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Preface

Macular degeneration is one of the leading causes of blindness. The devastating
effect of this blinding disease becomes more obvious as people age. Leaps and
bounds of innovations and inventions have increased patient quality of life and
have helped many patients regain lost vision in neovascular age-related macular
degeneration (AMD). However, the therapeutic options for the more prevalent
variety of macular degeneration, atrophic or “dry” AMD, are lacking.

This book is a collection of chapters that focus on the disease state of macular
degeneration, issues related to the diagnosis and management of AMD, treatment
considerations, and vision rehabilitation. The introductory chapter sets the tone for
the book with general issues related to AMD pathogenesis. The section on diagnosis
and management talks about using optical coherence tomography to aid clinical
management as well as highlights the importance of discussing with patients the
concept of health promotion and issues related to good diet and supplementation for
atrophic AMD. The next section delves into anti-vascular endothelial growth factor
therapy (anti-VEGF), which is the standard of care in AMD, and new modalities

of drugs under development for the disease. One would hope that with early
management and interventions we could potentially avoid the need for low vision
and vision rehabilitation, but this remains an aspiration for now. Thus, the final
section discusses vision rehabilitation and new strategies and advances in this area.

A multi-author edited book is never complete without contributions from

experts in the field. I am grateful to all the contributing authors and the reviewers
that helped shape this book. A special thanks goes to Author Service Manager

Ms. Romina Rovan at IntechOpen for her tireless efforts in seeing this book to
completion. Most importantly, I am grateful to my family and my dear wife Payal,
and my kids Ved and Jash, who allowed me to dedicate myself to scientific pursuits.
Payal, Ved, and Jash, you are truly the support that enables me to do all that I do
and for that I am grateful.

Pinakin Gunvant Davey
Western University of Health Sciences,
Pomona, California, USA
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Chapter1

Introductory Chapter: Advances in
Management of AMD

Pinakin Gunvant Davey

1. Introduction

The road from research to clinical care is a long one due to various reasons
and is not entirely unjustified. In the urge for progress and “new science,” one
should remain vigilant in assuring that no harm is caused to the patients we serve.
To this accord, the anti-VEGF therapy and the AREDS trials [1, 2] have been a
game-changer in management of neovascular and atrophic macular degeneration
(dry-AMD). The AREDS trials gave us evidence-based guidance on when and how
to manage to prevent the progression of the disease. Whereas the neovascular
AMD the vision loss is sudden, the dry-AMD the vision loss is slow and patients are
unaware of the changes undergoing in their eyes. Like many other chronic dis-
eases, dry AMD suffers from issues related to early diagnosis. The drusen that is so
hallmark of dry-AMD are also seen in individuals that do not have AMD or at least
not yet. How does one go about determining when the changes in retina are “nor-
mal” age-related changes or the onset of early dry AMD? The AREDS simplified
grading scale [3] for AMD is a good start and the Beckman Classification System [4]
improves upon the AREDS simple classification system. In the early stages of the
disease dry-AMD does not show overt changes in visual function like visual acuity
changes but if more challenging tasks are presented like visual function in dim
illumination one indeed shows a decline. When an individual presents with a chal-
lenge in diagnosis or if the doctor would like to detect progression of the disease one
could utilize extended functional testing to determine changes to visual function.

2. Functional testing and dry-AMD

Doctors have used screening color vision tests like red cap tests, Ishihara, and
d-15 very successfully and they indeed have their place in our clinics. However,
when investigating early visual dysfunction one may need quantifying threshold
strategies. The Rabin Cone Contrast Test® is a threshold test that is helpful as an
early detection strategy for various diseases. The use and benefits of color vision
testing in early detection of disease and its progression is not a new concept.
Numerous diseases such as diabetes cause changes to color vision prior to the onset
of retinopathy [5]. The Duke University School of Medicine researchers used a
variety of visual function tests and structural measurements to identify progression
in early AMD and intermediate stage AMD [6]. The overarching goal was to detect
progression in AMD in a short period of time and to identify useful endpoints
for future clinical trials. They utilized Rabin Cone Contrast Testing® to isolate
the three cone types and determine the cone contrast thresholds. This device uses
precise calibration, and letter optotypes in red, blue, or green color that a patient
is asked to recognize and report. This isolates and allows testing of the individual
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cone system’s integrity whilst assuring that the other cone types are suppressed.
This longitudinal study of visual function in dry-AMD showed that the Rabin cone
contrast testing was able to detect changes in color vision due to progression of
dry-AMD within a period 12-month [6]. These results highlight the fact that detec-
tion of progression in a short duration allows possibility for early intervention and
prevention of progressive vision loss.

3. Measuring macular pigment may be key to appropriate care

One does not expect a general physician or endocrinologist to manage diabe-
tes without blood glucose measurements or Alc values and yet eye care provid-
ers often manage dry-AMD without knowing baseline macular pigment optical
density (MPOD) values. It is true that low MPOD does not mean one has AMD,
but a lower MPOD is a known alterable risk factor of AMD. It is postulated that
early and intermediate stages of maculopathy are predominated by oxidative
stress and low-grade inflammatory activation in aging retinae [7, 8]. Thus, it is
not surprising that patients with dry-AMD benefit from treatment using antiox-
idant therapy. The MPOD is known to vary among various ethnicities [9] and its
level depends upon the dietary intake of carotenoids as they cannot be synthe-
sized in the human body [10, 11]. The supplementation of carotenoid-vitamin
therapy has indeed shown benefits in dry-AMD however these benefits are
not universal [1]. There could be various reasons for the difference in benefits
observed, for example, the amount of damage to the retina or bioavailability of
these supplements. Given that eye is the end organ that needs to benefit from
these therapies, the levels of MPOD at the fovea must increase with these thera-
pies. The current clinical gold standard in measuring MPOD is heterochromatic
flicker photometry which is a psychophysical test [10, 12]. The measurement of
MPOD clinically as a baseline and during clinical follow-up allows for assess-
ing the patient compliance to taking the nutritional supplements and assuring
that the nutritional supplements are bio-available, and carotenoids are indeed
reaching the end organs. The AREDS trials [1], unfortunately, did not measure
MPOD. This may be due to its difficulty and inability to obtain reliable mea-
surements as advanced stages of dry-AMD which is accompanied by less-than-
optimal visual acuity.

The measurement of MPOD in poor test-takers and individuals with subop-
timal visual acuity may be addressed by objective techniques of measurement of
MPOD which do not depend on or require too much subjective input. There are
various objective measures used in research laboratories that could provide a quick
and reliable measure of MPOD. These include dual-wavelength autofluorescence
techniques [13], resonance Raman imaging [14], and Macular Pigment reflectom-
etry [12, 15]. The Macular Pigment Reflectometry not only can provide a repeatable
MPOD, but also lutein and zeaxanthin optical density values [12, 15]. The MPOD
values measured using the Macular Pigment Reflectometry technique closely match
heterochromatic flicker photometry [12]. The measurement of an individual’s lutein
and zeaxanthin optical density in-vivo in a period of 30-seconds approximately
offers significant clinical advantages when applied to individualized or personalized
medicine. It could help answer various fundamental questions and enhance our
understanding of both physiological and pathological states. When personalized
medicine becomes reality, we may find that supplementing with carotenoid vitamin
therapies that are needed by an individual than “one size fits all” approach may lead
to better clinical outcomes.
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4. Does carotenoid vitamin therapy only help intermediate stage AMD?

The AREDS trials showed that supplementation with carotenoid vitamin
therapy prevented progression from intermediate to advanced stages of AMD.
Further, the AREDS-2 trial [1] showed that the carotenoid supplementation with
lutein and zeaxanthin indeed favored treatment, particularly in those that had low
serum levels at baseline. It’s a fair question to ask if the carotenoid vitamin therapy
does benefit other stages of AMD? An equally important question is what other
benefits can be seen in individuals with dry-AMD with carotenoid vitamin therapy?
These are big questions, and it would be ideal if there were additional large-scale
trials like AREDS that give us all the answers for early diagnosis, prognostic, and
new treatments when they become available. This aspiration may be in part imprac-
tical for all scientific questions and when such large trials are not available doctors
will need to evaluate all tiers of evidence available to derive clinical guidelines for
disease states. Numerous reports have shown clinical benefits, by raising the levels
of xanthophylls in the retina through dietary supplementation, thus, adjunctive
carotenoid vitamin therapy may offer enhanced neuroprotection by augmenting
MPOD and subsequently preventing further injury [16, 17]. Higher levels of MPOD
are thought to preserve retinal tissue, specifically, the layers containing photorecep-
tors in the fovea, through two primary mechanisms: (1) serving as an innate optical
filter against blue light; and (2) as protective antioxidants, by neutralizing free
radicals and reducing consequent oxidative injury [16, 17]. In a recent systematic
review of carotenoids in the management of AMD showed that there are at least 20
epidemiological studies and 35 randomized controlled trials that have evaluated
this topic [17]. These studies evaluated various facets of the topic: supplementation
and increase in serum carotenoids, MPOD, and changes in visual function. Whereas
improvements in BCVA were seen in six out of eighteen (6/18) trials, remarkable
benefits in contrast sensitivity were demonstrated in ten out of fifteen (10/15)
randomized controlled trials [17]. Improvements were also seen in glare disability,
photostress recovery time, and improvements in multifocal electroretinogram
results [17]. Thus, it was concluded that consistent evidence from large-scale
epidemiology studies, and several randomized clinical trials, substantiate the
synergic neuroprotective benefits afforded by carotenoid vitamin therapy in eyes
with any stage of AMD [17]. It is important to note that these visual benefits may be
decreased in late-stage AMD compared to early or intermediate stage AMD [17, 18].
A dose-response relationship with stronger effect and greater serum carotenoids
and MPOD levels is seen with supplementation of a greater dose of carotenoids
[19]. In a recent RCT [20] we found that six-month supplementation with a greater
amount of ocular carotenoids (28mg) and omega 3 supplement (675 DHA and 230
EPA), when compared to AREDS-2 formulation soft-gels (12 mg) not only provided
greater serum carotenoid levels but also led to significant improvements in mea-
sured contrast sensitivity in individuals at risk of AMD. Indicating that quicker and
greater visual benefits can be seen if a larger dose of ocular xanthophylls is supple-
mented to patients. There are numerous questions that remain to be answered for
example do potent antioxidants like astaxanthin reach retinal layers? Are there any
synergistic effects of these carotenoids? Scientists have answered a lot of questions
and a lot more remain.

Roughly one in eight individuals aged 60 or greater is suffering from AMD; it
is fair to say that it deserves our special attention. It was long believed that in the
chronic disease of dry-AMD not much occurs or is needed until much later in dis-
ease state; we can confidently say, that is not true. With the advancement in clinical
testing like Rabin Cone Contrast testing, we can detect this disease easily and along
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with devices that can measure MPOD we can better manage the disease and moni-
tor its progression. The objective technology of Macular Pigment Reflectometry

to measure MPOD, and individual carotenoid optical density shows promise in
personalized medicine. Also, there is sufficient data from various RCTs to recom-
mend carotenoid vitamin supplement at all stages of AMD, which may prevent its
progression but definitely provides an improvement in vision, and who does not like
an improved vision!
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Pinakin Gunvant Davey
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Chapter 2
OCT Biomarkers for AMD

Luciana de Sa Quirvino-Makarczyk
and Mavia de Fdatima Sainz Ugarte

Abstract

Age-related Macular Degeneration (AMD) is an acquired retina disease that can
potentially cause significant central visual impairment. Optical coherence tomogra-
phy (OCT) applied to the study of retinal pathologies has revolutionized the
understanding and management of AMD, especially with the technology of full-
depth imaging (FDI) Spectral Domain (SD) OCT. With the increasing amount of
data from several important studies using SD-OCT and OCT-angiography (OCT-A)
we can now better classify and more accurately decode AMD. The purpose of this
chapter is to describe the most important AMD biomarkers recently discovered
using SD OCT. Understanding AMD phenotype is very important to define prog-
nosis and individualized forms of treatment and follow up. Biomarkers on OCT
have been crucial for a better understanding of AMD.

Keywords: AMD, phenotyping, OCT

1. Introduction

Age-related Macular Degeneration (AMD) is an acquired retina disease that can
potentially cause significant central visual impairment. Advanced forms of the
disease may present as areas of retinal pigment epithelium (RPE) loss,
subretinal/sub-RPE hemorrhage or serous fluid, as well as subretinal fibrosis.
Severely affected areas may have no visual function, since loss of RPE is associated
with photoreceptor collapse.

When OCT (Optical Coherence Tomography) was not available yet, several
studies proposed classifications using a wide variety of parameters for AMD grading
systems [1-3]. In order to facilitate data comparison among those studies and
develop a core grading system using color stereoscopic fundus photography, the
International Age-Related Maculopathy Epidemiological Study Group compiled the
results of a series of meetings among groups involved in the epidemiological analy-
sis of Age-Related Maculopathy (ARM) [4].

Also The Macular Photocoagulation Study Group contributed significantly to
AMD grading, to the understanding of natural history of subfoveal neovascu-
larization as well as to the effectiveness of laser photocoagulation on juxtafoveal
neovascularizations [5].

OCT applied to the study of retinal pathologies has revolutionized the under-
standing and management of AMD, especially with the technology of full-depth
imaging (FDI) Spectral Domain (SD) OCT. With the increasing amount of data
from several important studies using SD-OCT and OCT-angiography (OCT-A) we
can now better classify and more accurately decode AMD.

1 IntechOpen
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The purpose of this chapter is to describe the most important AMD biomarkers
recently discovered using SD OCT.

2. Cuticular Drusen

Cuticular drusen were first described by Gass in 1977 and consist of a subtype of
drusen characterized by being much more numerous than small hard drusen [6].
They frequently coalesce revealing a diffuse appearance. On fluorescein angiogra-
phy (FA), they are seen as a starry-sky fluorescence pattern that is most evident
during the early arteriovenous phase. Some authors suggested that cuticular drusen
are often initially visible in the peripheral or midperipheral retina, where the rod-
to-cone ratio is the highest [7, 8]. On fundus autofluorescence (FAF), the lesions
have a central hypoautofluorescent area with a rim of hyperautofluorescence. The
central hypoautofluorescent area corresponds to the area of central
hyperfluorescence on FA.

Based on studies with light microscopy and transmission electron microscopy,
the location of cuticular drusen was determined to be at the same of hard small
drusen and soft drusen: between the inner collagenous layer of the Bruch’s mem-
brane and the basal lamina of the RPE [9, 10]. Cuticular drusen are small with steep
sides and contain a dense hyalinized component that is identical to hard drusen.
This contrasts with soft drusen, which are larger and have sloping sides.

On B-Scan SD-OCT, cuticular drusen are located beneath the RPE and imprint
the area below with a pattern of hyperreflectivity alternated with hyporreflectivity,
providing an aspect similar to a barcode sign. This aspect is due to the thinning of
the RPE at the apex of the drusen and thickening at the base of the drusen. On SD-
OCT, the height of drusen did not correlate with the area of hyperfluorescence on
FA or hypoautofluorescence on FAF (Figure 1).

e T 2 S
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Figure 1.

Cuticular drusen. Type 1 (green arrowhead): Shallow elevations of the RPE and basal laminar band. Type 2
(red arrowhead): Triangular shape vesulting in a saw-tooth appearance and hyporreflective internal contents.
Type 3 (yellow arrowhead): Mound-shaped elevations of the RPE and basal laminar band with hyporreflective
internal contents.
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The morphological features of cuticular drusen seen on SD OCT B-scans can be
categorized into 3 patterns:

1.Type 1 (33%): characterized by shallow elevations of the RPE

2.Type 2 (49%) with a triangular shape, resulting in a saw-tooth appearance,
and hyporreflective internal contents

3.Type 3 pattern (18%) characterized by broad, mound-shaped elevations of the
RPE with hyporreflective internal contents [11].

Near infra-red (NIR) images showed variable reflectivity patterns of cuticular
drusen: hyporreflective centers with a surrounding hyperreflective margin in
53.9%, diffuse hyperreflectivity in 15.2%, heterogeneous reflectivity in 3.9%, and a
combination of these patterns in 27.0%. These variations of aspects demonstrate
that the accurate detection of the cuticular drusen phenotype requires the integra-
tion of data from more than one imaging method [11].

