Current Drug Targets, 2011, 12, 221-233

Age Related Macular Degeneration and Visual Disability

John B. Christoforidis*l, Nicola Tecce?, Roberto Dell’Omo?, Rodolfo Mastropasquaz,
Marco Verolino® and Ciro Costagliola’

'Department of Ophthalmology, Ohio State University, Columbus OH, USA
Cattedra di Clinica Oculistica, Dipartimento di Scienze per la Salute, Universita degli Studi del Molise, Campobasso,

Italy

Unita Operativa di Oculistica, Presidio Ospedaliero di Boscotrecase, Azienda Sanitaria Locale Napoli 3 Sud, Italy

Abstract: Age-related macular degeneration (AMD) is the leading cause of central blindness or low vision among the
elderly in industrialized countries. AMD is caused by a combination of genetic and environmental factors. Among
modifiable environmental risk factors, cigarette smoking has been associated with both the dry and wet forms of AMD
and may increase the likelihood of worsening pre-existing AMD. Despite advances, the treatment of AMD has limitations
and affected patients are often referred for low vision rehabilitation to help them cope with their remaining eyesight. The
characteristic visual impairment for both forms of AMD is loss of central vision (central scotoma). This loss results in
severe difficulties with reading that may be only partly compensated by magnifying glasses or screen-projection devices.
The loss of central vision associated with the disease has a profound impact on patient quality of life. With progressive
central visual loss, patients lose their ability to perform the more complex activities of daily living.

Common vision aids include low vision filters, magnifiers, telescopes and electronic aids. Low vision rehabilitation
(LVR) is a new subspecialty emerging from the traditional fields of ophthalmology, optometry, occupational therapy, and
sociology, with an ever-increasing impact on the usual concepts of research, education, and services for visually impaired
patients. Relatively few ophthalmologists practise LVR and fewer still routinely use prismatic image relocation (IR) in
AMD patients. IR is a method of stabilizing oculomotor functions with the purpose of promoting better function of
preferred retinal loci (PRLs). The aim of vision rehabilitation therapy consists in the achievement of techniques designed
to improve PRL usage. The use of PRLs to compensate for diseased foveae has offered hope to these patients in regaining
some function. However, in a recently published meta-analysis, prism spectacles were found to be unlikely to be of
substantial benefit in people with age-related macular degeneration.

Prescription filters are one of the most beneficial visual aids for people with macular degeneration. In principle, one aims
both at reducing short-wavelength light to reduce glare and at identifying light with specific wavelengths (colours)
preferred by the patient for viewing. In both instances, such interventions result in apparent improved contrast sensitivity
and better visual acuity. Although specific tests are performed to determine the best colour, tint, lens material, and type of
frame for the patient's need, no scientific protocol has been developed so far to assist in prescribing tinted or selective
transmission lenses.

Magnifying optical lenses are available in a wide range of dioptric powers and are made from materials that correct for
weight (plastic), thickness (high index), spherical aberrations (aspherical), and variable light intensities (photochromatic).
These lenses can be used as loose lenses, mounted on optical frames, or used with a wide variety of attachments. As the
dioptric power of plus lenses increases, the viewing distance of the target decreases, hence their usefulness mainly for
tasks requiring near resolution acuity, like reading. Magnification can also be achieved with the use of telescopic devices
that are built of two or more plus and (or) minus (minifying) optical lenses. Normal resolution acuity levels can be
achieved with these devices for all viewing distances. Therefore, all telescopic devices are useful only for stationary
patient tasks that do not require mobility and orientation. Electronic magnification has the great advantage over plus
lenses of producing an acuity reserve enabling reading skills for almost all levels of visual acuity. The additional benefit
provided is preservation of binocularity, even at high levels of visual disparity between the two eyes.

