chorioretinopathy complicated by type 1
choroidal neovascularisation.

Colour fundus photographs (A). Autofluorescence image showing retinal pigment epithelium changes and gravitational tracks (B).
Late-phase fluorescein angiography showing macular pinpoints (C). Pachyvessels are visible in the early phase of ICG angiography
(D), along with late hyperpermeability (E). OCTA with manual segmentation, showing an area between the retinal pigment
epithelium (RPE) and 30 microns below it with neovascular flow (F). The flow is also visible in the corresponding B-scan (H). EDI-
OCT shows a FIPED associated with a SRD and a thick choroid measuring 460 microns (G).

3) Polypoidal choroidal vasculopathy (PCV)
Pachychoroid neovasculopathy and CSCR with type 1 CNV can be complicated by polyps in 36% of

cases. Type 1 CNV is the equivalent of the branching vascular network. Recently, a new term has been
put forward for PCV: “aneurysmal type 1 CNV”, but this remains controversial.
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Differential diagnoses for AMD

2 . E MAP (extensive macular atrophy with pseudodrusen-like appearance)

EMAP was described in 2009 by Prof. Hamel’'s team in Montpellier and is characterised by an atrophic
macular lesion associated with reticular pseudodrusen. It generally affects younger patients than atrophic
AMD (around 50 years old). It progresses more quickly and the symptoms are central scotoma associated
with nyctalopia, which must be identified by interviewing the patient.

The macular lesions are bilateral and symmetrical, with a vertical main axis. Diffuse squamous lesions can
be seen in the peripheral areas. The lesions may be complicated by macular neovascularisation, which
responds fairly well to anti-VEGF intravitreal injections.

A full-field electroretinogram (ERG) will confirm a change in the rod system response consistent with
nyctalopia, but a normal ERG does not rule out the diagnosis.

No predisposing genetic factors have been identified, but within a large national French cohort, patients
seemed more likely to be female, with no particular history, and of menopausal age (Figure 2).
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Fig. 2: Multimodal imaging of a 65-year-old female patient with progressive loss of visual acuity and a central scotoma, associated
with disabling night vision impairment.

(A) In the autofluorescence photo, the area of atrophy is not particularly dense at this stage, and contrasts with the extent of the
impairment. The vertical appearance of the lesions also suggests a possible diagnosis of EMAP. (B) In the infrared photograph and
SD-OCT (C), the reticular pseudodrusen and macular atrophy with complete restructuring of the ellipsoid zone are also supportive of
this diagnosis. (D) The atrophy in the fundus has no specific appearance, but the peripheral areas should be checked for squamous
lesions. (E) Finally, full-field ERG reveals highly altered responses, with significant dysfunction of both the rod and cone systems.
The diagnosis of EMARP is confirmed.
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3. Idiopathic macular telangiectasia

Macular telangiectasia is a morphological abnormality of the macular capillaries. It was initially described
in the juxtafoveal zone by Gass in 1968, but the currently used classification is slightly more recent.

The classification is as follows:

Type 1: Men aged over b5 years, unilateral lesion, sometimes associated with peripheral vascular
abnormalities. Cystoid macular oedema (CMO) and exudates are common

Type 2: Men or women aged under 60 years, slight bilateral juxtafoveal capillary dilatation, generally in
the temporal area within the median raphe. Risk of neovascularisation

Type 3: Men aged 50 years, bilateral occlusive vascular capillary lesion with no peripheral vascular
abnormalities.

Type 2 or “mac tel” lesions can be quite easily mistaken for neovascular AMD. These lesions are
characterised by acute bilateral macular disease, visible in SD-OCT as intraretinal spaces (with no
systematic thickening of the macula) in the juxtafoveal zone, associated in fluorescein angiography with
moderate leakage in the late phase. These cavitation-type spaces initially appear in the inner layers of
the retina, then progress towards the outer layers, with the development of secondary atrophy or, in
rare cases, subretinal neovascularisation. OCTA is a new tool that can be used to diagnose the condition
by displaying vascular abnormalities in several different retinal layers. In the early stages, rarefaction of
the deep and superficial capillary networks is observed, with focal capillary dilatations associated with
a right-angle drainage vein. Next, the retinal capillaries in the outer retina are affected as a result of
the changes in the superficial and deep capillary plexus. If subretinal neovascularisation has occurred,
OCTA can be used to diagnose the neovascularisation without fluorescein diffusion getting in the way
(Figure 3).
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Fig. 3: A 55-year-old man with decreased visual acuity and recent metamorphopsia in the left eye.

(A) The Multicolor® photograph reveals a non-haemorrhagic superior parafoveal lesion, (B) also visible in the infrared image.
(C and D) Leakage is visible around the lesion in fluorescein angiography, increasing over the course of the sequence, but the SD-
OCT image (E) shows cavitation in the inner layers of the macular with no overall increase in macular thickness, associated with
changes to the ellipsoid line, which is not typical of exudative AMD. (F) The OCTA image confirms the diagnosis of type 2 macular
telangiectasia (“mac tel”). The lesion is present in all the retinal slices, with rarefaction of the surrounding capillaries and, crucially,
a right-angle drainage vein.
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4. Inherited retinal degeneration
1) Macular dystrophy

a) Pattern dystrophy

Pattern dystrophy (or reticular, butterfly-shaped or Deutman'’s dystrophy) covers heterogeneous bilateral
autosomal-dominant dystrophies characterised by yellowish macular deposits and pigment migration. In
general, the visual prognosis is good, with a slight decrease in central vision in the elderly.

b) Maternally inherited diabetes and deafness (MIDD) and MELAS

MIDD (Maternally Inherited Diabetes and Deafness) combines diabetes, sensorineural hearing loss
and pattern dystrophy. It is linked to the A3243G mitochondrial DNA mutation. Its impact on the eye
manifests as retinal pigment epithelium changes associated with areas of macular atrophy and typical
pattern dystrophy in autofluorescence imaging.

MELAS syndrome (Mitochondrial Encephalopathy with Lactic Acidosis and Stroke-like episodes)
combines mitochondrial myopathy, lactic acidosis, encephalopathy and acute stroke-like neurological
symptomes. It is caused by mitochondrial DNA mutations. Its impact on the eye manifests as deposits in
the posterior pole and peripapillary zone, pattern dystrophy and areas of perifoveal atrophy.

c) Central areolar choroidal dystrophy (CACD)

CACD is a rare hereditary bilateral dystrophy characterised by retinal pigment epithelium changes,
followed by atrophy of the RPE and choriocapillaris. Full-field ERG and EOG are normal, while multifocal
ERG, pattern ERG and colour vision can be abnormal. Mutations in the peripherin/RDS gene are very
commonly associated with this disease.

d) Stargardt disease

This disease is genetically and phenotypically heterogeneous. It particularly affects young people, but can
sometimes be discovered later, making differential diagnosis with AMD more difficult. The most commonly
mutated gene is ABCA4 and transmission is autosomal recessive. It is characterised by flecking in the
posterior pole, no peripapillary involvement and a dark choroid in fluorescein angiography, progressing to
complete macular atrophy (Figure 4). Fundus flavimaculatus is characterised by a later onset and slower
progression. Rare cases of neovascularisation have been described in the literature.

e) Best disease

Best disease is autosomal dominant and of variable penetrance. Itis characterised by the appearance of a
vitelliform macular deposit in young adults or children, and progresses through five stages: previtelliform,
vitelliform, pseudohypopyon, vitelliruptive and atrophy (Figure 5). Rare cases of neovascularisation have
been described. Differential diagnosis with AMD becomes difficult at the atrophic stage. The diagnosis
can be confirmed by examining the patient’s family history and identifying any changes in EOG response
or vitelliform material in the contralateral eye.
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Fig. 4: Multimodal imaging of Stargardt disease in a 55-year-old female patient.