In a very extensive multimodal analysis, cuticular drusen were shown to be
involved in the formation of: RPE clumping, large drusen, vitelliform lesions and
subretinal neovascular membranes [11]. In the entire cohort of this study, new
pigmentary RPE abnormalities were identified in 47.5% of eyes, large drusen in
45.4%, drusen resorption in 58.3% and drusen coalescence in 70.8%.

Acquired vitelliform lesions (AVL) involving the central macula were seen in
24.2% of the eyes in the study. However, visual acuity in eyes with AVLs was not
significantly different from that in eyes without AVLs [11].

Geographic atrophy (GA) was identified in the macula of 25% of the eyes. The
frequency of atrophy in patients older than 60 years was significantly greater than
in those that were 60 years-old or younger (42.9% vs. 9.4%; p < 0.001). Visual
acuity (VA) in eyes with atrophy was significantly worse than in those without
atrophy (0.32 vs. 0.14 logMAR; p < 0.001) [11].

Twelve percent of the cases were complicated by choroidal neovascularization.
The frequency of neovascularization in patients older than 60 years was signifi-
cantly higher than in those that were 60 years-old or younger (19.6% vs. 6.2%; p
< 0.014). The vast majority of cases (76.7%) were of type 1 neovascularization,
while 9 cases were a mixture of type 1 and 2 lesions. There were no cases of type 3
macular neovascularization [11-13].

3. Reticular Drusen

Reticular pseudodrusen are multiple yellowish-white lesions arranged in a retic-
ular network pattern. A distinction between conventional drusen and pseudodrusen
was first made in 1990 by Mimoun et al. [14]. More recently the knowledge on
pseudodrusen, more accurately called subretinal drusenoid deposits (SDDs), has
expanded.

Reticular pseudodrusen have an increased visibility in blue light. On FAF imag-
ing, reticular drusen are shown as numerous spots of reduced autofluorescence,
with brighter lines in-between. SDDs frequently spares the fovea and usually are
distributed at the superior macula, which has the highest rod-photoreceptor density
[15]. Such topographic characteristic is probably related to a rod-photoreceptor
association [16-18].

The fluorescein angiographic findings of subretinal drusenoid deposits are
subtle, ranging from no demonstrable change to minimal hypofluorescence.
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On NIR photography, reticular drusen are hyporreflective lesions, most of them
with a lighter center, on a hyperreflective background. The area superior to the
fovea, which has the highest rod-photoreceptor density, is the most commonly
involved. The fovea, however, is typically spared [15].

The reticular pattern may not be needed for diagnosis, but most studies have
required at least five reticular pseudodrusen lesions and multiple imaging modali-
ties for confirmation of the diagnosis.

Histologic evaluation of these deposits revealed aggregation of material in the
subretinal space between photoreceptors and the RPE. SDDs contain some proteins
that are common to soft drusen but differ in lipid composition. There is a decrease
in the number of photoreceptor nuclei above the deposits. These deposits are
interconnected, forming a branching pattern [19].

SDDs contain some proteins that are common to soft drusen but differ in lipid
composition.

On OCT scans, these lesions are shown as collections of granular hyperreflective
deposits located between the RPE layer and the ellipsoid zone (Figure 2). These
deposits are more commonly seen in older eyes with thinner choroids. Currently, it
was shown that retinal thinning in early AMD with reticular pseudodrusen was
accompanied by choroidal and retinal vascular loss, which suggests that eyes with
reticular pseudodrusen may have limited compliance with changes in ocular perfu-
sion pressure at the level of choroidal and retinal vasculature [20].

OCT has been used to classify SDD into three subtypes [21]:

1.Type 1: characterized by the presence of hyperreflective material between the
RPE and the Inner/outer segment junction or ellipsoid zone (EZ). There is no
elevation or breach of the EZ

2.Type 2: characterized by hyperreflective material that accumulates and forms a
mound over the RPE, with distortion of overlying EZ

3.Type 3 characterized by hyperreflective material that has a conical
configuration which perforates the EZ and reaches the outer retina.

Figure 2.

Reilclular drusen. The pink arrowhead indicates a stage 1 lesion where diffuse hyperveflective matevial between the
RPE and ellipsoid layer without elevation of the ellipsoid layer. The red arrowhead indicates a stage 2 lesion with
increased accumulation of hyperreflective material and distortion of the ellipsoid layer. The yellow arrowhead
indicates a stage 3 lesion that has a chavacteristic conical shape and has punctured through the ellipsoid layer.
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Many studies reported that SDDs are strong independent risk factors for late
AMD. GA and type 3 neovascularization are particularly associated with SDD.
Outer retinal atrophy develops in eyes with regression of SDD, a newly recognized
form of late AMD [19, 22].

4, Calcified soft Drusen

This type of drusen originates from classical drusen that had their colloidal
content mineralized along time. While classical drusen have a hyperreflective con-
tent due to the presence of colloid, calcified drusen have hyporreflective nodules
that correspond to hydroxyapathite crystals [23].

Calcified drusen have a glistening appearance due to calcium-containing spher-
ules and a depigmentation area around them. They present with reduced
autofluorescence. On OCT, they appear as hyperreflective dots on a hyporreflective
base, and they can cause shadowing of deeper structures (Figure 3). Refractile
deposits within drusen may indicate a higher rate of GA development.

There are three calcified structures associated with advanced AMD: 1) small
hyperreflective dots within drusen; [2] heterogeneous internal reflectivity within
drusen (HIRD) and 3) hyperreflective lines near the Bruch’s membrane. The compo-
sition of HIRD and the reason of its hyporreflectivity was not determined yet [24].

5. Subclinical Neovascular membranes

Subclinical neovascular membranes are membranes that are not exuding.
Therefore, this is an important biomarker either for an exudative form or for the
atrophic form of the disease.

Analyzing the NIR, B Scans and OCT-A, a neovascular complex can be observed
without exudation and it is providing an elevated but shallow contour of the
pigmented epithelium (Figure 4). The initial nomenclature of this type of mem-
brane was quiescent neovascular membrane but more recently terminology for this
finding is Shallow Irregular RPE Elevation (SIRE) [25, 26].

Figure 3.
Calcified small drusen (white arrowheads). In this OCT-B scan, it is possible to identify a hyperreflective sheath
with a hyporreflective content. There may be hyperreflective dots inside the lesions.
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Figure 4.

SIRE. Superiorly, en face OCT-A slabs show subretinal neovascular complexes. Inferiorly, the OCT-B scan
demonstrates a SIRE with the presence of heterogeneous material beneath the RPE. Additionally, it is possible to
note the absence of intravetinal or subretinal fluid.

The baseline prevalence of this type of neovascularization in patients with AMD
was around 13 to 14%. Exudative shift at 12 months had a prevalence of 6.8%
among patients without Non-Exudative Macular Neovascularization (NE-MNYV)
and of 21.1% among patients with NE-MNV. Exudative shift at 24 months had a
prevalence of 6.3% among patients without NE-MNV and of 34.5% among patients
with NE-MNV. Therefore, it is recommendable a very close follow-up of the
patients identified with SIRE [25, 26].

6. Hyperreflective foci

A concept that came to light with SD-OCTs, that we did not have previously
with angiography or retinography, is intraretinal hyperreflective foci (HRF). HRF
are well-circumscribed, discrete lesions with an equal or superior reflectivity com-
pared to the RPE band on OCT (Figure 5). They are usually associated with
hyperpigmentation on color fundus photography. There is an important specific
spatial correlation of HRF with the apex of drusen [27] and/or SDD [28]. Addition-
ally, there is an association between HRF overlying drusen and increased risk of
atrophy at that location. HRF in eyes with intermediate AMD could be the result of
migration of activated RPE cells into the inner retinal layers, as proposed by in vivo
OCT study [29].
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Figure 5.
Hyperreflective foci are observed in the inner (pink arrowhead) and outer retina (orange arrowhead).

Its development is triggered by a process of gliosis and phagocytosis of the
Muller cells, followed by accumulation of decomposed cells in hyperreflective
deposits, such as the mechanism observed in MacTel. The debris can be located at
the external limiting membrane, external nuclear layer and the plexiform layer.
They are biomarkers of poor prognosis, because they reveal that Muller Cells are
losing their structure and will collapse [30].

Among patients classified as having intermediate AMD, the choriocapillaris flow
deficit is apparently worse in eyes with HRF and is commonly located directly
below HRF [31]. The amount of HRF was correlated with EZ normalized reflectivity
and drusen volume (DV), that are well-defined markers of photoreceptor damage
and AMD progression, respectively. Nassisi et al. [32] evaluated the correlation
between HRF quantity and progression to advanced AMD after 1 year. He con-
cluded that the area of HRF measured by en face OCT in eyes with intermediate
AMD was highly correlated with development of atrophy [33, 34].

7. Acquired Vitelliform lesion

AVLs are deposits of melanosomes, melanolipofuscin, lipofuscin and outer seg-
ment debris located between the RPE and the photoreceptor layer (Figure 6). Their
pathophysiology may be related to paraneoplastic, toxic, degenerative and
vitreoretinal interface disorders of the macula.

AVL were correlated with SDD and cuticular drusen in the past and can occur in
conjunction with large drusen. The same dysfunctional processes that lead to drusen
formation, or parallel processes, could be related to AVL formation [35].

On fundus exam and SD-OCT, AVLs manifests as yellowish deposits between
the EZ or external limiting membrane (ELM) and RPE. On FAF, they appear as
areas of hyperautofluorescence that corresponded to the sites where vitelliform
material was seen on SD-OCT and fundus exam. In some cases with
pseudohypopyon, on FAF it is possible to identify a hypoautofluorescent top
portion and a hyperautofluorescent inferior portion. On FA, there is early
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Figure 6.

Acquired Vitelliform lesion: OCT B-scan detects an accumulation of hyperreflective material between the
ellipsoid layer and the RPE. This material (white arrowhead) is located above soft drusen, with discrete
thinning of the overlying outer retinal layers.

hypofluorescence with a halo of hyperfluorescence. A progressive late staining of
the lesion was noted during the exam. On red-free imaging studies, AVLs manifest
with a slight hyperchromia of the material [36].

The lifecycle of an AVL is characterized by a phase of growth followed resorp-
tion and, over time, it can lead to complications as foveal atrophy and choroidal
neovascularization (type 1in 8% of cases). These complications are frequent and
can impair central vision. There is a decrease in visual acuity from 0,3 to 0,5
logMAR (2 to 3 lines on log scale) in 7 years. Development of neovascular com-
plexes occurs during the collapse phase of the AVL life cycle, after the AVL peak
volume was reached. Type 1 choroidal neovascularization occurs in nearly 10% of
cases. The risk of neovascularization and the decline in best corrected visual acuity
(BCVA) are both significantly greater among eyes with AMD. Foveal atrophy was
the characteristic most significantly associated with final BCVA and with change in
BCVA from baseline. The development of neovascularization was not predictive of
long-term visual outcomes [37].

8. Drusenoid PED

A drusenoid pigment epithelial detachment (PED) is a large elevation of the RPE that
is formed from the coalescence of drusen and colloid material. It is a hallmark feature of
AMD and a known precursor of GA. It may be distinguished from hemorrhagic and
serous PEDs by its appearance on clinical exam and angiography (Figure 7). Drusenoid
PEDs have an accelerated growth rate of 0,022 mm?®/month. Additionally, its rate of
collapse is 10 times faster: 0,199 mm®/month, similarly to the observed in AVL. The
onset of intraretinal hyperreflective foci and AVL usually precedes its collapse.

Features such as maximal height, volume and diameter of drusenoid PEDs were
inversely correlated with visual acuity and directly correlated with the rate of
collapse [38].
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Figure 7.
Drusenoid PED. In this OCT-B scan, it is possible to note a lesion that has an internal homogenous and mild
hyperveflectivity. The lesion is delimited by the Bruch’s membrane at its base.

9. Macular neovascularization

In the exudative form of AMD, the local production of vascular endothelial
growth factor (VEGF) promotes the growth of choroidal neovascularization. These
lesions were initially classified in: classic, occult, and variations (predominantly
classic and minimally classic) based on their characteristics on FA.

Gass proposed [39] that the location of the neovascular membrane could be
important to predict response to treatment and after the advent of OCT, an
alternative classification was suggested:

9.1 Type1l

In this type the vessels are located in the sub-RPE space (Figure 8). It is the most
common type of neovascularization in AMD. On FA, these lesions are depicted as
occult or poorly defined CNV (choroidal neovascularization). Other FA terminolo-
gies are used to describe type 1 neovascular complex: vascularized RPE,
vascularized PED or stippled hyperfluorescence. On indocyanine green angiogra-
phy (ICG-A), this neovascular membrane appears as an area of low-intensity
hyperfluorescence, known as plaque. On SD-OCT, it is possible to determine its
location on a space bounded inferiorly by the hyperreflective remnants of Bruch
membrane and superiorly by the hyperreflective RPE band. A new finding of the
type 1 neovascularization was described by Spaide [40] recently. It was observed
that when the RPE becomes elevated due to sub-RPE exudation, the neovessels
adhere to the basal surface of the RPE. On Enhanced Depth Imaging (EDI) OCT,
this is described as a hyperreflective material (supposed to be the neovascu-
larization) lining the undersurface of the elevated RPE. This pattern may explain
the vulnerability of type 1 neovascularization to RPE tears. This subgroup also
includes polypoidal vasculopathy, which was recently renamed as aneurysmal type
1 neovascularization.
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Figure 8.

Type 1 neovascularization, also known as aneurysmal type 1 subretinal neovascular membrane. Inferiorly,
OCT-B scan demonstrates PED with shallow subretinal fluid and intraretinal cystic degeneration. Superiorly,
OCT-A slabs detect a branch vascular network ending in an aneurysm formation (yellow circle) located
between the RPE and the Bruch’s membrane.

9.2 Type 2

It consists of a neovascular membrane that has perforated the RPE/Bruch mem-
brane complex and is growing in the space between the neurosensory retina and the
RPE [40]. On FA, these new vessels are commonly described as being classic or
having a well-defined contour (Figure 9). Due to the attenuation of the choroidal
fluorescence by the interjacent RPE promoting the formation of a dark background,
the new vessels appear to fluoresce intensely. On the other hand, on ICG-A it may
be challenging to identify the neovascular complex due to the intense
hyperfluorescence of the background choroidal circulation. It is common to detect
type 2 neovascularization along with type 1 vessels in exudative AMD. It is also
possible that a type 2 neovascular complex regresses and turns into a type 1.

On OCT, it is possible to detect a disorganization of the overlying inner/outer
segment junction in conjunction with intraretinal cystic spaces. Additionally, this
exam identifies intraretinal rather than subretinal fluid.

9.3 Type 3

Type 3 neovascularization is the recent terminology for what once was known as
Retinal Angiomatous Proliferation (RAP) and consists of an intraretinal neovascu-
larization. Notable discussions happened regarding whether the origin of this
neovascular complex was from the retinal circulation (as Yanuzzi suggested) or
from the choroidal circulation (as suggested by Gass). Some studies support the
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Figure 9.

Type 2 neovascularization. En face OCT-A projection images of the neovascular complex with vessels both in
the outer retina and the choviocapillaris (pink circles). Inferiorly, an OCT-B scan demonstrates the neovascular
complex (arrowhead) located between the RPE and the neurosensory retina.

Doop (IPL. - OP1)

Figure 10.

Type 3 neovascularization. On the left, en face OCT-A slabs show the vascular lesion (pink circles) in the
superficial and deep segments of the retina. The OCT-B scan, on the left, demonstrates the presence of
intraretinal fluid, caused by the vascular lesion before treatment with anti-VEGF (arrowhead). On the right,
en face OCT-A slabs still show the vascular lesion (orange circle), although the OCT-B scan, on the right,
demonstrates vesolution of fluid after the first injection of anti-VEGF (this type of neovascularization tends to
respond well to treatment with anti-VEGF).
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theory that the origin of this neovascular complex can be from either circulation
and may arise from both circulations at the same time as a Retinal-Choroidal
Anastomosis (RCA) (Figure 10).

On OCT, it is characterized by large amounts of intraretinal fluid as well as a thin
choroid. In this aspect it differs from types 1 and 2 neovascularization that have an
associated thickened choroid. Another differential aspect, is that type 3 neovascu-
larization leads more often to retinal atrophy due to damage to the external retina
caused by its intraretinal origin and the thinner choroid [39, 41].