Vision rehabilitation can help patients to maximize their remaining vision and adapt to activities of daily living. The
support of the patient’s social network is critical to patient’s well-being as patients adjust to being partially sighted.
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1) INTRODUCTION

Age-related macular degeneration (AMD) represents the
leading cause of central blindness or low vision among the
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elderly in industrialized countries [1-8]. AMD occurs in two
forms: dry (or non exudative) and wet (or exudative) (Fig.
1). Dry AMD takes place when the light-sensitive cells in the
macula slowly break down, gradually blurring central vision
in the affected eye. As dry AMD gets worse, a blurred spot
in the central portion of their vision appears. Over time, as
less of the macula functions, central vision is progressively
lost in the affected eye (atrophic form). Dry AMD generally
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affects both eyes asymmetrically, i.e. retinal modifications
can be advanced in one eye whereas in the other one they are
barely appreciable. The most common early signs of dry
AMD are drusen, accumulations of extracellular material
derived mainly from the retinal pigment epithelium (RPE)
and neural retina, located between the RPE and the Bruch's
membrane. Drusen may interfere with the blood supply to
the photoreceptors and may result in the degeneration of the
overlying RPE and photoreceptors. The photoreceptors and
the greater portion of the outer retinal layers receive
nourishment from the choriocapillaris indirectly, whereas the
inner retinal layers are supplied by the superficial and deep
capillary plexuses, formed by branches of the central retina
artery. Inner retina layers are known to show highest
sensitivity to hypoxic insults, whereas the outer retina is
more resistant to these stresses [9]. Hypoxia is probably the
most important risk factor involved in the development of
choroidal neovascularization; in fact, through the hypoxia
inducible factor (HIF-1), a stimulation of angiogenesis by
activating transcription of the gene for VEGF has been
demonstrated both in vitro and in vivo. This up-regulation of
growth factors then stimulates endothelial cell proliferation
[10]. Excess production of VEGF in hypoxic-ischemic
insults causes dysfunction of the blood-retinal barrier in the
inner retina, resulting in serum leakage into the retinal
tissues and retinal edema. Wet or exudative AMD occurs
when abnormal blood vessels start to grow under the macula,
into the subretinal space. These new vessels tend to be very
fragile, easily bleed and often leak fluid. Leakage into the
subretinal space separates the retina from the choriocapil-
laris, impeding the reabsorption of waste products by the
RPE and the availability of nutrients to sensorial retina. One
of the earliest symptoms consists of metamorphopsia or
distortion of lines. Damage to the macula often occurs
rapidly, resulting in further visual deterioration that may lead
to complete central vision loss. The major cause of severe
vision loss in wet AMD is due to the pathological neovascu-
larization under the retina, which produces a choroidal neo-
vascularization (CNV) lesion [10]. In humans, CNV severity
ranges from small haemo-dynamically stable lesions with
minimal visual loss to large and rapidly growing lesions
associated with hemorrhage, exudation, and neurodege-
neration [11]. CNV formation is triggered by angiogenic
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factors [12-14]; how the age-related changes stimulate the
growth of CNV is not yet completely understood. Vascular
endothelial growth factor A (VEGF-A), a diffusible cytokine
that promotes angiogenesis and vascular permeability, has
been identified as an important factor promoting CNV.
Beyond VEGEF, other cytokines —i.e. IL-2, IL-6, IL-8, and
tumour necrosis factor-alpha- have been related to the
activity of CNV [15]. Wet or exudative AMD progresses
more rapidly than does the dry form and represents a far
greater hazard to visual function.

2) DEFINITION OF VISUAL DISABILITY

Visual impairment encompasses a broad spectrum of
conditions ranging from fluctuation of vision, to failure with
discerning shapes or colours and difficulty with reading. The
definitions for visual impairment, low vision and blindness
follow those given in the International statistical classifica-
tion of diseases, injuries and causes of death, 10™ revision
(ICD-10): H54 where:

. visual impairment includes low vision as well as
blindness;
. low vision is defined as visual acuity of less than

6/18, but equal to or better than 3/60, or a corres-
ponding visual field loss to less than 20 degrees in the
better eye with best possible correction (ICD-10
visual impairment categories 1 and 2);

. blindness is defined as visual acuity of less than 3/60,
or a corresponding visual field loss to less than 10
degrees in the better eye with best possible correction
(ICD-10 visual impairment categories 3, 4 and 5).