The autofluorescence image of the left eye shows macular atrophy associated with pisciform
hyperautofluorescent flecks, plus a few hypoautofluorescent flecks (A). Fluorescein angiography shows a
dark choroid (B). Note the peripapillary zone is not affected. SD-OCT shows outer retinal atrophy and foveal
and perifoveal retinal pigment epithelial atrophy.

Fig. 5: Multimodal imaging of Best disease in a 34-year-old female patient.

The ultra-wide-field colour fundus photo (Optos®) of the right eye shows a single deposit of foveal vitelliform material (A). The initial
autofluorescence photo shows that the material is round and hyperautofluorescent (B). It is located in the subretinal space in SD-
OCT (C). Ten years later, the material is fragmented in the autofluorescence image (D), with regression of the material in SD-OCT
(E), triggering off the beginnings of foveal atrophy.
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2) Retinal dystrophy beyond the macula: cone and cone-rod dystrophy

Genetic cases of retinal dystrophy can be discovered very late. If a patient presents with an atrophic or
exudative macular lesion, it can be easily confused with AMD, particularly in the presence of macular
oedema and, in rarer cases, neovascular complications.

If the retinal imaging (OCT, autofluorescence) or patient history are atypical, it is important to look for
photophobia, nyctalopia or a family history of retinal disease, as well as associated signs in the fundus,
particularly in the retinal periphery (e.g. osteoblasts or white spots). Electrophysiological examination
should also be considered (full-field ERG, electro-oculogram, multifocal ERG). If there are any functional
abnormalities in the cone and/or rod system as a whole, it cannot simply be a case of AMD, since the
functional impairment in this case spreads far beyond the limits of the posterior pole.

In order to distinguish between macular dystrophy, cone dystrophy and cone-rod (or rod-cone) dystrophy,
it is useful to examine the initial symptoms (nyctalopia or photophobia), family history, associated signs
in the fundus and the percentage reduction in the cone and rod system response ranges in full-field ERG
(Figure 6).
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Fig. 6: 82-year-old woman monitored for several years for atrophic AMD.

The atrophic lesions in the fundus (C) are extensive and the patient reports a considerable loss of independence, although the fovea
remains unaffected (A and B). Further discussion with the patient reveals consanguinity, photophobia dating back several years
and, recently, nyctalopia: a full-field ERG is therefore performed. (D) The ERG responses confirm cone-rod dysfunction, compatible
with a diagnosis of cone-rod dystrophy, probably of genetic origin and autosomal recessive.
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5. Drug toxicity

1) Synthetic antimalarials
Synthetic antimalarials (SAMs) are widely used to treat chronic inflammatory diseases.

Their toxic effects on the retina have been known for a long time, but the mechanism by which this occurs
remains poorly understood. Prevalence varies depending on the dose and treatment duration: the main
risk factor is the daily dose, correlated with actual weight.

In the early stages, the effects of SAM toxicity cannot be confused with AMD: it is characterised by
thinning of the ellipsoid zone and the outer nuclear layer, which has a “flying saucer” appearance. In the
late stages, the RPE atrophy begins to look like a bull's-eye, but can sometimes extend across a large area
of the posterior pole. It is in these later forms that differential diagnosis can become difficult, particularly
if the treatment was discontinued a long time ago, if the disease developed slowly and if the patient
presents at the age of around 60 years complaining of unexplained reduced visual acuity with significant
macular atrophy.

The diagnosis can be confirmed through targeted questioning of the patient and if there is no or only
partial foveal involvement, no neovascularisation, highly symmetrical atrophy, and, in general, changes in
the cone and rod system responses in full-field ERG (Figure 7).

2) Tamoxifen

Tamoxifen is an oestrogen blocker primarily used as an adjuvant therapy for hormone-dependent breast
cancer. Maculopathy was first identified as a side effect in 1978, and is characterised by yellowish
perifoveal deposits associated with pigment migration and angiographic leakage.

Maculopathy is also found with lower doses of tamoxifen, involving macular thinning, cavitations that
appear atrophic and, in some cases, pseudoholes. Some patients may display changes in the ellipsoid
zone and foveal photoreceptors. In these cases, the patient should be asked whether they have used this
medicine—particularly over the long term—before a diagnosis of atrophic AMD or macular telangiectasia
is made. Atrophic lesions, pigment migration and pseudocystic cavities do not appear to be reversible
upon treatment discontinuation, unlike other potential signs, such as corneal deposits and macular
oedema (Figure 8).

3) Deferoxamine

Deferoxamine is an iron and aluminium chelator used in the treatment of haemochromatosis and in
patients who receive multiple blood transfusions. Maculopathy is just one of its many side effects, and
was first identified as such in the 1980s. It primarily affects the retinal pigment epithelium, with a direct
toxic effect on the cells of the RPE and/or Bruch’s membrane, with pigment epithelium changes in the
fundus, visible more clearly in autofluorescence images. In the foveal zone, SD-OCT reveals thinning of
the RPE, with deposits, irregularities or atrophy; breaks in the ellipsoid line; photoreceptor attenuation;
and, in some cases, tubulation around the areas of atrophy. In the early stages of intoxication, OCT may
reveal a serous retinal detachment with extension of the outer segments, which resolves upon treatment
discontinuation.
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4) Ritonavir

Macular atrophy secondary to treatment with ritonavir, an HIV protease inhibitor, has never been
described in clinical studies, but has been found in numerous patients after many years of treatment
(patients may be over 55 years old before the lesions are discovered). Areas of retinal pigment epithelium
and photoreceptor atrophy are surrounded by areas of irregularity in the outer segments, interdigitation
areas and the ellipsoid zone, associated with accumulations of pigment on the retinal side of the RPE.
Crystalline deposits are less commonly seen in OCT due to their small size. It is important to contact the
prescribing doctor if this side effect is observed, as it can often go unrecognised.