10. Outer retina atrophy

Geographic Atrophy (GA) is a late-stage disease manifestation of non-
neovascular AMD that generally progresses to severe central vision loss. It has
traditionally been defined on color fundus photography as a sharply delineated
circular or oval area of hypopigmentation or depigmentation in which choroidal
vessels are visible. The size required for a lesion to be classified as GA varies with
different studies, ranging from 175 pm to 430 pm in diameter.

Autofluorescence of these areas indicate them as hypoautofluorescent lesions,
that may have a hyperautofluorescent rim, which is linked to acute suffering of the
RPE. Atrophic areas typically demonstrate a late well-defined hyperfluorescence.

On OCT, as drusen regress, the overlying retinal layers undergo characteristic
changes, while progressing to atrophy, that can be captured on OCT imaging. These
changes, referred to as nascent GA in previous reports, include subsidence of the
inner nuclear layer (INL) and outer plexiform layer (OPL), a hyporeflective wedge-
shaped band within the Henle fiber layer (HFL), often accompanied by RPE dis-
turbance, and increased signal hypertransmission into the choroid [42].

OCT-A shows significant impairment on the choriocapillaris flow in the zone
immediately surrounding GA lesions. OCT-A seems to be able to give us informa-
tion about the progression of atrophy, since the flow at the choriocapillary layer is
diminished in the perifoveal region if compared to the parafoveal regions [43].

Previous studies have identified characteristic fundus features that are associ-
ated with a high risk for progression to GA [44]. Features related to a greater chance
of developing GA are: large drusen volume, calcified drusen, intraretinal
hyperreflective foci and SDD.

Spaide was one of the first to describe that outer retina atrophy could result from
regression of SDD [45]. The outcomes of this study showed that, 43% of patients
would eventually develop choroidal neovascularization after a period of two years
and 43% would develop regression of SDD. Patients that had regression of SDD, had
a decrease in the photoreceptor length, decrease in choroidal thickness and loss of
ellipsoid band.

A score was proposed to better follow patients [28]. Among the scoring factors,
there are: hyporeflective drusen, hyperreflective intraretinal foci, subretinal
drusenoid deposits, and volume of large drusen. In order to generate the score, one
point was assigned to each feature present in the study eye. The fellow eye was
scored in a similar fashion. By adding the scores from both eyes, the total score (TS)
is calculated. Category I is defined as a TS of 0, 1 or 2. Category II is defined as a TS
of 3 or 4. Category III corresponds to a TS of 7 or 8. According to this score, in
category I there was 0% chance to develop retinal atrophy; in category II there was a
chance of 14,3%; in category III there was a chance of 47,5% and in category IV the
chance was of 73%. The results allowed to conclude that patients in category I could
be safely seen every 12 months, whereas patients in category II, III and IV could be
seen every 6, 4 and 3 months, respectively [28, 43].
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10.1 Classification of outer retina and RPE atrophy

GA usually is characterized by RPE atrophy and recently received the term RPE
and outer retina atrophy (RORA). When there is a photoreceptor loss without RPE
atrophy, the term proposed is outer retina atrophy (ORA). ORA also occurs in eyes
after regression of reticular pseudodrusen. SD-OCT is characterized by thinning of
the outer retina, including the ELM and the inner segment of the EZ band and
decreased choroidal thickness. ORA increases the risk for progression to RORA or
macular neovascularization [44].

200 pm |_2|:r0 pm

Figure 11.

cRORA. The green arrow in the red-free image, on the left, shows the location where the OCT B-scan, on the
right, was taken. This scan demonstrates an area greater than 250um in diameter with choroidal hyper-
transmission due to absence of the RPE layer and overlying outer retinal thinning and loss of photoreceptors.

Figure 12.

iRORA. OCT-B scan demonstrates choroidal heterogeneous hypertransmission (pink arrowhead), subsidence of
the INL and OPL (green arrowhead) as well as RPE attenuation and overlying photoveceptor disruption (red
arvowhead).
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Along several meetings, experts proposed a classification according to OCT
findings and four terms were described: cRORA, complete RPE and outer retina
atrophy; iRORA, incomplete RPE and outer retina atrophy; cORA, complete outer
retinal atrophy and iORA, incomplete outer retinal atrophy (Figures 11-14) [46].

iRORA is defined on OCT by the following criteria: (1) a region of signal
hypertransmission into the choroid, (2) a corresponding zone of attenuation or
disruption of the RPE, with or without persistence of basal laminar deposits, and (3)

Figure 13.

cORA. OCT-B scan demonstrates thinning of the outer retina with loss of visibility of the ELM, EZ, IZ
(interdigitation zone) (ved arrowhead). It is possible to note regressing reticular pseudodrusen (yellow
arrowhead).

Figure 14.
iORA. OCT-B scan demonstrates thinning of the outer vetina where intermittent aveas of EZ and ELM can still
be identified (arrowhead). It is also possible to note an uninjured RPE layer.
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evidence of overlying photoreceptor degeneration (subsidence of the INL and OPL,
presence of a hyporreflective wedge in the henle fiber layer (HFL), thinning of the
outer nuclear layer (ONL), disruption of the external limiting membrane (ELM), or
disintegration of the EZ), and when these criteria do not meet the definition of
cRORA. A minimum size to determine that a lesion is iRORA was not proposed.
iRORA progresses into cRORA over a variable period, from months to years. If each
of the areas of RPE change and hypertransmission has a diameter of at least 250 pm
on the OCT B-scan, in addition to evidence of photoreceptor loss, then they qualify
as cRORA.

En face OCT allows to observe a hyperreflective contour that is the ELM descent.
On FAF, this border is hyperautofluorescent. Studies have confirmed histologically
that the descent ELM is an important biomarker for the development of a complete
atrophy of the RPE and outer retina. Increase of ELM reflectivity also was found as
possible biomarker for severe photoreceptor loss and gliosis [47-53].

Understanding AMD phenotype is very important to define prognosis and indi-
vidualized forms of treatment and follow up. Biomarkers on OCT have been crucial
for a better understanding of AMD.
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Abstract

There is an increase in demand for health promotion and preventative medicine
playing a vital role in managing chronic illnesses. Many of these conditions stem
from a poor diet, sedentary lifestyle and smoking, all of which are risk factors for
age-related macular degeneration (AMD). To combat chronic diseases, the root of
the conditions may be addressed through the concept of health promotion. Health
promotion thoroughly assesses how a population’s environmental, political, socio-
economic, behavioral, and cultural practices influence its health. This concept can
be applied in a primary care setting which takes on a broader approach in treating
and managing patients. Primary care providers need to be aware of the connec-
tions between common chronic illnesses and AMD. All primary care providers and
eyecare specialists must be patients’ advocate and help improve their systemic and
ocular prognosis.

Keywords: age-related macular degeneration, choroidal neovascularization,
modifiable and non-modifiable risk factors, health promotion, nutrition, lutein,
and zeaxanthin

1. Introduction

Age-related macular degeneration (AMD) is the leading cause of irreversible
blindness in people over 50 years old [1]. It has been defined as a condition in which
the structure and function of the central retina (macula) deteriorates. AMD results
from a process by which the macula deteriorates over time in association with dis-
tinguishing signs and symptoms [2]. Approximately 11 million people are affected
with AMD in the United States and approximately 170 million are living with AMD,
worldwide [3]. In 2020, it was estimated approximately 196 million people will have
AMD along with a predicted increase to 288 million by the year 2040 [4].

AMD is more commonly seen in females and individuals of Caucasian descent,
especially in its late, advanced stage. Furthermore, the incidence rates vary by the
stage of AMD and are related to genetics. Hispanics and Caucasians are known to
have the highest incidence of early AMD. The incidence rates are 6 and 4% respec-
tively for individuals less than fifty-five years of age which increases to 22 and 24%
for individuals greater than seventy-five years of age. Overall, Asians and people
of African descent show the lowest incidence of early AMD. For advanced AMD,
which includes atrophic or neovascular forms, Caucasians of 75 years or older show
the highest incidence at 6.5% [5].
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AMD is a multifactorial disease that is influenced by age, genetics, health status,
smoking habits and race [6]. With the increasing incidence of AMD secondary to a
rapidly aging population, the focus is shifted on addressing modifiable risk factors
like smoking cessation, altering unhealthy diets, and sedentary lifestyles [7]. AMD
is the leading cause of irreversible vision loss in the developed world [8, 9]. To be
proactive in addressing the rising incidence of the disease, primary care providers
managing must be aware of the risk factors and associations of AMD. They are
well-positioned to assist eye care professionals in preventing or slowing the progres-
sion of AMD. Primary care providers can implement a health promotion model,
promoting the importance of regular eye examinations with a Doctor of Optometry
or Ophthalmologists. This may enable earlier detection and treatment of AMD.

AMD is a chronic condition that currently has no known cure. Modifiable risk
factors, such as an unhealthy diet, sedentary lifestyle, smoking and alcohol con-
sumption may significantly contribute to disease onset and severity and there are
successful treatment strategies [7, 10]. Health promotion is essential in reducing the
risk of development and progression of AMD in high-risk groups. Health promo-
tion also empowers patients with information, giving them control of their health.
Health promotion looks into the root of the cause of the illness and assesses how
environmental, political, socioeconomic, behavioral, and cultural practices influ-
ences health [11]. Primary care providers can help patients living with AMD to have
a better understanding of their condition and the modifiable factors that influence
their ocular and overall health. By incorporating these essential factors making
up an individual’s identity and influences on their health, the desired result may
improve patient adherence to the management plan.

2. Methods

This is a narrative or traditional review intended to summarize the literature
about health promotion for AMD and the role of nutrition. We used several data-
bases and searches, primarily PubMed and the Cochrane Library. The principal
purpose of this review is to give a comprehensive overview of the topic and to
highlight significant areas of research. In addition, we seek to identify gaps in the
clinical literature on health promotion for AMD and the role of nutrition and to
offer information that is particularly relevant to the primary health care providers
and eye care providers not specializing in the field.

3. Background

AMD affects the macular region in the retina, which is responsible for our
central vision. Numerous activities such as driving, reading, cooking, operating a
smart phone, and watching television depend on having a healthy macula that can
be severely affected in the later stages of this condition [12, 13].

AMD can be broadly classified into two categories, as either dry AMD or wet
AMD, each with their own characteristic signs and symptoms [13, 14]. AMD is
graded depending on severity as early, moderate or late stage. Dry AMD’s clinical
features can vary depending on severity. Mild dry AMD includes few hard drusen
with or without pigmentary changes in the retinal pigment epithelium (RPE) in
the macular region with patients typically not complaining of any visual symp-
toms. The drusen (yellow deposits) are early fundoscopic signs of the disease in
the macula [15, 16]. Moderate dry AMD includes one or more large drusen with
or without hyperpigmentation typically associated with patients reporting visual
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symptoms such as persistent central blur [6]. Severe dry AMD presents with GA
with significant visual symptoms and signs including reduced visual acuity, visual
distortion, central visual field defects, and reduced contrast sensitivity.

AMD has a wide range of clinical presentations which correlate to the current
state of the individual’s visual function. Early AMD patients typically have good
vision and are primarily asymptomatic or with only mild symptoms. Visual symp-
toms may include difficulty in dark-adapting; for example, adapting to driving at
night or reading in a dimly lit room. Dark adaptation is an important biomarker of
early disease [15, 17]. Moderate AMD presents with one or more large drusen the
size of >125 pm in width, which is approximately the size of a branch retinal artery.
This finding indicates more extensive involvement of the outer retina, the RPE,
and its basement membrane [6]. Advanced AMD is associated with symptoms of
reduced vision, visual distortion and central visual field defects [18].

Advanced AMD presents with clinical features of geographic atrophy (GA)
and/or choroidal neovascularization (CNV). GA is a damaging clinical feature of
advanced dry AMD with associated moderate to the severe reduction in vision. It
presents as an area of atrophy with demarcated borders affecting the neurosen-
sory retina which contains the photoreceptors, as well as the RPE and underlying
Bruch’s membrane and choriocapillaris. Presentation and size of the atrophy vary.
The fovea, the central zone with in the macula, provides us with fine detail in
our central vision. The foveal center is typically spared until the late stages of GA
progression [19]. Approximately 20% of eyes with AMD that have progressed to
legal blindness have GA as the cause. GA results from a progression of the clinical
features seen in the early and moderate stages of AMD [19].

An eye with dry AMD may convert to wet AMD, where new weak blood ves-
sels (CNV) form. CNV typically develops in the choroid and extends towards the
retina causing, fluid leakage or hemorrhaging in the macular region from these new
blood vessels. The natural course of untreated CNV is fibrovascular scarring, an
indication of severe macular damage and profound central vision loss [18]. Patients
that convert to wet AMD typically experience sudden decrease in vision along
with visual distortions. Wet AMD encompasses only 10-15% of the population of
patients with AMD. However, it is responsible for 80% of severe vision loss or blind-
ness in AMD. If wet AMD is present in one eye, the fellow eye has a 48% chance of
converting from dry to wet disease within 5 years. Significant risk factors for the
conversion from dry AMD to wet AMD include soft confluent drusen, pigmentary
irregularities and a current or past history of smoking [10].

Eyes with CNV are said to have wet AMD. GA represents large areas of cellular
death. CNV represents new blood vessel growth and is associated with intraretinal,
subretinal, and/or sub-RPE fluid, hemorrhage, and or scarring in the macular
region. Treatment with intravitreal injection of anti-vascular endothelial growth
factor (anti-VEGF) is the mainstay of treatment for active, wet AMD. This type of
pharmacotherapy aims to suppress the growth of the CNV, as well as reduce the
amount of associated fluid, and potentially improve vision.

3.1 Risk factors for AMD

AMD is a complex, multifactorial disease with plethora of known modifiable
and non-modifiable risk factors. Modifiable risk factors include smoking, high
body mass index, history of hypertension, cardiovascular disease and high alcohol
consumption [20]. Smoking has consistently been proven to be a major risk factor
of early AMD and late AMD in many studies [21-23]. The duration of smoking
also influences the incidence of AMD, showing 14% of all AMD cases may be due
to patients who smoked for 40 years [20]. Smokers have a 2 to 4-fold increase
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in developing AMD compared to people who do not have a history of smoking.
Interestingly, former smokers who have not smoked in the last 20 years are not at a
higher risk of developing AMD [20].

The literature has conflicting data from multiple studies on whether the amount
of smoking or only duration increases the risk of AMD. The EUREYE study was
a cross-sectional study that evaluated patients across Europe and saw a 27% cor-
relation between smoking and the incidence of AMD [5]. Along with the increased
risk of duration of smoking, the amount of cigarettes consumed and the associated
increased risk of developing AMD was investigated. The Physicians’ Health Study
and the Nurses’ Health Study determined a 2-fold increase in people who smoked
25 cigarettes per day. They also reported that males who smoked 20 or more ciga-
rettes per day were 2.5 times more likely to develop AMD at the 12 years follow up
opposed to those who did not smoke at the baseline. The Beaver Dam Study showed
no association between the amount of smoking and the incidence of late AMD [24].
A meta-analysis was conducted on multiple studies that revealed a risk ratio of 2.75
for incidence of AMD when comparing current smokers versus “never smokers”
When comparing former smokers versus never smokers, the risk ratio for AMD was
1.21 [5]. Smoking has also been shown to increase the incidence of the development
of soft drusen and retinal pigmentary changes. Biological alterations associated
with smoking increase the risk of developing AMD. For example, smoking reduces
serum antioxidants, perfusion to the choroid, RPE drug detoxification pathways,
and macular pigments such as lutein and zeaxanthin, further making the eye
vulnerable to the development or progression of AMD [24]. Although, thereisa
debate if the amount of smoking during the person’s smoking period is a separate
risk factor, it is undeniable that a recent history of smoking does increase the risk of
developing AMD.

Obesity and a sedentary lifestyle correlate with the development and progres-
sion of AMD. AMD and cardiovascular disease (CVD) have similar risk factors such
as age, obesity, and smoking. Drusen in AMD and atherosclerotic plaque in CVD
are relatively similar in their composition [4]. Systemic adverse effects caused by
obesity include an increase in inflammatory markers, oxidative stress and blood
lipid levels. These adverse effects are also factors that increase the risk for the
development of AMD. This further supports the association between obesity and
AMD [4]. There is also evidence for an association between obesity and low levels of
the macular carotenoids lutein and zeaxanthin.