The above definition puts together visual acuity and
visual field results. However, visual impairment is a
functional state rather than a numerical expression of visual
acuity or visual field eccentricity. The World Health
Organization (WHO) set a more comprehensive and working
definition that is: “A person with visual impairment is one
who has impairment of visual functioning even after
treatment and/or standard refractive correction, and has a
visual acuity in the better eye of less than 6/18 for low vision
and 3/60 for blind, or a visual field of less than 10 degrees

Fig. (1). Age-related macular degeneration: dry form (left) and wet form (right).
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from the point of fixation, but who uses or is potentially able
to use vision for the planning and/or execution of a task”
[16]. The WHO defines disability as a contextual variable,
dynamic over time and in relation to circumstances. The
degree of disability is evaluated based on the interaction
between the person and the individual, institutional and
social environments [17].

3) EPIDEMIOLOGY OF AGE RELATED MACULAR
DEGENERATION

Resnikoff et al. [17] have recently estimated the pre-
valence of low vision and blindness analyzing data from 17
WHO epidemiological sub-regions (Table 1). The model

Table 1. WHO Subregions. [Adapted from Resnikoff et al. (16)]

Subregion Studies

Afr-D Surveys from 19 countries
Afr-E

Amr-A
Amr-B
Amr-D

Surveys from 5 countries (included USA)

Emr-B Surveys from 5 countries
Emr-D

Eur-A Surveys from 10 countries
Eur-Bl
Eur-B2
Eur-C

No population based surveys were identified

Sear-B
Sear-D

Surveys from 8 countries

Wpr-A
Wpr-B1
Wpr-B2
Wpr-B3

Surveys from 8 countries

estimated the prevalence of blindness for three age groups:
children less than 15 years; adults from 15 to 49 years; and
adults aged 50 years and older with the following results
1.368, 5.181 and 30.308, respectively, expressed as number
(in millions) of blind persons, with a prevalence of world
blindness equal to 0.57 %. The prevalence of low vision was
estimated from the same surveys as were used to determine
the prevalence of blindness. Owing to the paucity of data on
age-specific prevalence of low vision the authors were not
able to build a similar model, so that a stratification of data
for age was not allowed. Thus, the world prevalence for low
vision was 2.0%, with an estimated number of 124 millions
affected people. The world leading cause of blindness was
cataract (about 50%), followed by glaucoma (12.3%) and
age-related macular degeneration (8.7%), as reported in
Table 1. The cause of blindness significantly differs between
industrialized and developing countries, where it is rep-
resented by AMD and cataract, respectively (Table 2).
Although childhood blindness remains a significant problem
(there are an estimated 1.4 million blind children below the
age of 15 years), its magnitude is relatively small when
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compared to the extent of blindness in adults: more than 82%
of all blind people are 50 years and older. Data pooled from
three population-based studies -the Beaver Dam Eye Study,
the Rotterdam Study, and the Blue Mountains Eye Study-
have estimated the prevalence of advanced age related
macular degeneration to be 0.2% in those aged 55—64 years,
increasing to 13% in those older than 85 years [18]. Thus,
age itself represents the strongest risk factor for AMD; all
population-based studies confirm that the prevalence of age-
related macular degeneration increases with age in white
individuals [19], whereas in blacks it is lower. There is likely
an unrecognized mechanism of protection, which may
account for this racial discrepancy [20]. It has been hypo-
thesized that increased levels of melanin could increase the
free-radical scavenging potential of the retinal pigmented
epithelium and Bruch’s membrane, thereby protecting
against the risk of developing advanced age-related macular
degeneration [19].