Fig. 7: A 57-year-old female patient with progressive,
A TR bilateral loss of visual acuity. The fundus (A) is pale,
: Hi =1 but the atrophy is very clear, although it does not

affect the fovea. The autofluorescence photo (B) shows
i subfoveal atrophy extending to the arcades, with
areas of heterogeneous hypoautofluorescence and
hyperautofluorescence. In SD-OCT (C), the unaffected
fovea probably explains why the patient has retained

1. | e N e LI A e her independence; she has not seen a doctor despite
13 s E il dild TOE=T TS receiving synthetic antimalarials for 15 years. Finally, the
r. ol (| rEy S ‘;*—] full-field ERG responses (D) are of normal morphology,

but the amplitudes are lower, confirming a disorder of
both the cone and rod systems.

Fig. 8: A female patient presenting with decreased visual acuity during selective oestrogen receptor modulator therapy for breast
cancer.

The presence of a crystalline deposit in the fundus (A) in this context suggests this is the most likely diagnosis. The crystals
are easily visible in the infrared (C) and autofluorescence (B) images. In SD-OCT (D), the pseudo-telangiectasia, with intraretinal
cavitations associated with ellipsoid line changes also confirms the diagnosis.
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6. CAR Syndrome (cancer-associated retinopathy)

If an atypical atrophic lesion is discovered, a paraneoplastic syndrome should be suspected. This applies,
for example, if the lesions and visual acuity loss develop too quickly, if the small size of the lesions is
inconsistent with the presence of major functional impairment or if nyctalopia and/or photophobia are
described when interviewing the patient. In these cases, wider-field images should be taken (55° and
over) and angiography and full-field ERG (and/or EOG) should be conducted. If atypia is confirmed, a full
assessment should be conducted to identify any unknown cancerous lesions—including blood tests, a
PET scan and mammography—unless the patient is already known to have a tumour.

If any doubt remains as to the cause of the lesion, tests can be conducted to look for serum antibodies
specific to paraneoplastic syndromes.

The treatment is of course cancer treatment, but the prognosis for visual function often remains poor
regardless (Figure 9).
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Fig. 9: An 85-year-old female patient seeking a second opinion for atrophic AMD, since she has experienced a significant loss of
independence in recent months.

In the fundus (A), the atrophic lesion is aspecific, with several small pigmented spots superior to the fovea. The atrophy around the
fovea has a “bunch of grapes” appearance, which calls the diagnosis into question (B). In the ultra-wide-field photos (C), there are
highly heterogeneous areas of hypoautofluorescence and hyperautofluorescence, with no obvious distribution pattern. Fluorescein
and indocyanine green angiography rule out an inflammatory disease (white dot syndrome). SD-OCT (D) does not provide any
further information on the origin of these lesions. Full-field ERG (E) confirms moderate overall retinal dysfunction which—in this
patient with recent, rapid loss of visual acuity—is suggestive of a paraneoplastic syndrome. Further aetiological investigation
confirmed the presence of colon cancer, which no doubt caused the paraneoplastic syndrome.
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7. Chorioretinal inflammatory diseases

Chorioretinal inflammatory diseases particularly affect young, active people. They can cause macular
atrophy and, in rare cases, are complicated by choroidal neovascularisation (CNV), which can make the
condition difficult to differentiate from AMD in older patients or those in the scarring stage.

1) Multifocal choroiditis (MFC) and punctate inner choroidopathy

At present, some authors believe these two clinical presentations are distinct, while others believe
they lie on a continuum of the same disease. The visual prognosis for these patients depends on the
level of macular complication: active and/or atrophic inflammatory macular lesions; CNV (6.7-76.9%),
usually type 2; macular oedema (0-37.5%); and epiretinal membrane (0-11%). Fundus examination
reveals white-to-yellowish macular and/or peripheral patches progressing towards atrophy, potentially
complicated by CNV. It can be difficult to differentiate the active patches from CNV using conventional
MMI. Only 66.7% of CNV presents exudative signs in SD-OCT. OCTA has proven highly useful in this
disease due to its ability to diagnose CNV at an early stage (Figure 10). In the literature, 6-14% of lesions
thought to be active inflammatory patches in conventional MMI were found to have neovascular flow in
OCTA.

2) Multiple evanescent white dot syndrome (MEWDS)

MEWDS is an acute unilateral disease characterised by multiple white-to-yellowish retinal spots. It
particularly affects young short-sighted women. Rare bilateral cases have been described. Upon clinical
examination, these spots are associated with foveal granularity. In indocyanine green angiography, they
are more numerous and hypofluorescent in the late phase. In SD-OCT, a break in the ellipsoid line and
interdigitations may be visible near the spots, with foveal subretinal hyperreflectivity in certain cases. In
OCTA, there are no abnormalities of the choriocapillaris in conjunction with the spots, which confirms that
the lesions are located in the outer retina. In most cases, the lesions heal spontaneously within four to
eight weeks. In rare cases, this disease can be complicated by CNV, usually type 2.

3) Acute posterior multifocal placoid pigment epitheliopathy (APMPPE)

APMPPE has been described as a disease of the retinal pigment epithelium. It is characterised by the
appearance of whitish polycyclic plaques in the posterior pole, which heal spontaneously in the majority
of cases. However, relapse is possible, sometimes with atrophic macular complications or, more rarely,
CNV. The observed abnormalities may be caused by ischaemia of the choriocapillaris.
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Differential diagnoses for AMD

Fig. 10: Multimodal imaging of a 57-year-old female patient with multifocal choroiditis complicated by type 2 choroidal
neovascularisation along the edges of an area of macular atrophy in the right eye.

The colour fundus photo (A) shows several atrophic patches that are hypoautofluorescent (B). The SD-OCT slice (C) through the
superior section of the macular atrophy (dotted line in image E) shows subretinal hyperreflectivity associated with a SRD compatible
with active type 2 CNV. Fluorescein angiography shows early hyperfluorescence (D) with late leakage from the lesion (E) and a late-
phase plaque in ICG (F). Finally, OCTA shows the neovascular flow in the manually segmented slab, between the retinal pigment
epithelium and 30 microns below it (G), with flow in the corresponding B-scan slice (H), confirming the neovascular complication.
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4) Serpiginous choroiditis

Serpiginous choroiditis is a chronic, recurrent, often bilateral disease with—typically—finger-like
peripapillary lesions and centrifugal progression. It is a disease of the choriocapillaris. Patients with
this disease should be assessed for TB infection. ICG angiography shows hypoautofluorescent lesions
corresponding to ischaemia of the choriocapillaris. Hypoperfusion of the choriocapillaris has therefore
been found in OCTA regardless of the disease stage. This disease is complicated by CNV in 35% of cases.

5) Persistent placoid maculopathy (PPM)

This disease was described by Golchet et al. in 2005 as being similar to serpiginous choroiditis, with
chronic macular lesions that spare the peripapillary zone but are associated with normal or subnormal
visual acuity. In OCTA, hypoperfusion of the choriocapillaris has been found around the lesions, suggesting
that the disease could be secondary to this hypoperfusion. CNV develops in 92% of cases.