Carotenoids are fat-soluble xanthophyll pigments found throughout the retinal
layers and most concentrated in the macula and are seen as a yellow spot during
funduscopic evaluation. The amount and optical density of the macular pigment
can be measured using clinical devices [25-31]. The macular pigment is composed
of three carotenoids lutein zeaxanthin and meso-zeaxanthin an isomer of zea-
xanthin. Zeaxanthin and its isomer are more concentrated than lutein within in
the fovea, implying an important role for zeaxanthin in central macular integrity
and the perception of fine detail [4]. Lutein’s highest concentration is found in the
peripheral macula. Being fat-soluble these carotenoids are also stored in adipose
tissue. However, with the increase in adipose tissue in obese individuals, macular
carotenoids are more readily stored in adipose tissue and are less readily available
for the central retina [4, 32, 33].

A meta-analysis conducted by Zhang et al. showed a small positive association
between excess body weight and risk for AMD. A low association was also found
between being overweight or obese and increased risk of early AMD. This risk
(for early AMD) is difficult to accurately assess because these patients are typically
asymptomatic. Therefore, the association for early AMD with being overweight or
obese may be underestimated in the study. Obesity was associated with an increased
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risk in the development of late AMD [4]. There was a linear relationship between
increased body mass index and risk of AMD [4]. Therefore, the research supports a
role for weight control in reducing the likelihood of developing AMD.

Obesity is a considerable public health challenge and multisystem disease. In
2009 and 2010, the prevalence of obesity was 35.5% and 35.8% in men and women
in the USA, respectively [4]. The Beaver Dam Study which showed a 3.1% 15-year
cumulative incidence of late AMD in adults aged 43-86 years old, so there is ulti-
mately the potential of 110,000 cases of late AMD per year [4]. This finding is sig-
nificant because obesity is a modifiable risk factor that, if addressed, can positively
impact the number of AMD cases that can be avoided per year. Simply put, if the
older population maintained a healthy body mass index and waist circumference,
they would be giving themselves a better chance to avoid irreversible vision loss
[4]. This is an example where health promotion can be effective in giving patients a
strategy to avoid the development of AMD or slow its progression.

Beaver Dam Study showed the consumption of 4 or more alcoholic drinks per
day was shown to increase the risk of the incidence of late AMD, specifically the wet
form. It is important to note the study could not conclude heavy alcohol consump-
tions role in early AMD [24]. It is believed heavy alcohol consumption causes a
reduction in serum antioxidants in tissues such as the retina, ultimately causing
them to be susceptible to oxidative damage. Alcohol reduces the blood serum
carotene, vitamin C and zinc which mirror the nutrients deficient in AMD [24].

There are risk factors for AMD that are not modifiable including age, genetics,
race and sex [20]. With age the retinal layers most affected in early AMD—the RPE
and underlying Bruch’s membrane—begin to undergo structural and metabolic
changes leading to an accumulation of metabolic waste products. Perfusion is
reduced directly affecting the choroid layer that supplies nutrients to the RPE and
photoreceptors (rods and cones) [5]. It is important to note that these age-related
changes will not necessarily result in cellular death and functional vision loss.
Environmental and genetic factors may make a person more susceptible to develop-
ing the AMD phenotype [20]. The complex integrated system of the choroid, RPE
and photoreceptors contribute in maintaining the integrity of central vision. With
age, this system can be altered and dysfunctional causing degenerative complica-
tions in the macula [34].

Although genetics is a known risk factor, AMD is a condition that does not fol-
low the typical Mendelian inheritance patterns where we can predict if a relative or
offspring will acquire the condition. To determine the susceptibility of a patient, the
clinician has to consider the modifiable risk factors present along with the patient’s
age and heredity. Currently, the loci that are most associated with AMD are 1q32
(CFH) and 10q26 (PLEKHA1/ARMS2/HTRA1) [35]. Studies have shown that AMD
can be present within families and show a higher incidence if a first-degree relative
has been diagnosed with the disease. The Rotterdam Study showed that individuals
who have a first-degree relative with AMD have a 4-fold higher risk of developing
AMD [35].

3.2 Clinical diagnosis and evaluation

AMD can be diagnosed when a patient undergoes a comprehensive eye examina-
tion including dilated funduscopy by an eye care professional. The optometrist or
ophthalmologist evaluates all aspects of the posterior segment of the eye, includ-
ing the macula. Clinical findings associated with AMD are hard or soft drusen,
retinal hypo or hyperpigmentation, macular edema, hemorrhaging and or other
signs of CNV. If these findings are present, special testing can be performed to
further investigate the extent of the maculopathy. Special testing includes retinal
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photography, autofluoresence imaging, optical coherence tomography (OCT) and
fluorescein angiography. Retinal photography is used to document the appearance
of the macula. Autofluoresence imaging takes advantage of the natural ability of the
RPEs lipofuscin to fluoresce when stimulated with the light of a particular wave-
length. It is an assessment of metabolic activity [18].

OCT is a non-invasive imaging method that uses coherent light rays to produce
a cross-sectional image of the retina. OCT of the macula produces an image that
shows the distinct layers of the retina and can highlight abnormalities such as
macular edema, CVN, GA, and hard or soft drusen. OCT of the macula is used to
further investigate any suspicious macular abnormalities in a dilated fundus exam
and document the findings as a baseline reading. An OCT of the macula will then be
taken at subsequent follow-ups to monitor for progression [36].

Fluorescein angiography is an invasive test involving the intravenous injection
of sodium fluorescein. The dye travels to the choroidal circulation in the eye within
10-15 s, then a camera can capture images of the highlighted retinal blood circula-
tion. Fluorescein angiography is extremely helpful in monitoring wet AMD where it
can detect areas of macular edema and or active CNV [37]. It is still considered the
gold standard in the detection of new CNV.

3.3 Treatment

There is currently no cure for AMD, but there are several treatments. The goal of
treatment and management is to slow the progression of the disease and, in the case
of wet AMD, to reduce the adverse effects of CNV. Intravitreal anti-VEGF (vascular
endothelial growth factors) injections are the mainstay of contemporary therapy for
active wet AMD. Lifestyle modification and nutritional supplementation have been
shown to benefit patient with moderate to late dry AMD. A randomized, double-
masked, placebo-controlled trial showed that people who at baseline had a lower level
of macular pigment optical density (MPOD) showed benefits from taking supplements
containing the dietary macular carotenoids lutein and zeaxanthin [25, 38-43]. The
investigators also found an improvement in visual function associated with increased
MPOD, which included visual acuity and contrast sensitivity [38, 40—43]. Increasing
the macular pigment in patients appears to improve visual function and slow the pro-
gression of early AMD [38, 40-42]. However, prophylactic supplementation to prevent
the onset of AMD continues to be inconclusive in the literature [40, 44].

Current management of early AMD should include health promotion with an
emphasis on a healthier lifestyle involving diet, exercise and smoking cessation
or avoidance. Nutrition education of patients should support the consumption of
foods containing dietary macular carotenoids, which can further assist in increas-
ing the MPOD. These foods include egg yolk, spinach, kale, collards, and brightly
colored vegetables such as peppers [45]. For early AMD there is currently no
treatment that can regress hard drusen or retinal pigmentary changes. A person
with early AMD can continue with yearly follow-ups with their optometrist with
education about lifestyle and diet/nutrition. At the initial visit, patients should be
given an Amsler grid that tests the integrity of the macula. It is recommended the
patient self-test each eye individually every day using their reading prescription
with proper illumination to monitor their condition. The grid must be held at 33
centimeters to properly span a 20-degree field [46]. The Amsler grid test is checking
for any structural changes in the macula such as new macular edema or CNV. The
patient is to report whenever they notice metamorphopsia, which means the lines
on the grid appear in a wavy or distorted fashion. Patients are also to report if they
notice a scotoma, or missing area within the grid, and to make a timely appoint-
ment with their eye doctor.
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In terms of nutritional supplementation, AREDS determined supplements may
be recommended to prevent the progression of moderate AMD into late AMD [47].
These supplements contain antioxidants and micronutrients which help replenish
the lack of those nutrients in the retina and consequently the properties and func-
tions of the macula. Patients with moderate or advanced AMD need to be seen more
frequently by an eye care professional than patients with early AMD. Along with
the recommendation of taking the supplements listed above, reinforcing a healthier
lifestyle is vital in maximizing patient outcomes.

CNV is a consequence of increased levels of VEGF in the eye. VEGF has many
functions in the body including angiogenesis, bone formation, hematopoiesis,
wound healing, neuroprotection and development [48]. VEGF is a potent signal
protein which, when up-regulated, causes pathological angiogenesis and increased
vascular permeability. For example, VEGF can give rise to new blood vessels that
feed tumor growth, such as in breast cancer [48]. In AMD, the upregulation of
VEGF causes the growth of new blood vessels to manifest under the RPE and/or
the sensory retina. This new blood vessel growth causes devastating effects to the
integrity of the macula ultimately causing a decrease in vision. Anti-VEGF therapy
was initially used as cancer treatment and further investigation proved suspected
beneficial ocular affects when it was noted patients’ vision would also improve
concurrently with cancer treatment [49].

Anti-VEGF agents are now used as a therapy for many ocular vascular diseases.
The most common of these conditions are wet AMD and diabetic retinopathy.
Common anti-VEGF drugs used in ophthalmic practice include bevacizumab
(Avastin), ranibizumab (Lucentis) and aflibercept (Eyelea) [49]. Bevacizumab is
considered an off-label therapy in retinal disease, whereas the other two drugs have
an FDA indication for these purposes. Once treatment is initiated, the patient will
need frequent injections to stabilize the condition along with monitoring of the
macula with dilated funduscopy, OCT and fluorescein angiography [50].

4. Health promotion and prevention

Health promotion is a broad concept that looks beyond the treatment and cure
of illnesses. It is a behavioral social science that looks into the biological, environ-
mental, psychological, physical and medical sciences in order to promote health
and aid in the prevention of diseases. Health promotion is effectively achieved
when an individual, group, institution, or community actively engages in conversa-
tion in order to change the audience’s perspective, attitude and behavior to health.
Health promotion is critical due to the rippling effects it has on the improvement
of overall health, reduction in premature deaths, and financial turmoil associated
with medical costs for the patient and their employer. The goal of health promo-
tion is to improve health for the individual, families, communities, cities, states
and ultimately the nation. The World Health Organization (WHO) dissects health
promotion into 3 elements, good governance of health, healthy cities and health
literacy [51].

Good governance of health focuses on the political aspect of health promotion
where local, state and federal governments play a role in their constituents’ health.
Ideally, the government should keep health as a main priority where they align their
policies to benefit the health of its constituents. For example, these policies should
focus on providing healthy school lunches for children, reducing air and water pol-
lution, promoting exercise and general safety precautions. The WHO states when
local government can focus on promoting healthy lifestyles at the municipal level it
can create a healthy city with many resources. The cities can focus on community
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health preventions and health facilities where the local population can be screened
for chronic illnesses. Health literacy is having the knowledge and understanding on
how to make good choices and engage in positive habits to avoid chronic illnesses
[51]. It describes how efficiently a patient can understand and monitor their disease
for changes.

Health literacy is important because through disease prevention and health
promotion the patient can make rational decisions when caring for their own
health. A cross-sectional questionnaire study investigated whether there was an
association between health literacy and chronic retinal disease [52]. The study
revealed the majority of the patients with chronic retinal disease had a low level of
health literacy. Sixty- five percent of patients with AMD, 73% of diabetic macular
edema patients, and 63% of patients with retinal vein occlusion were shown to have
low levels of health literacy.

Consequently, a low level of health literacy also influences the prognosis of
the chronic retinal disease considering these conditions require self-monitoring,
self-medication and self-care [52]. For example, knowing the importance of taking
prescribed medicines at the appropriate dosage and time, monitoring their condition
with the assigned home equipment and knowing when it is pertinent to see their
provider before their scheduled appointment if new symptoms arise. Health promo-
tion plays a major role in health literacy since these patients will be better equipped
to care for their disease if properly educated. Poor health literacy is associated with
poorer prognosis such as patients with uncontrolled diabetes who develop diabetic
retinopathy with potential damaging effects to the retina and vision [32, 33, 52].
Another example is a patient who continues to eat unhealthy foods causing inflam-
mation in their system, lives a sedentary lifestyle and smokes cigarettes will be more
at risk for progressing to advanced AMD which causes irreversible vision loss [52].

Chronic retinal diseases demand self-management from the patient, including
self-monitoring and adhering to their providers’ recommendations. If this care is
not maintained, vision may be negative. In order for health promotion to be effec-
tive, it must be delivered in a way the patient can grasp and understand the infor-
mation. Primary care providers need to be effective communicators, avid listeners
and genuinely sympathize with patient concerns. Health promotion is founded
on patient-centered care with the idea health involves more than just the illness.
The overall health of an individual is influenced by factors outside the health care
system [11]. These outside factors include socioeconomic conditions, patterns of
food consumption, demographic patterns, learning environments, and family pat-
terns [11]. To maximize patient outcomes, the health care provider should take into
consideration and include the outside factors making up the identity of the patient
in their management. This approach will ultimately allow the patient to have control
of their health and have a sense of responsibility to maintain it.

Health promotion has been effectively implemented with communicable
infectious diseases such as sexually transmitted diseases. For example, in target-
ing vulnerable communities, schools held seminars where they discuss safe sexual
practices and the consequences of unprotected sex such as pregnancy and sexually
transmitted diseases [11]. With the increasing trend of chronic non-communicable
diseases, such as hypertension, type 2 diabetes mellitus and high cholesterol,
health promotion has taken a larger role in attempting to combat these conditions.
The increasing incidence of these chronic conditions can be due to the increasing
availability of jobs where the employees primarily work sitting at a desk in front of
a computer. This type of work environment can lead to a sedentary lifestyle which
is worsened when coupled with poor eating habits. In a broader view, the economy
also suffers due to the widespread sedentary lifestyles that ultimately lead to chronic
illnesses [11].
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Other factors play a role in this health crisis such as poverty, low education and
stress [11]. Consequently, these factors lead to increased risk of high blood pressure,
high blood glucose, abnormal serum lipids, high waist-hip ratio, and abnormal
lung function. These biological risk factors lead to chronic non-communicable
diseases such as heart disease, stroke, cancer, and chronic lung disease. Therefore,
health promotion is key to preventing and targeting established illnesses along
with medical interventions to attain good health. Health is influenced by social,
economic, political forces, cultural identities and discrepancies within communities
that are more susceptible to chronic health conditions. These factors ultimately will
influence the health of these vulnerable communities and their future. Thus, health
promotion is vital in educating communities on the adverse effects of modifiable
risk factors and the tools needed to prevent chronic conditions. An important factor
of health promotion is that it allows the person to take control of their health by
targeting the root of the problem that is exacerbating the illness.

5. The role of lifestyle and nutrition in AMD

AMD is a condition in which modifiable risk factors may play a significant role
in its development and progression. These modifiable risk factors can be addressed
through health promotion where AMD can be prevented or stabilized. Such risk
factors include obesity, unhealthy diet, sedentary lifestyle, smoking, and underly-
ing health conditions including hypertension and cardiovascular disease. A correla-
tion between regular exercise and decreased risk in developing early or late AMD
has been shown; however, the effect was stronger with lowering the progression to
late AMD [53].

In general, practicing a more active lifestyle allows the person to age with less
health complications in contrast to someone who is living a sedentary lifestyle.
McGuiness et al. said that an active lifestyle, considered to be 3 h of moderate to
intense physical activity per week, was sufficient in decreasing mortality. Regular
exercise also increases antioxidant enzyme activity combating oxidative stress,
avoiding the acceleration of the aging process systemically and in the eyes [53].

Regular exercise alone does not reduce the odds of developing AMD. The person
must practice living a healthy lifestyle with a diet low in unhealthy foods, smoking
avoidance, consuming alcohol in moderation, regular exercise and regular visits
with their primary eye care and health care providers. Chronic illnesses stemming
from unhealthy lifestyles have many complications and associations that include.
Leading a healthy lifestyle decreases the risk of the development of chronic illnesses
such as hypertension, diabetes, cardiovascular disease, and AMD [45].

Proper nutrition plays a significant role in reducing the risk of AMD. Dietary
xanthophyll carotenoids play a major role in maintaining the integrity of the macula
[38, 54, 55]. Seddon found that people who have a high intake of dietary carotenoids
had a 43% lower risk of AMD [45]. Higher consumption of lutein and zeaxanthin
correlated with a reduction in the risk of AMD. These carotenoids can be found in
brightly colored vegetables as well as green leafy vegetables such as spinach, kale,
turnip greens, and collard greens. Seddon’s results showed that those who reported
consuming a one-half cup serving of green leafy vegetables 5 times a week had an
88% reduction in the risk of AMD [45].

Another study by Seddon et al. showed evidence indicating high intake of
dietary fats contributes to the progression of advanced AMD. In particular, veg-
etable fat was shown to increase the risk of progression of AMD. Animal fat was also
shown to increase risk, but to a lesser extent [56]. The study also find that saturated,
monounsaturated, polyunsaturated, and trans-unsaturated fats were remarkable
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for aiding the progression of AMD [56]. The results also proved dietary fat intake
was independent in increasing the risk of AMD without the influence of obesity,
since the participants’ body mass index was controlled in the study.

Both obesity and dietary fat intake promote inflammatory markers in the body
which increase the risk of cardiovascular disease and, potentially, AMD [56].
Interestingly, nuts have been shown to have a significant role in reducing the risk of
cardiovascular disease, type 2 diabetes mellitus, and AMD. The Physician’s Health
Study showed men who consumed nuts at least twice a week had a reduction rate
of 50% for the risk of sudden cardiac death and a 30% reduction rate in coronary
heart disease [56]. The Nurses’ Health Study revealed women who consumed nuts
5 or more times a week had a 35% reduction rate of coronary heart disease and a
27% reduction in the risk of type 2 diabetes mellitus [56]. Nuts are also said to aid
in maintaining the integrity of the macula because of its beneficial properties [56].
Nuts contain resveratrol, a compound that has antioxidant, antithrombotic, and
anti-inflammatory properties, which have a positive effect on the integrity of the
macula [56]. Nuts also contain vitamin E, copper, magnesium, and dietary fiber
which can help prevent coronary heart disease, atherosclerosis and decrease total
cholesterol levels [56].

Antioxidants, vitamins and minerals have been shown to aid in reducing the risk
of AMD. These micronutrients have been compounded into dietary supplements to
help prevent AMD and its progression [57]. Anthocyanins, red-purple pigments,
are shown to have antioxidants and anti-inflammatory properties with the potential
in maintaining macular wellness [57]. Anthocyanins are found in red to purple-
colored flowers, fruits and vegetables. Examples are blueberry, bilberry, strawberry,
currant and grapes. Notably, bilberry has been extracted to be included in supple-
mentation for its antioxidant properties [57]. Anthocyanins are also believed to
promote the synthesis and regeneration of rhodopsin, along with promoting an
increase in blood flow in the retina.

The xanthophylls lutein and zeaxanthin are carotenoids that are only obtained
through the diet since the body is unable to synthesize them. Lutein and zeaxanthin
are found in green leafy vegetables, such as spinach and kale, along with fruits
avocado and maize [45, 57]. Lutein and zeaxanthin are most concentrated within
the macula. The retinal isomerases convert lutein into meso-zeaxanthin in the
retina which is also found in macula [58]. The MPOD value directly correlates with
the integrity of the macula. The macular carotenoids begin to degenerate when an
individual lives an unhealthy lifestyle, consequently increasing inflammatory mark-
ers. Individuals at risk for AMD or with signs of the disease may benefit from foods
with lutein and zeaxanthin or supplementation with these to increase their serum
and macular carotenoid levels. An increase in lutein and zeaxanthin serum levels
secondary to supplementation has been shown to increase MPOD and improve
visual function measures such as contrast sensitivity, glare tolerance and photo
stress recovery [40-42, 57, 59, 60].

Vitamins A, C and E are micronutrients that have been shown to reduce the risk
of AMD [57]. Fruits and vegetables rich in vitamin A have shown a strong associa-
tion with a decreased risk of AMD due to vitamins A’s close relationship to carot-
enoids. Vitamin C is a potent antioxidant that protects the body from free radicals
causing oxidative stress. Deprived levels of vitamin C can cause an accumulation
of lipofuscin and loss of photoreceptors [57]. Vitamin E is also a potent antioxidant
and serves as an important micronutrient in regulating retinal health. Zincisa
mineral that serves as a co-factor for metabolically active enzymes which has many
vital roles in maintaining immunity, reproduction and neuronal development.

Zinc is also found in the retina where it serves a vital role in maintaining macular

health [57].
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Bioavailability is an important factor to consider, since the absorption of
micronutrients is affected by multiple factors such as stress, alcohol consumption,
caffeine, drug intake, and exercise [57]. Fats and oils have been shown to assist
in the absorption of these micronutrients. With that in mind, obtaining these
micronutrients from animal sources rather than plant-based sources can increase
their absorption. For example, egg yolk is an excellent source of zeaxanthin and has
shown to be more bioavailable than comparable amounts from oral supplements or
from plant sources [57].

5.1 AREDS-1, AREDS-2 and the Rotterdam study

Before the age-related eye disease study (AREDS), supplements containing zinc
and antioxidants for AMD prevention and treatment were available for consumer
consumption despite little evidence of its effects on risk reduction [61]. Therefore,
the National Eye Institute (NEI) developed a randomized clinical trial where high
doses of zinc and antioxidant vitamins (vitamins C, E and beta carotene) were
investigated. AREDS was an 11-center double-masked clinical trial. The subjects
were divided into 4 groups and had to have vision of 20/32 or better in one eye [61].
The first group was randomized to take a formula consisting of 500 mg of vitamin
C, 400 IU of vitamin E, and 15 mg of beta carotene. The second was assigned to
take mineral supplements of 80 mg of zinc, as zinc oxide and 2 mg of copper as
cupric oxide. The third group was placed on a combination of both antioxidants and
zinc while the fourth group took a placebo [61].

The results of AREDS showed that the group taking antioxidants plus zinc had
the highest odds reduction, odds ratio (OR) of 0.66, along with a 25% risk reduc-
tion in AMD [47]. The AREDS study concluded that people aged 55 years or older
with moderate AMD (defined as the presence of one or more of the following:
extensive intermediate size drusen, at least 1 large druse, or non-central geo-
graphic atrophy in 1 or both eyes) or advanced AMD or vision loss due to AMD in
1 eye (but not the other), and without contraindications such as smoking, should
consider taking a supplement of antioxidants plus zinc. In contrast to eyes with
early AMD, which did not benefit from supplementation, people with intermediate
to advanced AMD showed a greater effect in reducing the risk of progressing while
taking antioxidants and zinc supplements [47].

AREDS 2 was a multicenter, randomized, double-masked, placebo-controlled
phase 3 study that investigated whether the carotenoids lutein and zeaxanthin,
and/or omega-3 long-chain polyunsaturated fatty acids (o-3 LCPUFAs) docosa-
hexaenoic acid (DHA) and eicosapentaenoic acid (EPA) could further reduce the
risk of AMD progression. AREDS 2 was also designed to investigate if eliminating
beta carotene and/or lowering the dosage of zinc could be effective in preventing
AMD progression [62].

All participants were randomly assigned to: (1) placebo (z = 1012); 2) L + Z
(10 mg/2 mg, n = 1044); (3) ®-3 LCPUFAs (eicosapentaenoic acid (EPA) + docosa-
hexaenoic acid (DHA) [650gmg/350 mg] 7 = 1069); or (4) the combinationof L + Z
and w—3 LCPUFAs (n = 1078). All participants were offered a secondary random-
ization to 1 of 4 variations of the original AREDS formulation keeping vitamins C
(500 mg), E (400 IU), and copper (2 mg) unchanged while varying zinc and beta-
carotene as follows: zinc remains at the original level (80 mg), lower only zinc to
25 mg, omit beta-carotene only, or lower zinc to 25 mg and omit beta-carotene [62].

The results did not show a significant risk reduction with the addition of
lutein and zeaxanthin or DHA and EPA. There was also no significant effect of
the elimination of beta carotene or lowering the zinc dosage. Thus, it was deter-
mined that lutein and zeaxanthin could be an effective and safe substitute for beta

41



Recent Advances and New Perspectives in Managing Macular Degenevation

carotene considering the higher association of lung cancer in current smokers or
former smokers taking beta carotene. There is no reported association of lutein and
zeaxanthin with lung cancer. It was determined the dosage of zinc could be lowered
without any harmful adverse effects [62]. In conclusion, it is now recommended
that patients with intermediate AMD or advanced disease in one eye (but not the
other) should consider taking an AREDS 2-based supplement along with a broad-
spectrum multivitamin to prevent the progression to advanced AMD.

The Rotterdam Study, a prospective, population-based study, investigated
whether dietary nutrients and antioxidants reduce the incidence of developing
early AMD in people aged 55 or older who are at a high genetic risk [63]. The study
investigated the CFH Y402H and LOC387715 A69S gene variants which have been
said to increase the risk of developing AMD if present. In the presence of the CFH
Y402H gene and the LOC387715 A69S gene, the risk of AMD increases by 11 and 15
times, respectively [63]. This study sought to demonstrate any synergistic effects of
CFH Y402H and LOC387715 A69S with nutrients [63].

The results showed a positive interaction of CFH Y402H with zinc, beta caro-
tene, lutein, zeaxanthin, EPA, and DHA. In addition, there was a positive interac-
tion of LOC387715 A69S with zinc, EPA, and DHA. The study determined that
zinc, beta carotene, lutein, zeaxanthin, EPA, and DHA reduce the risk of develop-
ing early AMD in individuals who are considered to be at high genetic risk [63].

The authors recommended for this high genetic risk group to a diet rich in these
nutrients. Foods rich in zinc include fortified cereals, meats, dairy products, nuts,
and seeds. Foods rich in beta carotene, lutein and zeaxanthin include dark green
leafy vegetables such as spinach and kale, egg yolk, and orange vegetables including
carrots, peppers, and pumpkin. Foods rich in EPA and DHA include oily fish such as
herring, salmon, sardines, trout, and tuna [63].

6. Discussion

Health promotion is a daunting concept due to the wide range of elements
under its umbrella. One goal of health promotion is to empower the patient, giving
them responsibility so that they are in charge of their own health care. Giving
them the responsibility for their health will allow patients to set expectations and
understand the consequences if not followed. The patient empowerment model
ensures that health promotion is applied in the exam rather than occurring after the
visit. Managing risks mirrors health promotion’s overall goal. Patients at high risk
for health complications need to be managed more closely and provided with the
appropriate education to maximize their outcomes.

Patient-centered care is the foundation of health promotion, where the patient’s
treatment and management are actively tailored to best fit them, considering
outside factors specific to the patient [11]. Communication is essential in maximiz-
ing the patient’s outcome; however, it must be delivered effectively. Communicating
with the patient should not be rushed or insensitive, especially when the patient’s
health is not optimal at that moment. Patients can become discouraged if they sense
their health care provider is not invested in their care.

Communication can vary to include written, verbal or role modeling forms,
depending on the case and patient. Up-to-date knowledge and skills are enforced
in the field of nursing to give the patient the most appropriate treatments while
upholding the health promotion model. Coordinated care is where multiple
disciplines and/or professions can communicate with one another and keep each
other updated on the current status of their patient. Patients with chronic illnesses
typically have more than one provider for their care. By coordinating care with an
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inter-professional model, the patient’s health care providers will be updated on the
recent findings from the other providers caring for the patient. This communication
is key to optimizing the flow, experience and care of the patient.

Health promotion can play a large role in educating patients on ways to reduce
their risk of AMD, considering the modifiable risk factors involved in the disease.
Getting the message across to the targeted audience depends largely on the acces-
sibility of information. Health promotion can occur in schools, clinics, workplaces,
residential areas and local community centers where people may gather and learn
about how to take control of their health. Effective promotion addresses health while
also taking into consideration the full spectrum of influences affecting health. For
example, it considers cultural and social behaviors that are most prevalent in that
particular setting. To properly deliver the information, there needs to be a strategic
approach on how to convey the message for each specific population. Any disease can
be addressed for each population if divided into the following four categories: healthy
population, population with risk factors, population with symptoms, and population
with the disease. Kumar et al., developed a flow chart that shows the categories and
what topics need to be covered to effectively communicate the message [11].

For healthy populations, topics such as lifestyle and prevention of risk factors
with primordial prevention need to be addressed. Primordial prevention is used to
lessen the incidence of a disease by educating the individual before they become
symptomatic. In this model, they are given the necessary knowledge and tools
to reduce their risk considering their environmental, socioeconomic, behavioral
conditions, and cultural practices [11]. For a population at risk, there must be active
health promotion including how to overcome modifiable risk factors and attending
regular appointments with members of the health care team. The population with
symptoms specifically needs access to medical care for early detection, treatment
and management, promotion of a healthy lifestyle.

If there is a disability resulting from the condition, rehabilitation will have an
important role. The population with the known disorder must be offered treatment
and care, healthy lifestyle reinforcement and any disability and rehabilitation services
needed. Chronic diseases have grown to be a main factor in global mortality. Health
promotion can be used for individuals with non-communicable diseases where an
intervention can be initiated to avoid further progression. For example, health pro-
motion alone can prevent heart disease and stroke by 80%, diabetes by 80% and 40%
of cancers by reducing major risk factors that exacerbate their development [11].

AMD is a multifactorial disease where nutrition and diet play a significant role in
potentially reducing the risk of its development and progression. With age, there isan
increase in the production of free radicals, causing oxidative stress exacerbating the
aging of tissues. A growing body of evidence suggests a key pathogenetic factor involves
chronic inflammation and immunosenescence, which may be brought on by sustained
oxidative stress paired with reduced antioxidant capacity [25, 32, 33, 40]. Given that
systemic low-grade inflammation may be strongly influenced by the gut microbiota,
particularly among older adults [64], sufficient absorption of these protective micro-
nutrients is essential for promoting redox balance [65-67]. Antioxidants and other
nutrients decrease the oxidative stress occurring in the eyes. Examples include vitamins
(C, D, and E), zinc, and carotenoids (lutein and zeaxanthin) [40, 68]. Interestingly,
these antioxidants work together by a protective chain where they assist each other
when one is in the process of neutralizing free radicals. Vitamins C and E, along with
lutein and zeaxanthin, arguably share a significant role in that antioxidant network.

The Mediterranean diet has been studied and recommended for its healthy foods
which have shown show an association to lower mortality and cancer rates, and
reduced risk of AMD [69]. Consequently, this type of diet decreases the amount of
inflammation and oxidative stress in the body and ultimately in the retina.
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The Mediterranean diet is rich in fruits, legumes, vegetables, bread, cereals,
potatoes, beans, nuts, seeds, olive oil [69]. The diet includes low to moderate
amounts of dairy products and alcohol with even lower quantities of red meats.
This diet is in contrast to the typical pro-inflammatory Western diet. A report in
The American Journal of Nutrition showed a 26% reduction in the progression to
advanced AMD in participants who strictly adhered to a Mediterranean diet alone
[69]. The study also showed that the addition of AREDS supplementation did not
further decrease the risk when coupled with the Mediterranean diet. Overall, the
study proved following this diet rich in fruits, vegetables and lean protein can aid in
slowing the progression to advanced AMD [69].

In understanding the association of AMD, nutrition, and systemic factors, can
motivate their patients to take control of their ocular health. Primary care physi-
cians should recommend regular eye examinations including a dilated retinal
examination to assess for AMD and other conditions. In addition, encourage
patients to visit their eye care provider whenever the patient experiences a change in
their vision. This gives the eye care providers a better chance to detect and manage
early disease before extensive damage has occurred. Dry AMD is most associated
with complaints of gradual decrease in vision while rapid vision loss is more closely
associated with wet AMD.

All health care providers can educate their patients that unhealthy habits such
as smoking can cause damage to their retina and ultimately their vision. At times,
patients tend to not take their chronic illness seriously because they may not see any
obvious physical signs. To emphasize the importance of controlling their chronic
illness, the primary care provider can warn the patient that their unhealthy choices
can consequently lead to irreversible vision loss. It is possible the patient may
become more concerned when it is brought to their attention that their vision could
be irreversibly damaged.