6) Birdshot chorioretinopathy

This is a rare, bilateral chorioretinopathy with an understated inflammatory reaction in the anterior
chamber, vitritis, vasculitis and whitish spots. It is strongly associated with HLA-A29. Its complications
are macular oedema (100%), epiretinal membrane, CNV (119%), atrophy and vasculitis.

7) Acute zonal occult outer retinopathy (AZOOR)

This rare retinopathy is characterised by a delineating line marking the edge of the disease progression
area; a “trizonal” pattern defined by normal autofluorescence outside the delineating line (zone 1),
heterogeneous granular hyperfluorescence of the AZOOR lesion (zone 2) and hypoautofluoresence
corresponding to the choroidal atrophy (zone 3); and multizonal progressive abnormalities. The lesions
are typically peripapillary, with centrifugal progression, but cases with centripetal progression have been
described.

Conclusion

The most common cause of atrophy and neovascularisation in patients aged over
55 years is AMD. However, several differential diagnoses must be considered,
particularly in the absence of drusen. A carefully conducted patient interview
(disease history, family history, medication), clinical examination with MMI plus
OCTA and, in some cases, additional examinations (ERG, EOG) are essential to
making the correct diagnosis and adapting treatment and monitoring accordingly.
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Differential diagnoses for AMD

Decreased Visual Acuity or macular syndrom
in patient > 55 years
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DVA: decreased visual acuity; F: fundus; FAF: fundus autofluorescence; MMI: multimodal imaging;
FA: fluorescein angiography.

Ve Main differential diagnoses for AMD
e Pachychoroid (central serous chorioretinopathy, pachychoroid neovasculopathy, polypoidal
choroidal vasculopathy)
e EMAP
e |diopathic macular telangiectasia

e Inherited retinal degeneration: pattern dystrophy, MIDD and MELAS, central areolar choroidal
dystrophy, Stargardt disease, Best disease, cone or cone-rod dystrophy

e Drug toxicity
e CAR syndrome

e Chorioretinal inflammatory diseases (MFC, MEWDS, APMPPE, PPM, birdshot, serpiginous
choroiditis, AZOOR)

-
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Micronutrition and age-related

AMD is a complex, multifactorial disease. Genetics has been shown to play a major role in
predisposition to AMD, but environmental factors—both protective and aggravating—are also
fundamental. Several genetic polymorphisms have been identified to date, notably genes involved
in the complement system (CFH, C3, C2, CFl, CFB), cholesterol metabolism (CETP, LIPC, ABCA1,
APOE), extracellular matrix remodelling (TIMP3 and COL8A1) and oxidative stress (ARMS2). While
genetics, the presence of these polymorphisms and patient age are non-modifiable risk factors,
there are other modifiable factors. The main ones are smoking, excess weight and a diet lacking in
certain micronutrients. There are three major types of micronutrients that appear to play a protective
role in AMD: antioxidant vitamins and minerals, macular pigments and omega-3 polyunsaturated
fatty acids.

1. Vitamins and minerals

AREDS Report No. 8%, published in 2001, provided the initial evidence for the protective role of vitamins
and minerals in AMD. AREDS was a randomised, multi-centre, double-blind study of 3640 patients
monitored for an average period of 6.3 years, in which the patients were divided into four categories
based on the severity of their AMD (Table 1). The patients received one of the following four treatments:
placebo (933 patients), zinc (945 patients), antioxidants (904 patients) and zinc + antioxidants
(833 patients). The administered doses of vitamin E, vitamin C and zinc were well above the recommended
daily allowances (Table 2). At five years, the probability of progression to severe AMD in the category 3
and 4 patients was 28% for the placebo group. The risk was lower—to a statistically significant extent—
in the groups supplemented with zinc (21%) and zinc + antioxidants (20%) (Figure 1). This was the first
prospective, randomised, interventional study to demonstrate a 25% reduction in the risk of progression
to severe forms of AMD in category 3 and 4 patients supplemented with zinc + antioxidants.

In terms of five-year visual acuity, the probability of vision loss of at least 15 letters in category 3 and
4 patients was 29% for the placebo group and 23% for those treated with zinc + antioxidants. One of
the limitations of the study was that it was not designed to identify whether dietary supplements reduce
disease progression in patients who already have severe AMD in both eyes.

170 « AMD: AN OVERVIEW OF CLINICAL FORMS



Category 1 | Several small drusen (< 63 pym in diameter) or no drusen

Numerous small drusen, pigment abnormalities or at least one intermediate drusen

Category 2 (> 63 pm in diameter)

Numerous intermediate drusen or geographic atrophy not involving the central

Category 3 macula, or at least one large drusen (> 125 pm in diameter)

Severe AMD in one eye or visual acuity of less than 20/32 in one eye due to non-
Category 4 severe AMD

Table 1

e Vitamin C 500 mg/day
e Beta-carotene 15 mg/day (only if patient a non-smoker)

Zinc and e Zinc oxide 80 mg/day
copper e Copper oxide 2 mg/day (to prevent anaemia)
Table 2
4 .
Progression to advanced AMD
AMD Categories 3 and 4 by Treatment Group
o/ -~
40% — Placebo
—— Antioxidants
_ — Zinc 28% _—
£ 30%  ———— Antioxidants + Zinc \/
?
o
<
= 20%
R
©
E
4 10% [
P versus A+Z - p<0.01
0% ! ! ! ! ! ! !
A 25% Risk
Reducti:)sn 0 1 2 3 4 S 6 7
Years
AREDS Report No. 8. Arch Ophtholmol. 2001;119:1417-36.

Fig. 1: Probability of developing advanced AMD over time (AREDS)
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2. Macular pigment

1) Definition

There are over 600 carotenoids in the natural world, 140 of which are edible. Three of these are the main
components of the yellow macular pigment. The three isomers in macular pigment are lutein (structurally
related to alpha-carotene), zeaxanthin (related to beta-carotene) and, to a lesser extent, meso-zeaxanthin
(an isomer of zeaxanthin). They belong to a subcategory of carotenoids known as xanthophyll pigment.
There are twenty or so carotenoids found in human serum, the five main ones being lycopene, alpha-
carotene, beta-carotene, lutein and zeaxanthin. Only lutein, zeaxanthin and meso-zeaxanthin are found
in the macula, at concentrations around 10,000 times those found in serum.

The maximum concentrations are found in the centre of the fovea, where zeaxanthin predominates.
However, lutein is found in greater concentrations than zeaxanthin in the periphery area. All three are
primarily concentrated in the Henle fibre layer (zeaxanthin mainly in the cones and lutein in the rods), but
are also found in the retinal pigment epithelium and photoreceptor outer segments.

2) Protective role of supplementation

Macular pigment improves the visual performance of the macula by reducing chromatic aberrations and
glare. It also has antioxidant properties, both direct (as an antioxidant agent) and indirect (by filtering out
short wavelengths, which provides photochemical protection via lipofuscin), as well as anti-inflammatory
properties. Zeaxanthin and lutein are not synthesised by the body and must be sourced entirely from
food. Numerous studies have highlighted the protective properties of a diet rich in carotenoids vis-a-vis
the risk of AMD.

In the 1990s, Seddon et al. were the first to demonstrate that increasing one’s consumption of foods
rich in certain carotenoids—in particularly certain dark green leafy vegetables—can reduce the risk of
developing advanced or exudative AMD3. The prospective POLA? study, conducted on 2584 patients,
proved that the risk of AMD (early or severe) reduces by 79% in subjects with high plasma concentrations
of zeaxanthin and lutein. In the Eye Disease Case Control Study Group®, subjects with higher carotenoid
serum concentrations had a markedly reduced risk of neovascular AMD. In 2003, a study by Gale* et al.
found that this risk was significantly higher in people with lower plasma concentrations of zeaxanthin.
In 2006, the CAREDS?® study found that diets rich in zeaxanthin and lutein can protect healthy women
under the age of 75 from developing intermediate AMD. Other epidemiological studies have had
similar findings?2. The AREDS?2 study also looked at omega-3 supplementation, comparing this to the
supplementation considered in the first AREDS study?3.
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3) Effect on quality of life

The randomised, double-blind, interventional, prospective LAST” study, of sound methodology, assessed
90 patients with atrophic AMD over 12 months.

The authors evaluated the effects of supplementation with lutein alone or in combination with other
carotenoids and antioxidants on macular pigmentoptical density (MPOD), measured using heterochromatic
flicker photometry (MacularMetrics® device) and in objective vision tests. MPOD increased by 36% in the
lutein group (L) and by 43% in the lutein plus antioxidants, vitamins and minerals group (L/A) (Figure 2). In
addition, visual acuity increased by 5.4 letters in the L group and 3.5 in the L/A group. Contrast sensitivity
improved in both groups, and quality of life (measured by a VF-14 questionnaire relating to subjective

recovery after glare) improved in the L/A group.

These results suggest that xanthophyll pigments play a protective role in the prevention of AMD.

-
Researchers have suggested that average MPOD
Improved 36% with Lutein Supplementation
B Right Eyes Baseline B Right Eyes Final Visit
[T Left Eyes Baseline Left Eyes Final Visit
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Fig. 2: Probability of developing advanced AMD over time (AREDS)
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3. Omega-3 unsaturated fatty acids
(vitamin F)

1) Definition

Fatty acids are referred to as "unsaturated” when they contain at least one double covalent bond
between the carbon atoms (C=C). Some of these fatty acids (such as omega-3 and omega-6) cannot be
synthesized by the body and must be provided through the diet.

2) DHA

Eicosapentaenoic acid (EPA) is partially converted into docosahexaenoic acid (DHA) and omega-3
after being absorbed through the intestines. Omega-3 has numerous biological effects on the blood
vessels and tissues, acting through signal transduction, gene expression regulation and cell membrane
remodelling. DHA is a key lipid component of the photoreceptor membranes, where it plays a crucial role
in maintaining their structural and functional integrity. In the retina, DHA increases mitochondrial activity
and has antioxidant, anti-inflammatory, antiapoptotic and antiangiogenic effects. The continual renewal
of the retinal membranes requires a constant source of omega-3. This is why diets rich in DHA and EPA
can improve retinal function and delay the development of AMD.

3) Assumed protective role

In the 2000s, numerous scientific studies found a relationship between diets rich in DHA and low in
saturated fats and a reduction in the risk of neovascular AMD.

Seddon et al. showed that increased omega-3 intake is associated with a lower risk of AMD in people
with diets low in linoleic acid (an omega-6)2. Studies by Smith W?®, Augood?®® and Merle!?, the US Twin
Study'? and the POLANUT?!® study found that more frequent consumption of omega-3-rich fish is
associated with a reduced risk of neovascular AMD. The findings of these studies show that the role of
different types of dietary lipids is complex, in particular the relationship between saturated fats, omega-3,
omega-6 and cholesterol.

In the Blue Mountains Eye Study, a clear association was observed between more frequent consumption
of fish and a reduced risk of severe AMD. Another study, conducted by Augood et al., specifically
examined the protective effect of EPA and DHA in elderly subjects and found that consuming fish oil at
least once a week protected against neovascular AMD, as did a high dietary intake of DHA and EPA?®.
In 2009, the pilot study NAT1 found that omega-3 supplementation (DHA 480 mg/day; EPA 720 mg/
day) was well tolerated and omega-3 concentration increased considerably in serum and red blood cell
membranes?®.
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Based on all these studies, it has long been assumed that dietary supplements rich in omega-3 would
reduce the incidence and progression of AMD. However, in 2013, the AREDS21723 and NAT21® studies
called into question the preventive effects of omega-3 supplementation.

NAT2 was a randomised, double-blind, prospective, comparative study conducted in patients with
unilateral neovascular AMD (CNV) receiving DHA (840 mg/day) and EPA (270 mg/day) or a placebo orally
for a period of three years. The time to bilateral involvement was not significantly different between the
treated group (19.5 £10.9 months) and the placebo group (18.7 +10.6 months). Similarly, there was no
significant difference in the incidence of CNV between the two groups (28.4% vs 25.6%, respectively).
However, an analysis of fatty acid levels in the red blood cell membranes identified a subgroup (the
upper tertile) of patients receiving the supplement who regularly had high levels of DHA+EPA in these
membranes. This subgroup had an almost 70% lower risk of developing CNV in the second eye than
those in the lower tertile (p = 0.047).

The results of the AREDS2 study (multi-centre, randomised, double-blind over five years) were
unexpected. In this study, 507 patients supplemented with EPA+DHA (650 mg/day + 350 mg/day)
developed severe AMD compared to 493 in the control group treated with the AREDS formula (HR
0.97;95% Cl 0.82-1.16, p = 0.7), which suggests that omega-3 does not provide significant additional
protection. However, it may be that the study design prevented any potential prophylactic effect of
omega-3 from being demonstrated, given the low DHA intake during the study, the use of DHA ethyl
ester and the failure to check actual capsule consumption by measuring membrane fatty acids.

It should be noted that there are several factors that could affect the reliability of these studies, including
patient consumption of relevant functional foods, additional unreported self-supplementation in the
control group, and treatment noncompliance in the treated group. The only way to truly identify the
benefits of omega-3 on a slowly progressing disease such as AMD is to measure membrane fatty acids.