If health promotion is effectively initiated and maintained, the patient may be
more willing to take control of their condition, improve their adherence to treat-
ments, maintain their follow-up appointments, and self-monitor their illnesses.
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Chapter 4

Anti-VEGF Treatment and
Optical Coherence Tomography
Biomarkers in Wet Age-Related
Macular Degeneration

Maja Vinkovic, Andrijana Kopic and Tvrtka Benasic¢

Abstract

Age-related macular degeneration (AMD) is one of the most common causes
of severe visual loss in middle and old-age population, and often leads to serious
deterioration in quality of life. Currently, the first-line treatment for neovascular
AMD (nAMD) are intravitreal injections of anti-vascular endothelial growth factor
(VEGF) medications, including bevacizumab, ranibizumab, and aflibercept and
also latest commercially available drug, brolucizumab. During initial examination
and imaging and treatment follow-up for patients with nAMD, optical coherence
tomography (OCT) is used to predict and assess the therapeutic response and guide
the treatment. Several OCT-based biomarkers, including the central subfoveal
thickness (CSFT), the presence of intraretinal cysts (IRCs) or subretinal fluid
(SRF), and the presence of pigment epithelial detachment (PED), were found to
influence baseline visual acuity or visual improvements. Recent analyses of large
randomized control trials (RCTs) summarized the usefulness of these OCT-based
biomarkers. However, many of these early studies relied on time-domain OCT to
evaluate the retinal structures thus providing less precise evaluation of the retinal
details. After introduction of spectral-domain OCT (SD-OCT) which provided high
resolution images, recent studies offered new insights in specific morphological
changes and their different impact on visual function in nAMD. For example, these
advancement in resolution offered new classification of IRCs into degenerative and
exudative which impacts treatment strategy and final outcome in the treatment of
nAMD. Moreover, the recent data disclose a substantial difference between RCTs
and real-world studies regarding the response to anti-VEGF therapy. In conclusions,
IRCs and PED are associated with poor visual improvement in nAMD in a realworld
setting. Both IRCs and SRF responded better than PED to anti-VEGF therapy. These
observations mandate large longitudinal studies focusing on the usefulness of these
high resolution SD-OCT biomarkers in real-world situations.

Keywords: Anti-VEGF treatment, biomarkers, intraretinal cysts, intraretinal fluid,
neovascular AMD, OCT, pigment epithelial detachment, subretinal fluid
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1. Introduction

Improving or maintaining visual acuity is the main target of treatment of neo-
vascular age-related macular degeneration (nAMD). Standard nAMD care mandate
frequent intravitreal (IVT) antivascular endothelial growth factor (VEGF) injec-
tions, which represents a heavy burden on patients, health systems, and physicians.

Age-related macular degeneration (AMD) is the leading cause of blindness in
developed countries, with a global prevalence of 8.69% [1]. The prevalence of AMD
increases with age among all ethnicities and in all geographic regions, as a result of a
growing aging population [2].

Age-related macular degeneration is a progressive, chronic, multifactorial
disease of the retina that can lead to visual impairment and blindness, mostly
affecting individuals aged more than 60 years [3]. The disease progresses from early
to advanced stages and can be divided into 2 major advanced forms: neovascular
(wet) AMD (nAMD) and geographic atrophy in dry AMD [4]. A smaller proportion
of patients with AMD (20%) are diagnosed with nAMD, but it is responsible for
the majority (90%) of vision loss cases and presents as acute painless loss of vision
[5, 6]. Neovascular AMD is characterized by the presence of choroidal neovascu-
larization (CNV), a pathologic form of angiogenesis resulting in leakage of fluid
that accumulates in the retina, subretinally or below the retinal pigment epithelium
(RPE); other features include the development of RPE tears, hard exudates, hemor-
rhage, or fibrous disciform scar tissue formation [7-9].

These clinical abnormalities in patients with nAMD lead to a gradual loss of
retinal photoreceptors, resulting in decreased vision and even blindness if disease
progression is not prevented [10].

Central vision is the key to variuos daily activities, including a person’s ability
to read, drive, and recognize faces [11]. The loss of central vision that accompanies
AMD greatly affects an individual’s quality of life [12].

Deleterious effect of vision loss on an individual’s quality of life mandates
further development of effective treatment modalities and new molecules to
treat nAMD.

2. Advances in nAMD treatment

Preservation of visual function is the main goal for nAMD treatment. This is
achieved by inhibition of the new blood vessel growth and reduction of the fluid
leakage [13]. Vascular endothelial growth factor is a major molecule which contrib-
utes to development of CNV [14]. Choroidal neovascularization can be slowed by
inhibiting VEGF binding to its receptor, VEGF receptor-2, on blood vessels, which
is the major proangiogenic pathway [15]. Anti-VEGF agents are antibodies which
neutralize VEGF binding to its receptor and they have different mechanisms of
action. They reduce fluid leakage from the CNV, stop growth, and lead to regres-
sion of CNV [16]. The introduction of the anti-VEGF drugs into clinical practice
has immensely improved the prognosis for patients with nAMD, in such a way that
nAMD is no longer considered an incurable disease [17]. The first anti-VEGF agent
approved in 2004 by Food and Drug Administration (FDA) was pegaptanib sodium,
an aptamer that binds VEGF¢s [18]. Ranibizumab, an antibody fragment that binds
all VEGF-A isoforms was FDA approved in 2006 after the ANCHOR and MARINA
studies [19, 20]. In the following years, from 2006 till 2013, there were 2 other
anti-VEGF therapies available for nAMD treatment: aflibercept and conbercept,
approved based on the results of the VIEW 1 and VIEW 2 studies, and PHOENIX
study, respectively [21, 22]. Both of them are antibody fusion proteins [23].
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Two other anti-VEGF agents approved for therapy in oncology are used
“off-label” for nAMD: ziv-aflibercept and bevacizumab [7]. Current care standards
for nAMD include regular intravitreal (IVT) injections of anti-VEGF therapy [24].
This poses a substantial burden on patients, as well as health systems worldwide
[3]. For some patients, anti-VEGF treatment involves monthly injections over a long
period of time, making patient adherence and monitoring difficult, which in turn
has consequences for visual and anatomic outcomes [25]. Also, the cost associ-
ated with managing nAMD is substantial [26]. In an attempt to lessen the load of
frequent therapy and costs associated with anti-VEGF medications, some clinicians
proposed alternative dosing strategies which are different from those in the regis-
tered clinical trials (q4- or q8-weeks). These include pro re nata (PRN) and treat-
and-extend (TAE) regimens [27]. They attempt to provide the same efficacy and at
the same time more convenient regimen that is easier to adhere to and is taking into
account individual OCT features of the patient.

Brolucizumab, a newly developed anti-VEGF drug for nAMD treatment, has
demonstrated longer durability and improvement in visual and anatomic outcomes
in clinical studies in a q12-week regimen, indicating its potential to reduce treat-
ment burden as an important therapeutic tool in nAMD management [28].

3. The role of OCT + OCT-A innAMD
3.1 Specific OCT biomarkers

Several OCT-based biomarkers, including the central subfoveal thickness
(CSFT), the presence of intraretinal cysts (IRCs) or fluid (IRF), subretinal fluid
(SRF), and sub-RPE fluid or pigment epithelial detachment (PED), were found
to be associated with baseline visual acuity and response to the anti-VEGF treat-
ment (Figure 1). One of the main goals in the management of nAMD has been the
removal of fluid in the macular compartments [26]. The clinical significance of
fluid depends on its location where it plays a major role in determining the long
term success of the treatment and its presence should be recorded at baseline,
according to the guidelines from the Vision Academy. Fluid segments should be
assesed individually and fluid status evaluated after loading phase and throughout
the course of treatment [29, 30].

The introduction of OCT into everyday clinical practice allowed a new clas-
sification of CNV according to its location, complementing fluorescein angiography
(FA) and indocyanin green angiography (ICGA) [31]. In OCT, type 1 CNV, located
between Bruch membrane (BM) and RPE, corresponds to PED, often accompanied

Figure 1.
OCT biomarkers.
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by subretinal fluid and in later stages of disease by IRC [32]. Type 2 CNV presents
as subretinal hyperreflective material (SHRM) and shows concomitant IRF and SRF
[33]. SHRM may be composed of exudative fluid, fibrin, blood, or scarring and its
characteristics may change during treatment period [34]. According to CATT study,
SHRM was present in 77% of treatment-naive eyes at baseline with the prevalence
decreasing to 58% at week 4 after treatment and further to 46% after 2 years [35].
It is hypothesized to be caused probably by a dehydration and condensation of the
active CNV component [36, 37].

IRC overlying PED, accompanied by SRF, are typical features commonly present
in retinal angiomatous proliferation (RAP), classified as type 3 CNV by Freund
et al. [38]. Mature type 3 lesions, associated with serous PEDs, are highly responsive
to anti-VEGF therapy [39]. However, the development of GA has frequently been
described in association with treatment of RAP lesions [40].

3.1.1 Central subfoveal thickness

The greatest importance of CSFT was actually in the research because it was
used as a criterion for continued treatment in trials of various drugs and treatment
protocols. If the reduction in CSFT after injection is less than 25%, this is consid-
ered a criterion for reinjection [41, 42].

Value of CSFT depends mostly on the amount of retinal fluid in the different
retinal compartments, so in most cases a higher CSFT is also a sign of a worse VA. If
the cause of CSFT is mostly retinal fluid, it will be reduced by treatment with anti-
VEGF factors, and VA in this case will be better or not get worse. Recently there was
an observation that there is a direct correlation between vision, fluid, the amount of
fluid, and fluctuations in CST [28]. A new option is to look at what effect a drug has
on fluctuations in CST, which may prove to be extremely important in identifying
patients at risk for closer monitoring and more aggressive therapy.

The presence of an epiretinal membrane (ERM) and the accumulation of
drusenoid or fibrous material may also be responsible for a higher CSFT. In this
case, the prognosis for CSFT reduction with anti-VEGF treatment is usually
poor [28, 41].

A certain percentage of subjects in clinical trials as well as patients in clini-
cal practice developed geographic atrophy (GA) after treatment with anti-VEGF
factors. Risk factors for such development include the presence of foveal fluid and
monthly dosing of injections. In the CATT study, approximately 38% of subjects
developed GA after 5 years, mainly those receiving ranibizumab rather than afliber-
cept. In the case of GA development, a lower CSFT will also mean a significantly
lower VA [7, 43].

3.1.2 Intravetinal fluid

Intraretinal fluid appears as round or oval hyporeflective spaces — cysts, but may
also present as diffuse thickening of the neurosensory retina [1]. Intraretinal cysts
(IRCs) are OCT biomarkers for various retinal diseases such as nAMD, diabetic
macular edema, central retinal vein occlusion, and uveitic macular edema.

Since IRCs often differ in their shape and size, and also in their response to anti-
VEGF therapy, some authors have divided them into exudative and degenerative.
The criteria taken into account were the size of the cyst, its shape, and the possible
alteration of the continuity of the RPE below the cyst. Degenerative cysts were
described as smaller than 125 pm, usually square in shape and with RPE altera-
tions below the cyst itself, while exudative cysts are more often ovoid and larger
[41, 44, 45]. Intraretinal fluid usually results from active fluid exudation, but the
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degenerative cysts may orginate from passive fluid accumulation due to atrophy of
neurosensory elements [1]. Exudative cysts had better initial response to 3 loading
monthly injections of anti-VEGF treatment whereas degenerative cysts had lower
response to the therapy, persisted for a longer time and were associated with lower
VA after treatment [44-47].

3.1.3 Subretinal fluid

Subretinal fluid can be characterized as hyporeflective fluid accumulation
overlying the RPE layer. It resolves in most eyes in response to anti-VEGF treatment,
however, not as rapidly as IRF.

According to the several studies, the presence of SRF at baseline or after 1-year
treatment did not significantly affect VA [44, 48, 49]. Residual SRF may not
always represent ongoing neovascular activity. It may instead be dysfunction of
the RPE leading to SRF accumulation, much like central serous chorioretinopathy
[50, 51]. Among patients treated with a PRN regimen, those who presented with
SRF achieved even higher VA gains [52]. VA was stable regardless of treatment
frequency [53]. The pathomechanism for the beneficial role of SRF has not been
fully explained but possible explanations suggest the preservation of photoreceptor
integrity, less IRF, RPE atrophy and fibrosis [54].

3.1.4 Pigment epithelial detachment

Pigment epithelial detachment (PED) (Figure 2) the anatomical separation of
the RPE from the Bruch membrane i.e. sub-RPE fluid is present in about 30-80% of
nAMD patients based on the CATT, EXCITE, and VIEW studies [41, 55, 56].

PED lesions have been classified based on clinical findings, angiography and
OCT assessment (height, width, greatest linear diameter, area, volume, reflectivity,
progression and response to treatment of PED lesions) [57]. Three subtypes of PED
may be identified based on the reflectivity of the material under the RPE: serous
(primarily hyporeflective; hollow), solid (primarily hyperreflective; drusenoid),
and mixed (combination of solid and serous PEDs; fibrovascular) [58-60]. The
CNV membrane itself corresponds to hyperreflective material along the back
surface of the PED, readily visible by enhanced-depth imaging, or a tomographic
notch within the PED, identifiable by conventional OCT [61].

PED has a negative effect on VA only in combination with additional com-
ponents, mostly IRF [47, 62]. In VIEW studies, the baseline presence of PED,
disrupted external limiting membrane (ELM) and ellipsoid zone (EZ), and greater
CSFT were associated with poor baseline VA [46]. However there are some contro-
versial data by real-world study where initial VA was worse and visual improvement

Figure 2.
Pigment epithelial detachment.
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poorer if PED was present before treatment regardless of IRC or SRF presence
[44]. Microperimetry analysis has shown higher retinal sensitivity for SRF and
serous PED (sPED) than for IRF and fibrovascular PED (fvPED) [63]. The volume
of fvPED at baseline was associated with impaired VA and PED growth seemed to
precede fluid recurrence [64-66].

When SRF is located on the top of a PED (rather than on its edge), without
associated IRF, hemorrhage, then probably the PED is not vascularized and will
response poorely to anti-VEGF therapy [67]. PEDs are also less responsive to anti-
VEGF treatment than SRF or IRC in nAMD [41, 46]. Serous PEDs showed better
response to IVIs than fibrovascular ones which may suggest that they are possible
signs of lesion activity. Serous PEDs showed most improvement in VA whereas
fvPEDs showed most reduction in PED height, especially with aflibercept [50, 57,
68-70]. Fibrovascular PEDs may be difficult to treat, but even these eyes can gain
vision with anti-VEGF therapy. The IVIs change PED morphology in such way that
their content becomes more hyperreflective, suggesting an increasing fibrovascular
maturization of the CNV [71]. PEDs behavior and functional outcomes are influ-
enced by the treatment regimen. VIEW trials found that the switch from a monthly
to an as-needed regimen led to reactivation of PED with a resultant decline in visual
outcome, especially in patients who developed secondary IRC following that change
[46]. The recurrence of PED is the primary event of neovascular activation [47].

Treatment should focus on vision gains rather than PED resolution because
there is no apparent correlation between anatomical and functional improvement
in most eyes with PED and nAMD. More frequent anti-VEGF doses may improve
anatomical response, without correlation with vision improvement [29]. Atrophy
may complicate eyes with PED and nAMD after anti-VEGF therapy, especially in
association with complete PED resolution [29].

In 15-20% of eyes with PEDs a RPE tear that may lead to decline or loss of
vision spontaneously but also as a serious complication of anti-VEGF therapy.
Hyperreflective lines in near-infrared (NIR) images and PEDs greater than 500 pm
to 600 pm in height on OCT present an indicator of an increased risk in develop-
ing an RPE tear in eyes where the sub-RPE CNV has created contractile folds in
response to the treatment [72, 73]. RPE tears after anti-VEGF therapy only devel-
oped in patients with serous PED (14.6%) [74].

In conclusion, the presence or persistence of a PED may still be compatible with
relatively good visual acuity, but may require more regular treatment.

3.2 Specific OCT-A biomarkers

Noninvasive OCT angiography (OCT-A) generates images of the retinal and
choroidal vessels, with the excellent sensibility and specificity for detection of the
CNYV compared to FA and ICGA [75, 76]. OCT-A provides detailed visualization of
the CNV complex in patients with nAMD and its evolution in response to anti-
VEGF treatment, disclose a perfused vascular network in nonexudative stage of
CNV and also in advanced cases of evident nAMD with fibrotic scars and history of
prior treatment with anti-VEGF therapies [77]. CNV type 1 and 2 seem to be more
easily visualised on OCT-A compared with retinal angiomatous proliferation (RAP)
or polypoidal lesions [78].