4) Interactions with the genotype

Complex interactions between genotype and diet should not be underestimated. A study by Reynolds
et al.'® found that subjects who are homozygous for the genotype ARMS2/HTRA1, which confers a high
risk of AMD, can be protected from geographic atrophy by increased DHA intake. Those who do not have
the genotype for this risk are not protected. Similarly, Merle BM et al. suggest that a genetic predisposition
to AMD resulting from the CFH Y402H variant limits the benefits of DHA supplementation?. Regardless,
it appears that people with a genetic predisposition to AMD can potentially benefit from taking omega-3
supplements. Pragmatically speaking, since the risk of taking omega-3 is low®, the potential benefits can
be considered greater than the risks, and the consumption of omega-3-rich supplements can therefore
be recommended.
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4. Dietary advice

A healthy, varied and nutritionally balanced diet can complement standard medical treatments. Patients
can be advised to follow a diet rich in certain vitamins, minerals and omega-3.

Lutein and zeaxanthin are found in cabbage, broccoli, spinach, turnips, lettuce, peas, sweetcorn, green
beans, carrots and celery. These can be recommended for consumption four times a week.

Vitamin E can be found in vegetable oils, nuts and seeds (walnuts, hazelnuts, almonds, pecans, pine nuts
and sunflower seeds) and fresh fruit and vegetables (fennel, peas, salsify, avocado, spinach, parsley,
cabbage, kiwi, blueberries, mango and chestnuts). Two tablespoons of a variety of vegetable oils should
be consumed daily, along with plenty of the aforementioned fresh fruit and vegetables.

Foods rich in vitamin C include fresh vegetables such as peppers, broccoli, cauliflower, cabbage, fennel
and spinach—particularly when eaten raw—and fruit such as kiwi, citrus fruit, blackcurrants, strawberries,
mango, blackberries, redcurrants, passion fruit, raspberries and melon. One raw vegetable and one fruit
is recommended at every meal. High concentrations of omega-3 are found in oily fish (salmon, herring,
trout, mackerel, sardines and tuna), nuts, and rapeseed, walnut and soya oil. Oily fish should be consumed
at least twice a week. The main zinc-rich foods are meat, vegetables, eggs, wholegrain cereals, fish and
dark chocolate.

After discussing diet and lifestyle, vitamin supplements can be offered to patients
with advanced, unilateral AMD, since these seem to have a protective effect,
reducing the risk of bilateral involvement at five years by 25%, according to the
AREDS study?.,
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Treatment protocols for exudative AMD

Anti-VEGF intravitreal injections are the first-line treatment for sight-threatening exudative AMD.
Three anti-VEGF drugs have been proven effective for this indication: ranibizumab, aflibercept and
bevacizumab. The first two have an MA in France, while the third has a “temporary recommendation
for [off-label] use” (“RTU”) in hospitals.

The treatment regimens can be subdivided into two broad categories: a “reactive” regimen, which
delivers the treatment after a relapse has occurred, and a “proactive” regimen, which treats the
condition “a priori” before a relapse happens.

1. Reactive regimens

1) Simple PRN (“pro re nata” or “as needed”)

After an induction phase of three injections each administered one month apart, the patient is monitored
on a strict monthly basis. One or more further anti-VEGF injections are given if the disease is reactivated of
if there are still signs of disease activity (Figure 1). The standard activity criteria for neovascular AMD are:

- Areduction in visual acuity of more than five letters (on the ETDRS scale) compared to the previous
examination, attributable to choroidal neovascularisation

- Therecent appearance of subretinal haemorrhage
- The presence of a macular serous retinal detachment
- The presence of intraretinal oedema spaces

- Significant expansion of a vascularised pigment epithelial detachment or signs of disease activity
revealed by fluorescein angiography! or indocyanine green angiography

- Hyperreflective subretinal lesions in OCT?, which are also considered to be signs of neovascular
activity.

Practitioners must be aware of these signs and take them into account when making treatment decisions2.

=
=
=
=
=
—_
=
ER="%
=
=

Month 0 1 2 3
B o v o,
2 months after induction Same for M9

Exudation requiring IVI

In total, after 12 months of monitoring, the patient had an induction phase with 3 intravitreal injections (IVI)
Strict monthly check-ups revealed 2 relapses, which were retreated

Total of 5 IVIs in the first year

Fig. 1: Diagram of PRN protocol.

180 « AMD: AN OVERVIEW OF CLINICAL FORMS



o gt s N i A E=T] Ak FOTR

Fig. 2: Example of type 2 neovascularisation treated with anti-VEGF and monitored based on the PRN regimen, with two relapses and visual
loss due to subretinal fibrous scarring.

A: Initial presentation: exudative lesion in the central macula, with pre-epithelial hyperreflective material, intraretinal fluid and intraretinal
cysts in the central fovea. B: En-face OCTA shows the presence of flow, with a characteristic jellyfish appearance. C: One month after the
induction phase with three anti-VEGF intravitreal injections (IVI): the intraretinal and subretinal fluid has disappeared, as have the intraretinal
cysts. Anatomical response is good. D: First relapse two months after the last IVI: reappearance of intraretinal fluid with thickening of the pre-
epithelial hyperreflective structure (CNV) and diffuse, very mild retinal thickening (arrow). An injection is given. E: Anatomical improvement
after the fourth IVI. F, G: Major relapse despite regular monthly monitoring, causing a major, irreversible loss of visual acuity due to fibrous
scarring of the central fovea (star). H: Visual acuity curve (based on ETDRS letter score) during the monitoring period. The irreversible drop in
visual acuity after the second major neovascular relapse can be seen, caused by subretinal fibrous scarring (the vertical dotted lines represent
the anti-VEGF IVIs).
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The PRN regimen was found to be highly effective in the PrONTO?! uncontrolled pilot study in terms of
improving and maintaining visual acuity over 24 months. Randomised, controlled trials have proven its
non-inferiority compared to strict monthly treatment (the treatment method used in the pivotal MARINA3
and ANCHOR* studies): see the HARBOR?® study and CATT® study for ranibizumab.

However, its transposition into clinical practice (real-life studies) has been a resounding failure, both in
France’'® and worldwide!!!2. There are many reasons for this failure, but the two main ones are doctors’
inability to impose strict monthly monitoring, and a lack of patient compliance with this schedule due to
comorbidities and transport problems?3,

Not being able to treat patients in a timely fashion and waiting for relapse can result in fibrotic lesions and
irreversible loss of visual acuity'* (Figure 2).

2) “Reinforced” and “capped” PRN

In 2009, Lala et al.'® introduced the concept of a “relapse treatment” involving three injections at one-
month intervals (instead of the single injection recommended in the PrONTO study). Their retrospective,
single-centre study of 316 patients used a treatment protocol comprising a 3-injection induction phase
followed by monthly check-ups with repeat treatment as needed. Relapses were treated with three
monthly injections, while stable patients were treated every three months as standard. The average
visual improvement after 3 years of follow-up was 8 letters for an average of 17 injections over a 3-year
period.

This “reinforced” protocol was also used in the IVAN'® study (a prospective, multi-centre, randomised
study of 610 patients), which found that “reinforced” PRN was as effective as monthly treatment, but
with an average of 7 injections per year (versus 12 for the monthly protocol).