Current studies evaluate the association between OCT-A parameters, structural
OCT changes and functional response on anti-VEGF therapies. Five qualitative cri-
teria have been recognized on OCT-A: (1) Numerous branching capillaries between
major vessels separating the lesion area into fractals, (2) end-to-end anastomoses
or intervascular anastomoses within the lesion, (3) arcades or vascular loops at
the vessel termini, (4) major, well-defined filamentous vessels, and (5) peri- or
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intralesional nonvascularized hypointense halos surrounding or embedding the
CNV membrane [75]. Greater rate of small branching vessels and peripheral arcades
have been detected in immature lesions and a dead-tree appearance in hypermature
lesions [79]. A qualitative classification algorithm has been developed based on
neovascular density as a predictive factor for clinical activity [80]. Recently, some
authors have demonstrated quantitative biomarkers for nAMD disease activity: (1)
CNV’s blood flow surface area (SA), (2) vessel density (VD), (3) fractal dimension
(FD), and (4) lacunarity index (LAC) [81].

Blood flow SA is a readily available and well-studied OCT-A parameter. Previous
qualitative assessments of OCT-A images in CNV networks showed that most of the
lesions demonstrated shrinkage of fine peripheral vessels and arteriogenesis of the
remaining vessels after anti-VEGF treatment [82]. The branching complexity and
blood flow area decrease after the loading doses then regrow and return to the origi-
nal size at 12 months irrespective of the treatment protocol. The same modifications
of blood flow area in patients followed under PRN and TAE regimens [83]. SA also
seems to have a weak association with functional outcomes (i.e. VA), highlighting
the need to assess other parameters. Finally, the baseline blood flow area had an
inverse association with the number of IVIs concerning baseline FD [83].

FD quantifies branching pattern complexity and organization of the vascular
structure. It varies according to the number of secondary divisions of the CNV: the
higher the number of discernible secondary divisions, the higher the FD value [84].
Many authors demonstrated attenuation and pruning of secondary ramifications after
anti-VEGF treatments, with subsequent decrease of the FD value. A FD values is lower
in the inactive stage than in the active stage [83, 84]. A weak association between
blood flow aspect (FD) and retinal fluid suggests that factors other than CNV
morphology are responsible for retinal exudation [79]. There is a poor association
between the most studied quantitative OCT-A parameters and functional outcomes at
12 months’ follow-up. FD did not differ between good and bad responders [83].

Lacunarity (LAC) is a measure of the size of gaps within a structure. Higher
values reflect heterogenic texture of vascular networks and lower values reflect a
more homogeneity of vascular skeleton. The results showed that arrangement of
lacunas of the vascular plexus do not change after anti-VEGF, therefore lacunarity
may be an OCT-A parameter for nAMD follow-up [85].

According to some investigators, patients with a lower baseline FD and a lower SA
have higher odds of having 8 or more IVI injection during the first year. Typical exam-
ples of patients that required less than 8 IVI in the first year of treatment are large and
complex CNVs. On the other hand, typical examples of patients that required more
than eight IVI in the first year of treatments are small lesions with a disorganized
architecture [83]. A hypothesis is that in the presence of high VEGF levels, CNVs
would have numerous tiny branches and a disorganized architecture, reflecting an
aggressive angiogenic process with greater exudation and a heavier treatment burden.
In eyes with lower VEGF availability, CNV would grow without leakage maturing
their branching architecture toward a complicated network before exudation becomes
overly symptomatic [86]. In conclusion, it seems that all evaluated OCT-A parameters
were poor biomarkers in predicting anatomic and functional response but baseline
FD and SA were the best biomarkers regarding treatment burden.

4. The role of visual acuity on long term prognosis
Early response to anti-VEGF therapy has been shown to be an important

predictor of VA recovery in nAMD treatment. VA after 3 months of consecutive
intravitreal injections is a better prognostic factor than baseline VA [87]. Likewise,
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early morphological change of the described OCT biomarkers is a very important
prognostic factor for overall treatment outcome.

Thus, early accurate monitoring of treatment responses by analysis of OCT
findings and VA is of great importance to optimize the number of injections during
treatment in achieving the goal of vision function recovery.

5. Conclusions

Introduction of OCT into everyday clinical practice has revolutionized diag-
nosis and management of nAMD. This diagnostic tool has pivotal role in terms of
disease monitoring and evaluation of treatment efficacy. Many studies give hope
that in the future we will be able to offer a better or possibly individual approach to
the anti-VEGF treatment that will give the optimal morphological recovery of the
macula and VA. The risk factors identified for persistent CNV activity may help
clinicians to identify patients for closer monitoring and more aggressive therapy.

The main OCT features predictive of persistent disease activity are IRCs, SRF,
sPED recurrence, and those indicative of poorer VA outcome are IRCs, large extent
of SHRM damage to the photoreceptor or RPE layer [35]. Exudative IRCs have been
shown to require monthly treatment, in particular after recurrence of PED [37, 88].
Patients with IRC after 12 monthly IVIs have shown a higher risk for fibrosis and
RPE atrophy compared with patients presenting refractory SRF [89]. By contrast,
SRF is associated with stable VA, regardless of treatment frequency, and with better
visual gain [50, 51, 90, 91]. Consequently, SRF is an ideal feature for identifying
patients suitable for flexible or treat and extend regimens.

By contrast, SRF is associated with stable VA, regardless of treatment frequency,
and with better visual gain, and consequently, is an ideal for flexible or treat and
extend regimens [50, 51, 90, 91]. In conclusion, these subtypes tell us what out-
comes we are hoping to achieve. We can personalize the treatment to some extent
— treatment intervals can be maintained or extended where disease inactivity is
achieved, i.e. IRF is improving or SRF is stable, or more agressive or in shortened
intervals in patients with new and/or increased fluid. It is postulated that persistent
IRF should never be tolerated whereas with persistent SRF we are less likely to treat
until dry [92]. Advisably is also identifying patients with fluctuations in CSFT, who
are convenient for closer monitoring and more aggressive therapy [28].

OCT-A may differentiate active CNV lesions from stable fibrous complexes
which could be relevant for treatment decisions. Quantitative OCT-A parameters
have shown as poor biomarkers in predicting anatomic and functional response
although blood flow area and FD are slightly better than the others.

Recently, automated quantification algorithms have been proposed for the
analysis of OCT images with CNV, namely multi-resolution graph-theoretic-based
surface detection for PED segmentation and machine learning-based pixel clas-
sification for IRC and SRF segmentations [93]. Machine learning algorithms are
particularly suitable for determining treatment effect after the loading phase
[94]. Computational analysis of OCT images is expected to become even more
widespread in the clinical treatment strategies. This will hopefully establish a set of
standardized protocols that will allow personalized anti-VEGF treatments based on
identifying important differences in retinal responses between patients.
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Chapter 5

New Drugs in the Pipeline for the
Management of AMD

Ana Marta and Bernardete Pessoa

Abstract

Anti-vascular endothelial growth factor (anti-VEGF) therapies have
revolutionized the care of patients with retinal diseases. In the 1990s, it was
observed that anti-VEGF antibodies reduced tumor angiogenesis, and conse-
quently, these antibodies started to be used off-label in the exudative form of
age-related macular degeneration (AMD). In the 2000s, research was directed
towards the development of anti-VEGF therapies for retinal disease management.
Several anti-VEGF therapies were approved: pegaptanib, an RNA aptamer, in
2004; ranibizumab, an anti-VEGF F,;, in 2008; aflibercept, a humanized IgG F,
in 2011; and brolucizumab, an scFy, in 2019. Currently, new therapeutic options
are emerging, and approval is expected soon. These new therapies aim to increase
treatment durability and thus reduce treatment burden and improve real-world
outcomes. In this chapter, the mechanisms of action and the preliminary trial
results of these potential new therapies will be described.

Keywords: AMD, drug therapy, intravitreal injections, clinical trials, pipeline

1. Introduction

Global prevalence estimates suggest that approximately 196 million people
lived with age-related macular degeneration (AMD) in 2020. Of these, 10.4 million
people were living with moderate to severe vision impairment. In 2030, AMD is
estimated to affect 243 million people due to aging [1]. The pathogenesis of AMD
results from complex multifactorial interactions, including metabolic, genetic, and
environmental [2]. AMD has been classified into two major subtypes: non-exuda-
tive or dry AMD and exudative or wet AMD. Although dry AMD represents 90% of
patients, exudative AMD causes more severe loss of vision, being the target of most
investigations [3]. These patients require very regular clinic visits, and the chronic-
ity of anti-vascular endothelial growth factor (anti-VEGF) therapy can substan-
tially impact the quality of life of the patient and the caregivers [4, 5]. This decrease
can compromise anti-VEGF therapy compliance and explain the undertreatment
of patients observed in real-world studies and the waiver of patients involved in
clinical trials [6, 7]. New trials are focusing on improving the therapeutic options,
particularly on the decrease of the associated burden. This chapter describes the
current research on therapeutical approaches to treat the dry and exudative forms
of AMD. Figure 1 summarizes the drugs and stages of development.

The information was gathered from a medical literature review and ongoing
clinical trials and their results in the area of AMD treatment using PubMed data-
base (https://www.ncbi.nlm.nih.gov/pubmed). The words or medical head subjects
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New drugs in the pipeline for the management of AMD
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Figure 1.

Summary of new drugs in the pipeline for the management of age-velated macular degeneration (AMD).

used were: AMD and clinical trials. All relevant articles were imported into Zotero
(Version 5.0, Center for History and New Media at Universidade George Mason,
USA), and duplicate articles were deleted. We selected the promising therapies
according to action mechanisms and excluded all therapies that had failed in clinical
trials. Comments, editorials, and articles not written in English were not analyzed.

2.For dry AMD
2.1 Complement inhibition

Although lampalizumab (anti-factor D Fab) and eculizumab (inhibitor of the
activation of terminal complement) failed to slow geographic atrophy progression,
the complement system has been implicated in the pathogenesis of geographic atro-
phy, and so, research on how to inhibit the complement system did not stop [8, 9].

Pegcetacoplan (APL-2; Apellis Pharmaceuticals, Waltham, Massachusetts, USA)
is a synthetic molecule that selectively inhibits C3, effectively downregulating all
three complement pathways. Phase 2 of the FILLY clinical trial compared patients
receiving intravitreal injection (monthly and bi-monthly) with a control group.
The results showed a 29% reduction in the rate of geographic atrophy and a better
outcome in the monthly injection group. Moreover, it was observed that the risk of
neovascular AMD was higher (18%) in the group subjected to monthly injections
when comparing with the group subjected to bi-monthly injections (8%) and with
the control group (1%) [10]. A phase 3 trial is currently in the recruitment phase
(NCT03525600) [11].

Avacincaptad pegol (Zimura; Iveric Bio, New York, New York, USA) is a C5
inhibitor. Phase 2/3 GATHERI clinical trial showed a significant reduction of geo-
graphic atrophy growth over 12 months, probably due to C3 activity preservation. A
second confirmatory trial (GATHER2) is underway [12].

2.2 Neuroprotection

Retinal neuroprotection strategies have been studied for dry AMD, including
apoptosis and necrosis prevention, and oxidative injury reduction [13].
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Elamipretide (Stealth Biotherapeutics) is a mitochondria-targeted drug thought
to reduce mitochondrial dysfunction. Phase 1 of the ReCLAIM clinical trial showed
that elamipretide was safe, well-tolerated and that this drug may improve vision
in patients with intermediate AMD, manifested as high-risk drusen [14]. Phase 2
ReCLAIM-2 clinical trial is underway [15].

Brimonidine tartrate (Allergan) is best known in glaucoma as the intraocular
pressure (IOP) lowering agent. Phase 2A of the BEACON clinical trial assessed the
intravitreally delivery of brimonidine through a delayed delivery system. Results
showed a lower rate of geographic atrophy progression, although not statistically
significant [16]. Phase 2B of the BEACON clinical trial demonstrated a reduction in
geographic atrophy progression using higher doses of brimonidine [17]. Phase 3 of
IMAGINE and ENVISION clinical trials are being designed [16].

2.3 Visual cycle modulators

One of the earliest changes in the retina that precede AMD symptoms is the
formation of toxic vitamin A dimers.

ALK-001 (Alkeus Pharmaceuticals) is a chemically modified form of vitamin
A that replaces the vitamin A in the body to prevent toxic vitamin A dimers.
Studies demonstrated functional preservation of visual function in animal
models [18]. Phase 3 of the SAGA clinical trial will measure the extent to which
treatment with the oral capsule of ALK-001 slows geographic atrophy
progression [19].

2.4 Cell-based therapies

Cell therapy is an alternative strategy when the naturally existing cells are
already too damaged to be preserved using neuroprotective agents. Human plu-
ripotent stem cells (hPSCs) comprise human embryonic stem cells (hESCs) and
human-induced pluripotent stem cells (hiPSCs). There are two subtypes of cell-
based treatments: stem cell therapies that involve delivering new retinal pigment
epithelial (RPE) cells to the subretinal space, and non-stem cell therapies based on
cell implantation, which generates protective factors [20].

MAO09-hRPE (Astellas Pharma) is hESC-derived Retinal Pigment Epithelium
(hESC-RPE). The phases 1/2 clinical trial results confirmed that hESC-derived
cells could serve as a potentially safe new source for regenerative medicine [21-23].

CPCB-RPE1 (The California Project to Cure Blindness-Retinal Pigment
Epithelium1) is a polarized monolayer of hESC-RPE ultrathin, synthetic parylene
substrate designed to mimic Bruch’s membrane. This therapy involves a subretinal
implant. It was demonstrated the feasibility and safety of CPCB-RPE1 subretinal
implantation in a comparable animal model [24]. Phase 1/2A of the clinical trial
suggests that CPCB-RPE1 may improve visual function [25, 26].

2.5 Anti-inflammatory agents

Inflammation has been implicated in AMD pathogenesis and progression, even
though it is no classical inflammatory disease like uveitis [27].

Doxycycline (Oracea; Galderma Laboratories, Fort Worth, Texas, USA) is
an antibiotic that belongs to the tetracycline class of antibiotics and plays a role
in immunomodulation, cell proliferation, angiogenesis, and the regulation of
inflammation. Phase 3 of the TOGA clinical trial includes patients with geographic
atrophy randomized in groups treated with Oracea® or placebo. The results are
pending [28].
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FHTR2163 (Genentech/Roche) is a new antibody delivered by intravitreal
injection that inhibits the HTRA1 gene associated with geographic atrophy. Phase 2
of the GALLEGO clinical trial will evaluate the safety, tolerability, and efficacy of
intravitreal injections of RG6147, administered every four or every eight weeks for a
total of approximately 76 weeks, in participants with geographic atrophy secondary
to AMD (when compared with the sham control) [29].

3. For wet AMD
3.1 Potentially more durable anti-VEGF agents

Potentially more durable anti-VEGF agents may reduce the burden of intravit-
real injections, help stabilize the disease and improve compliance with treatment.

Brolucizumab (Beovu; Novartis, Basel, Switzerland) is the most recent intra-
vitreal anti-VEGF agent to receive FDA approval. It is a humanized single-chain
antibody fragment with a molecular weight of 26 kDa. Phase 3 of the HAWK and
HARRIER clinical trials showed that brolucizumab was non-inferior to aflibercept
regarding visual function as at week 48, more than 50% of the eyes treated with
6 mg of brolucizumab were maintained on q12w dosing intervals. Moreover,
anatomic outcomes favored brolucizumab over aflibercept, and the overall safety
results were similar between the two drugs [30].

Abicipar pegol (Allergan) is a novel class of molecules referred to as designed
ankyrin repeat proteins (DARPin) that bind VEGF-A. DARPin is smaller and has
a high affinity to VEGF, leading to greater stability and a longer-acting effect. The
results of phase 3 of the SEQUOIA and CEDAR clinical trials showed that the eight
and 12-week abicipar regimens were non-inferior to the ranibizumab’s monthly
regimen, but patients had a much higher risk of developing intraocular inflamma-
tion (15% and 15.4% vs. 0%) [31-33]. The company modified the manufacturing
process after finding impurities in the formulation, and subsequently, the MAPLE
study showed a decrease in the incidence of intraocular inflammation to 8.9%
[34]. A license for abicipar pegol was already submitted to the Food and Drug
Admwministration and the European Medicines Agency.

Conbercept (Chengdu Kanghong Biotech Co., Ltd.) is an antibody that targets
VEGF-A, VEGFB, VEGF-C, and placental growth factors. It was approved to treat
exudative AMD in China in 2013. Phase 2 of the AURORA and phase 3 of the
PHOENIX clinical trials showed the safety and efficacy of conbercept with three
initial monthly treatments followed by quarterly treatments compared with the
sham group [35, 36]. Phase 3 of the PANDA-1 and PANDA-2 global clinical tri-
als compare maintenance doses of conbercept every 8 or 12 weeks with doses of
aflibercept every eight weeks; results are expected in 2022 [37, 38].