2. Proactive regimens (before relapse)

1) “Treat and extend” or “inject and extend”

This regimen involves administering treatment at variable intervals depending on whether or not the
retina appears dry during the patient’'s check-up. At each check-up, the patient is automatically retreated
with an anti-VEGF injection, and the “dry” or "not dry” status of the retina determines not whether
retreatment is required, but how long it will be until the patient's next check-up and treatment. Hence the
name “treat and extend”.

What does this look like in practice? (Figures 3 and 4)

Patients are treated monthly during the induction period, until the exudation completely disappears in
OCT. Once no exudation remains, the time to the next visit and treatment is increased by two weeks
(check-up and treatment at six weeks). If at six weeks, the ophthalmologist does not detect any signs of
relapse, the patient is given an injection (“treat”) and the time to the next visit and treatment is increased
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(“extend”) by two weeks (check-up at eight weeks). If at eight weeks, there are still no signs of relapse,
the patient is given an injection and the time to the next visit and treatment is extended by another two
weeks (check-up at ten weeks). This “treat and extend” interval for simultaneous visits and treatments
can be extended up to 12 weeks?” and even 16 weeks. However, if during a visit, the examination reveals

disease activity, the patient is retreated and the time to the next check-up and treatment is reduced by
two weeks!8-20,

For aslong as the retina remains wet, the check-up and retreatment interval will be reduced by two weeks
each time, down to a minimum of four weeks between two injections (based on the recommendations for
the use of anti-VEGF drugs).

The “treat and extend” strategy therefore meets the need for personalised treatment insofar as it seeks
to determine for each patient the longest duration for which the treatment will remain effective before
relapse occurs.

Once this interval has been determined, the strategy requires reinjection just before relapse in order to
reliably maintain a dry retina (unlike the PRN strategy, which reinjects after relapse occurs).

Induction « Inject and Extend »
A ! N N\ A\ N N N\ I N\ N\ N A\ I
v are U U U U U U U U U U U
EonEuen N spoauss il Eonuses [ [V[E[o [ [V[E[o Vo] a0
T T T T T T T T T T T
Month 442 6+2 8+2 10-2
=6 weeks =8 weeks =10 weeks =8 weeks

-
N

Follow-up i i == =] i i

visit

(Visual Acuity, Oct) NR NR P NR
Disease

progression NR: No relapse - P: Disease progression

Fig. 3: Diagram of the “treat and extend” (or “inject and extend”) protocol

The first check-up after the three induction phase VIs takes place at six weeks (it could also take place at four weeks). If the patient
is dry, another VI is given and the time until the next check-up and IVI is extended by two weeks, i.e. to eight weeks. However, if
the lesion is active, the IVl is given and the time to the next check-up is shortened to four weeks (or maintained at four weeks) and
will remain at this length until the retina dries out.
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2) Bimonthly fixed-interval treatment

This is the treatment regimen required by the 2014 European MA for aflibercept, based on the results of
the VIEW?! studies, which compared aflibercept 2 mg administered every two months after an induction
phase of three monthly injections to ranibizumab 0.5 mg/0.05 ml administered every month. The study
demonstrated the non-inferiority of aflibercept. The administration guidelines for aflibercept 40 mg/ml
were amended in 2018, and fixed bimonthly treatment can now be replaced with a “treat and extend”
regimen after the induction phase of three monthly injections.

Fig. 4: Example of a “treat and extend” protocol

Al: Fundus photograph: initial presentation of type 1 neovascularisation.

A2: HD-OCT: a vascularised pigment epithelial detachment, a major serous retinal detachment and a pre-epithelial hyperreflective
structure (grey). Treatment begins with an induction phase of three anti-VEGF [Vls.

B: OCT six weeks after the induction phase: the PED has reduced in height and the SRD and pre-epithelial grey area have
disappeared. An injection is given and the patient is scheduled to return six weeks later for a check-up and another IVI.

C: No signs of relapse. The interval between treatments is extended to eight weeks.

D: After eight weeks, there are signs of neovascular relapse, with retinal thickening, a SRD and hyperreflective intraretinal dots. The
IVIis given and the time to the next check-up and IVl is shortened to six weeks.

E: VA progression curve (based on ETDRS score) during the “treat and extend” period for this patient. Patient monitored for a total
of 40 months, with an increase in VA of 37 letters, 26 IVIs (9 the first year, 8 the second and 6 the third).
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3. Progressive regimens

The France Macula federation has developed a progressive regimen called 10! (Induction, Observation,
Individualisation), which—after an induction phase of three monthly injections—involves monitoring
progression every month for around six months and treating reactively (observation). A relapse pattern is
established for the treated eye and the maintenance treatments are administered based on this pattern
(individualisation)?? (Figure 5).

For example: a patient is treated with three induction injections then is seen monthly. The first relapse
is observed between four and eight weeks after the third injection. The patient is treated and their next
injections scheduled for six weeks' away. Treatments with two or three injections—carried out with or
sometimes without a prior OCT examination—are therefore possible. As a result, the treatment becomes
less of a burden for both patients and medical teams, with less of an impact on patient quality of life. This
concept of a relatively fixed relapse pattern, individual to each patient, is demonstrated in Mantel et al.?3.

After each round of treatment (two or three injections) based on the identified relapse pattern, a full
functional and anatomical assessment needs to be carried out to check whether the relapse pattern
has changed. If the retina has dried out, the period between treatments can be extended by two weeks.
Conversely, if fluid is found, the reinjection period must be shortened by two weeks. It is important to
check the condition of the contralateral eye at least once every four to six months, and as a matter of
urgency if the patient reports problems.

Induction Observation Individualization
A A A
| | ] |
Check-up 1 2 3 4
visit
VI 1 2 3
Diagnosis Exudation Check-up at 10 weeks after IVl 6
12 weeks after 1VI 3 Dry retina
The relapse time is between Spread out by another 2 weeks
8 and 12 weeks 2 IVIs scheduled at 12 weeks
2 or 3 IVIs scheduled
at 10 weeks

Fig. 5: Diagram of 10l protocol (injection, observation, individualisation)
After the first three induction IVIs, an observation phase begins, where the patient is checked monthly, with treatment as needed if

relapse occurs (PRN). This phase lasts six to nine months, during which the patient’s relapse profile is established. At the end of this
observation period, the treatment is individualised based on the patient relapse profile, in anticipation of further relapses.
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4. Combined anti-VEGF
and photodynamic therapy

Combined anti-VEGF (ranibizumab) and verteporfin photodynamic therapy (vPDT) has proven effective
atimproving visual acuity and reducing the size of polypoidal lesions?*. However, the EVEREST study—a
randomised study of 61 patients comparing ranibizumab as monotherapy with combined ranibizumab-
vPDT therapy—was not able to prove the superiority of the combined therapy in terms of improving
visual acuity beyond six months?.

The EVEREST Il study—a large, randomised, controlled, multi-centre study conducted in 322 Asian
patients and lasting 24 months—compared the long-term effects of the combined therapy to ranibizumab
as monotherapy in polypoidal choroidal vasculopathy?®.

All the patients received three initial monthly injections of ranibizumab and were then monitored as per
the PRN regimen. The patients were randomised to also receive either vPDT or no vPDT (sham-PDT
group). At 12 months, the combined therapy group had an improvement in VA of 8.3 letters versus
5.1 letters for the monotherapy group (p = 0.01), with 4 IVIs versus 7 for the monotherapy group. It would
therefore appear that for polypoidal choroidal vasculopathy which remains active after induction with
three anti-VEGF [VIs, combined therapy is superior to monotherapy?®.
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Artificial intelligence and AMD

1. Definition

Artificial intelligence (Al) is currently one of the most promising and dynamic fields of research in the
medical world. It is a new area of medicine and it is important to understand the new vocabulary and
concepts that come with it.

1) Artificial intelligence

Al refers to all the theories and techniques used to develop programs capable of simulating certain
aspects of human intelligence.

2) Artificial neural networks

An artificial neural network (Figure 1) is an information system based on a network of units known as
artificial neurons, which are organised in layers. Each neuron receives information through its dendrites

and then activates or inhibits one of the neurons in the next layer via its axon. The message is thus sent
down from the first neural layer into the last.

Artificial neuron

Input Output

Input 1 » Weight 1

Neuron
Input 2 » Weight 2 ‘ .
Activation
or inhibition
of the next
Input 3 +» Weight 3 neuron

Fig. 1: Representation of an artificial neuron.
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3) Machine learning

Machine learning (ML) is one of the techniques used in Al. It involves analysing a set of markers or
characteristics by means of data (e.g. retinal thickness in an OCT image or number of haemorrhages). The
Al algorithms learn to identify and categorise these characteristics based on a set of examples provided
in advance. The efficacy of these traditional models of automatic learning depends primarily on how easy
it is to distinguish between the selected characteristics. In traditional machine learning, the task of the
engineer (or doctor) is therefore to manually define the characteristics specific to the field in question.

— 5 Normal
retina

Input Extraction Classification Output
of characteristics

Fig. 2: Principle of machine learning.

4) Deep learning

Deep learning (DL) is a type of machine learning. DL involves a series of different neural layers. Each
neural layer breaks down the input signal into increasingly abstract data and transfers the information via
its synapse to the next neural layer. The message thus descends through the layers until it reaches the
final neural layer. The network cannot only find and classify data as instructed: it can also decide for itself
what it is looking for and how it wishes to classify the data.

The value of DL lies in its capacity for feedback, which enables it to learn from its mistakes and improve

the sensitivity and specificity of a diagnosis. This feedback mechanism is known as “back propagation”.
The main advantage of DL is therefore that its performance continually improves (Figure 3).
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Fig. 3: Principle of deep learning.

2. Application to AMD

1) Diagnosis

- Screening
One of the main uses of Al in a disease such as AMD is to screen for at-risk and affected patients.

Burlina et al.! compared deep learning with “human” diagnosis using fundus photographs to determine
the presence of AMD. They achieved a sensitivity of 88%, a specificity of 93% and a precision of 90% (in
artificial intelligence, the term “precision” refers to the percentage of correctly categorised images). The
results in the DL group were similar to those obtained in the human group. However, fundus photography
is clearly not the best examination for diagnosing AMD.

- Drusen

One of the first studies to use Al in AMD was conducted by Van Grinsven et al.?3. The authors used
ML capabilities to identify drusen and reticular pseudodrusen. In their study, ML performed similarly
to humans when detecting drusen. The area under the ROC curve was 0.95 for drusen and 0.94 for
pseudodrusen.
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- Diagnosing AMD

Several papers look at ML performance in AMD diagnosis. One of the first papers published was by
Srinivasan et al%, who obtained a sensitivity of 100% for AMD and diabetic oedema in 45 patients (15
with AMD, 15 with diabetic macular oedema and 15 normal).

Treder et al® used DL software (TensorFlow™, Google Inc., Mountain View, CA, USA) to diagnose
exudative AMD from an OCT slice. After a training phase, they obtained a sensitivity of 100% and a
specificity of 92% (precision 96%) across 100 patients (50 healthy, 50 diseased).

The same team® also studied DL in the diagnosis of geographic atrophy (GA) using autofluorescence
imaging. The authors compared images of patients with GA to normal patients and patients with other
retinal diseases. They obtained a sensitivity and specificity of 100%.

In addition to diagnosing AMD, Al can be used to categorise patients with AMD. Venhuizen et al.” used
ML to separate patients into five grades (no AMD, early AMD, intermediate AMD, advanced AMD and
GA). They achieved a sensitivity of 98% and a specificity of 91%.

Finally, once a diagnosis of AMD has been made, DL can be used to select a treatment. Prahs et al®
attempted to identify anti-VEGF requirements among patients with exudative AMD. They obtained a
precision of 94.5% (sensitivity of 90.1% and specificity of 96.2%).

2) Prognosis

- Prediction of visual acuity

Schmidt-Erfurth et al.? tried to find a model to predict visual acuity at one year in patients presenting with
exudative AMD.

- Prediction of IVI requirements

Bogunovic et al.l° predicted the IVI requirements for a patient over the first two years of treatment. The
authors used the HARBOR study cohort to determine whether it is possible to identify if a patient will
require a large number of IVIs (>16 injections over 21 months) or a low number of IVIs (<5 injections over
21 months) after the induction period. The predictive model detected patients with “low VI requirements”
to a specificity of 71% and a sensitivity of 58%, and patients with “high IVI requirements” to a specificity
of 71% and a sensitivity of 70%. The “*human” prediction achieved sensitivities of just 41% and 37% and
specificities of 84% and 84%.

- Risk of conversion to AMD

Schmidt-Erfurth etal.!! studied the risk of a patient presenting with ARM converting to atrophic or exudative
AMD after two years. They used morphological as well as demographic and genetic characteristics to
determine this risk. In their model, the area under the ROC curve for conversion to exudative AMD was
0.68 (for a sensitivity of 0.80, the specificity was just 0.46). For conversion to atrophic AMD, the area
under the curve was 0.80 (for a sensitivity of 0.80 and a specificity of 0.69).
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3. Future perspectives

Al is a powerful tool that offers infinite possibilities. The role of doctors in the future has been firmly called
into question.

With regard to AMD specifically, the potential usefulness of patient self-monitoring is already being
considered. Devices already exist that allow OCT images to be taken at home?2,

Fundus camera software is also available for smartphones!3!4.

Combined with intelligence capable of making diagnoses and suggesting treatment, this recent progress
will undoubtedly improve patient care and lead to a new role for the healthcare provider—one that has
yet to be defined.
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