OPT-302 (Opthea Limited) is a soluble form of the human VEGF recep-
tor-3 (VEGFR-3), expressed as an Fc-fusion protein molecule design to inhibit
VEGF-C and VEGF-D. Results from phases 1 and 2 of the ShORe and COAST
clinical trials showed that this molecule was safer and had better visual out-
comes than ranibizumab alone [39, 40]. Phase 3 of the ShORe and COAST clini-
cal trials will be double-masked and sham-controlled. Treatment-naive patients
will be enrolled to assess the efficacy and safety of 2.0 mg OPT-302 combined
with anti-VEGF-A therapy by comparison with anti-VEGF-A monotherapy
(standard of care). Opthea expects to initiate patient recruitment in the first
half of 2021 [41].

Faricimab (Roche, Genentech) is a novel bispecific antibody that targets both
angiopoietin-2 (Ang-2) and VEGF-A. Phase 2 of the STAIRWAY clinical trial
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suggests that faricimab can be an effective maintenance therapy for exudative AMD
with a dosing interval of 16 weeks [42, 43]. Phase 3 of the TANAYA and LUCERNE
clinical trials will compare faricimab given every 16 weeks with aflibercept given
every eight weeks [44, 45]. FDA requests for faricimab are expected to occur in 2021
for diabetic macular edema and in 2022 for exudative AMD.

KSI-301 (Kodiak Sciences) is a novel intravitreal, anti-VEGF antibody biopoly-
mer conjugate designed to block all VEGF-A isoforms. Phase 1 of the DAZZLE
clinical trial showed excellent safety, strong efficacy, and considerable durability in
most patients for three or more months [46]. Phase 2 of the DAZZLE clinical trial
is a prospective, randomized controlled clinical trial designed to evaluate the safety
and efficacy of KSI-301 [47].

3.2 ONS-5010 and biosimilars

ONS-5010 (Outlook Therapeutics, Inc) is an ophthalmic formulation of
bevacizumab. Phase 3 clinical trials compare monthly doses of ONS-5010 with a
ranibizumab regimen of 3 monthly doses followed by quarterly doses [48]. FDA
approval is expected in 2021 or 2022, and 12 years of exclusivity, protecting against
bevacizumab biosimilars, are expected.

FYB201 (Formycon and Bioeq), SB11 (Samsung Bioepis), and Xlucane
(Xbrane Biopharma) are biosimilars for ranibizumab under development that
are expected to reach the market in less than one year when the patent for ranibi-
zumab expires [49-51].

Aflibercept biosimilars are in phase 3 of clinical trials and are expected to reach
the market between two and three years when the patent for aflibercept expires.

3.3 Topical anti-VEGF * anti-PDGF

Although regorafenib, pazopanib, and LHA510 failed, other therapies showed
promising results [52-54]. These formulations have the great advantage of being
less invasive, but they can decrease the possibility of monitoring treatment compli-
ance, as it happens with glaucoma patients medicated with lowering ocular hyper-
tension drops.

PAN-90806 (PanOptica) is a topical formulation of a small molecule, a tyrosine
kinase inhibitor (TKI), to treat wet AMD. In phase 1/2 of a dose-ranging clinical
trial, more than half of patients receiving PAN-90806 once a day for 12 weeks
completed the study without needing anti-VEGF rescue therapy. Fourteen of the 51
patients in the study, 88% experienced clinical improvement of their condition or
their disease’s stability [55].

Squalamine lactate (Genaera Corporation) is an amino sterol derived from
the dogfish shark’s cartilage that blocks VEGF, PDGF basic fibroblast growth
binding calmodulin and its chaperones. A phase 2 clinical trial showed improved
vision when squalamine lactate was used in combination with anti-VEGF
treatments [56, 57].

3.4 Extended-release options

The extended-release options may also reduce the burden of intravitreal
injections.

The port delivery system (PDS; Hoffmann-La Roche) is a permanent, refill-
able implant, which is surgically placed at the pars plana through an incision in the
sclera. PDS continuously releases concentrated ranibizumab by passive diffusion
into the vitreous cavity.
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Phase 2 of the LADDER clinical trial showed similar functional and anatomical
outcomes after nine months of treatment with ranibizumab delivered through PDS
or monthly intravitreal injections of ranibizumab [58, 59]. The mean time for the
first PDS refill was 15 months, with 80% of patients not requiring a PDS refill for
six or more months. Phase 3 of the ARCHWAY clinical trial is ongoing [60].

GB-102 (Graybug Vision) is a depot formulation of sunitinib malate that might
need only 2 or 3 treatments per year [61]. Phase 2 of the ALTISSIMO clinical trial
evaluated the safety and effect duration of GB-102 intravitreal injections adminis-
tered every six months compared to aflibercept intravitreal injections administered
every two months [62]. The results are currently pending.

NT-503 (Neurotech Pharmaceuticals) is a biological sustained drug delivery
device that can provide anti-VEGF therapy’s continuous delivery. Preliminary
studies show that the device can be implanted safely in humans [63]. The results of
phases 1 and 2 of clinical trials are pending [64].

Aflibercept Hydrogel Depot (Regeneron Pharmaceuticals and Ocular
Therapeutix™) is a delivery system based on a PolyActive hydrogel copolymer’s
microparticles. In studies with animals intravitreally injected with aflibercept
hydrogel depot a, sustained and controlled release of aflibercept was achieved.

No adverse effects in the eyes of healthy rhesus macaques were observed for up to
6 months [65].

pSivida Durasert Technology (EyePoint Pharmaceuticals, Inc.) can be used to deliver
different drugs for extended periods (months or even years) with a single application.
Delivery of a tyrosine kinase inhibitor in animals provided promising results [66].

3.5 Gene therapy

Gene therapy is based on the insertion of an anti-VEGF coding sequence into
retinal cells’ DNA through a viral vector.

ADVM-022 (Adverum) produces an anti-VEGF-A fusion protein delivered
through intravitreal injection via the AAV.7 m8 viral vector. Phase 1 of the OPTIC
clinical trial showed that treatment with a single injection prevented additional
anti-VEGF treatment over six months [67, 68].

RGX-314 (RegenexBio) (Rockville, MA, USA) produces an anti-VEGF A fab
delivered through a subretinal treatment via an AAV8 viral vector. Phases 1/2a of
the AAVIATE clinical trial showed a decrease in injection burden without signifi-
cant inflammation or adverse effects [69]. Phase 2b of the AAVIATE clinical trial
will explore a suprachoroidal injection [70].

Retinostat (Oxford BioMedica) is a lentiviral vector expressing endostatin and
angiostatin to inhibit angiogenesis potentially. Phase 1 clinical trial showed that the
LentiVector® gene therapy platform safely and efficiently delivered genes to the
retina resulting in stable, long-term expression [71].

AAV2-sFLT01 (Genzyme, a Sanofi Company) is a vector that expresses a modi-
fied soluble Flt1 receptor designed to neutralize the proangiogenic activities of
VEGF via an intravitreal injection. Phase 1 clinical trial showed that AAV2-sFLT01
was safe and that there was good tolerance to this vector [72]. After three years of
follow-up, AAV2-sFLT01 appears to be generally safe, well-tolerated and does not
appear to raise any new safety concerns [73].

AAVCAGsCD59 (Hemera Biosciences) is a molecule that targets the terminal
step of complement activation that leads to the formation of the membrane attack
complex. Two-phase 1 clinical trials for both exudative and dry AMD showed
that subretinal injection of AAV-CD59 attenuated the formation of laser-induced
choroidal neovascularization by around 60% in mice, even when the site of delivery
was distal to the laser-induced choroidal neovascularization site [74].
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An alternative for genetic interference is small interfering RNA (siRNA) that
inhibits the protein-coding genes and prevent protein synthesis. Delivery can be
by the topical installation or intravitreal injection. Bevasiranib (Opko) was the
first siRNA used, but it did not show efficacy in phase 3 of the COBALT clinical
trial [75]. AGN211745 (Alergan) was designed to reduce pathologic angiogenesis
mediated by both VEGF and PIG. The study was terminated early due to a company
decision (non-safety-related), and for this reason, certain outcome measures were
not analyzed [76].

PF-655 (Pfizer) is a siRNA that inhibits expression of the hypoxia-inducible
gene RTP801, which inhibits the mammalian target of the rapamycin (mTOR)
signaling pathway and reduces VEGF-A production. Results from phase 2 of the
MONET clinical trial showed that the combination of PF-655 with ranibizumab led
to an average gain in visual acuity superior to the one observed for patients under
ranibizumab monotherapy [77].

4, Conclusion

There are many potential therapeutic options for AMD. New treatment options
for dry AMD that slow disease progression or re-establish retinal cells are becoming
areality. For wet AMD, new drugs that could lead to a longer half-life in the vitreous,
lower costs, and more potent anti-angiogenesis activity, should be approved soon.
With the increase of population longevity, AMD incidence and prevalence will most
probably increase, and these therapies may reduce both the societal and individual
treatment burden. Although they are in the earlier clinical trial phases, the authors
consider that the cell-based therapies for dry AMD and gene therapy for wet AMD
are the more promising therapies for the future because they tend to correct the
source’s problem. The new COVID vaccines also represent a significant step in this
area, and these novel technologies may be future treatments for many other diseases.
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Chapter 6

Saponin-Mediated Rejuvenation
of Bruch’s Membrane: A New
Strategy for Intervention in

Dry Age-Related Macular
Degeneration (AMD)

Yunhee Lee, Eun Jung Ahn and Ali Hussain

Abstract

At present, there is no treatment modality for the vast majority of patients
with dry AMD. The pathophysiology of AMD is complex but current evidence
suggests that abnormal ageing of Bruch’s membrane imparts a metabolic insult to
the retinal pigment epithelium (RPE) and photoreceptor cells that leads eventu-
ally to the inflammatory-mediated death of these cells. Underlying mechanisms
contributing to the pathology of Bruch’s membrane include the accumulation of
‘debris’ and malfunction of the matrix metalloproteinase (MMP) system result-
ing in diminished metabolic support of the retina and inefficient removal of toxic
pro-inflammatory mediators. Saponins are amphipathic molecules that have a
hydrophobic tri-terpenoid lipid region and hydrophilic glycosidic chains that allow
for the dispersion of these deposits in Bruch’s and re-activation of the MMP system
leading to a 2-fold improvement in the transport properties of the membrane. Such
an intervention is expected to improve the bi-directional exchange of nutrients and
waste products, thereby slowing the progression of dry AMD. This will be the first
drug-based interventionist possibility to address dry AMD.

Keywords: macular degeneration, Bruch’s membrane, extracellular matrix, ageing,
saponins

1. Introduction

Blindness due to AMD is of great concern to the ageing elderly population since
the prevalence of the disease in Europe, in those aged 60 years and over has been
estimated to be 27.7% with a projected increase in numbers from 67 to 77 million
by 2050 [1]. Clinically, AMD is broadly divided into early, intermediate and late
(or advanced) forms. Early AMD is characterised by the presence of large drusen
and pigmentary abnormalities such as hypo- or hyperpigmentation of the fundus.
Progression to the late form results in geographic atrophy of the RPE followed by
photoreceptor degeneration, known as ‘dry’ AMD. The late phase is also associ-
ated with secondary complications of neovascular episodes (comprising 10-20%
patients), these being designated as ‘wet” AMD.
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The wet form of the disease can lead to rapid visual loss and considerable efforts
at intervention have resulted in anti-vascular endothelial growth factor (anti-
VEGF) intra-vitreal injections with a considerable degree of success in managing
the neovascularisation, but the underlying progression of the disease is not altered.
Thus, the vast majority of AMD patients (falling in the ‘dry’ AMD category) still
await the development of a suitable treatment modality that can either slow or
arrest the progression of the disease [2, 3].

The pathophysiology of AMD is highly complex due to the diverse genetic asso-
ciations and considerable gene-environmental interactions exacerbated by the addi-
tional association of dietary and cardiovascular risk factors [4-6]. Furthermore,
all these factors are superimposed on the normal ageing changes in the visual unit
making it very difficult to nominate specific targets for intervention. Since age is the
highest risk factor for the development of AMD, an understanding of the inherent
stresses in the visual system would allow us to predict the likely effect of additional
risk factors providing a more targeted approach towards therapy.

Briefly, in the visual unit, the photoreceptor is the primary site of sustained
damage producing highly toxic compounds that can trigger an inflammatory
response. However, this damage is rapidly transferred to the RPE by the daily shed-
ding of outer segment discs and phagocytosis. Since the RPE also operates in the
same oxidative environment as the photoreceptor cell, the engulfed discs undergo
further damage resulting in compromised lysosomal degradation. Non-degradable
material, comprising mainly lipofuscin-related products is either packaged and
stored in the RPE or extruded as membraneous debris onto Bruch’s membrane.
With age, this debris accumulates in Bruch’s compromising its ability to transport
nutrients, anti-oxidants, and vitamins essential for RPE and photoreceptor func-
tion. The toxic metabolites in Bruch’s are pro-inflammatory mediators and in the
normal elderly, lead to a low-grade inflammatory response [7]. In advanced ageing
associated with AMD, a chronic inflammatory response is precipitated leading to
the death of RPE and photoreceptors.

For therapeutic intervention to be effective, the functional aspects of the RPE
and Bruch’s membrane need to be restored. We will examine the compositional and
functional alterations of ageing RPE and Bruch’s membrane, nominate suitable
targets for intervention, and assess the potential for amphipathic saponin molecules
to reverse these ageing changes as a potential therapy for dry AMD.

2. Underlying stresses in the visual unit leading to ageing and
pathophysiology

Photoreceptor physiology is dependent on the supportive roles provided by the
RPE and Bruch’s membrane. Inherent stresses in these compartments lead to mor-
phological and functional deterioration manifesting as ‘normal’ ageing changes but
in the advanced ageing scenario of AMD culminate in the transition to pathology.
The stresses within each compartment of the visual unit will be identified, provid-
ing therapeutic targets for intervention.

2.1 Stresses generated in photoreceptor cells

The photoreceptor is a highly specialised neuronal cell capable of detecting a
single photon of light. Absorption of light by rhodopsin (R) present in the outer
segment disc membranes leads to isomerization of the 11-cis retinal chromophore
to its all-trans form (AT-RL), producing activated rhodopsin (R*). Amplification
of the light signal begins by rapid lateral diffusion of R* over the disc membrane
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and interaction with many transducin molecules. Such high mobility of R* requires
avery fluid membrane conferred by the high level of unsaturated docosahexanoic
acid (DHA) in its membrane phospholipids. Further enzymatic amplification

of the light signal by the guanalate cyclase-phosphodiesterase system leads to
closure of sodium channels in the outer segment membrane resulting in hyper-
polarisation of the cell and concomitant modulation of transmitter release. To
meet the energy demands of these processes, the photoreceptor maintains the
highest rates of oxidative metabolism of any cell in the body. Associated with this
activity is the release of damaging oxygen radicals by the mitochondrial electron
transport chain.

The presence of toxic retinoids, highly unsaturated fatty acids, high oxygen ten-
sion, high oxidative metabolism, and light is an explosive mixture for the generation
of free-radical mediated damage. Since released AT-RL is highly toxic, it is rapidly
reduced to all-trans retinol. However, AT-RL can react with phosphatidylethanol-
amine to form retinylidene-phosphatidylethanolamine (NRPE) [8]. NRPE can
react with a second molecule of AT-RL to form a bis-retinoid. Further modifications
produce a variety of all-trans retinal dimers including A2E, the auto-fluorescent
fluorophore of lipofuscin [9]. These bis-retinoids can undergo photo-oxidation
to form oxo-aldehydes which then react with proteins to form advanced glycation
end-products (AGEs) that are triggers of inflammatory processes [10].

Peroxidation of polyunsaturated fatty acids such as DHA results in fragmenta-
tion of the molecule leading to a mixture of compounds that bind to proteins
[11, 12]. Oxidation of DHA produces carboxy-ethyl-pyrrole (CEP)-protein adducts.
Thus, oxidation of PUFAs results in lipid aggregates, lipid-protein complexes, pro-
tein cross-link formation and CEP-adducts. These CEP-adducts have been localised
to the RPE and drusen and being strongly immunogenic, activate the immune
system [13].

Some protection from oxidative damage is afforded by the impressive anti-
oxidant machinery (vitamins C&E, macular pigments, and enzymes such as
catalase, perox