The number of women with visual impairment, as esti-
mated from the available studies, is higher than that of men,
even after adjustment for age. Female/male prevalence ratios
indicate that women are more likely to have a visual
impairment in every region of the world: the ratios range
from 1.5 to 2.2 [17]. Estrogen has been hypothesized as the
major culprit in mediation of this gender difference [21]; in
fact, female gender and late onset of menopause is associated
with less severe manifestations of vascular disease, whereas
estrogen depletion by menopause or ovariectomy is asso-
ciated with a more severe vascular disease progression [12].
However, in regression models that adjust for age as a
continuous variable, rather than by decade, the effect of sex
on risk of age-related macular degeneration was not statis-
tically significant [19].

AMD is caused by a combination of genetic and environ-
mental factors [22]. Among modifiable environmental risk
factors, cigarette smoking has been associated with both
forms of AMD and may increase the likelihood of worsening
preexisting AMD [22, 23]. Probably, smoking related oxida-
tive damage [24-26] may play an important role, since
oxidative stress has long been hypothesized to actively
participate in the development of AMD. Epidemiologic,
genetic, and molecular studies support a role for oxidative
stress in AMD [27, 28]. On the other hand, the Age-related
Eye Disease Study (AREDS) have shown that the intake of
antioxidants reduces the progression of AMD [29]. This
clinical and experimental evidence strongly suggests that
oxidative stress plays an important role in the pathogenesis
of AMD.

Systemic diseases such as hypertension and hyperlipi-
demia are believed to promote AMD, but the precise
mechanism is uncertain [30]. A recent study found that
cardiovascular risk factors do play a role in the development
of advanced AMD, particularly in Latinos. Chronic kidney
disease also carries an increased risk [31]. Other risk factors
include family history (especially first-degree relatives) and
obesity [30, 32]. Body mass index (BMI) has been studied in
some population-based studies with varying results. Results
from the Blue Mountains Eye Study, the Pathologies
Oculaires Lie’es a’ I’Age (POLA) study and the Beaver Dam
Eye Study suggest an increased risk for AMD among indi-
viduals outside the normal BMI range [33-35]. Moreover,
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Table2. Causes of Blindness as a Percentage of Total Blindness — by WHO Subregion, 2002. [Adapted from Resnikoff ez al. (16)]
Region Cataract Glaucoma AMD CO DR CB Trachoma Onchocerciasis Others
Afr-D 50 15 - 8 - 5.2 6.2 6 9.6
Afr-E 55 15 - 12 - 5.5 7.4 2 32
Amr-A 5 18 50 3 17 3.1 - - 3.9
Amr-B 40 15 5 5 7 6.4 0.8 - 20.8
Amr-D 58.5 8 4 3 7 53 0.5 - 13.7
Emr-B 49 10 3 5.5 3 4.1 32 - 222
Emr-D 49 11 2 5 3 32 5.5 - 21.3
Eur-A 5 18 50 3 17 2.4 - - 4.6
Eur-B1 28.5 15 15 8 15 3.5 - - 15
Eur-B2 35.5 16 15 5 15 6.9 - - 6.6
Eur-C 24 20 15 5 15 2.4 - - 18.6
Sear-B 58 14 3 5 3 2.6 - - 14.4
Sear-D 51 9 5 3 3 4.8 1.7 - 22.5
Wpr-A 5 18 50 3 17 1.9 0.025 - 5
Wpr-B1 48.5 11 15 3 7 2.3 6.4 - 6.8
Wpr-B2 65 6 5 7 3 3.6 3.5 - 6.9
Wpr-B3 65 6 3 3 5 9.5 43 - 4.2

AMD = age related macular degeneration
CO = corneal opacities

DR = diabetic retinopathy

CB = childhood blindness

Seddon and coworkers have found that both overall and
abdominal obesity increased the risk for progression from
early or intermediate disease to the advanced stages of AMD
associated with visual loss [36]. Lastly, the recent results
obtained by Peeters ef al. have confirmed the association
between changes in waist-hip ratio - a measure of abdominal
obesity- and AMD; in fact, middle-aged persons with a 3%
or greater reduction in this index were less prone to develop
AMD, particularly if initially obese [37].

4) DIAGNOSIS

Both forms of AMD cause loss of central vision.
Individuals with dry AMD will typically complain of blurred
vision as well as difficulty in seeing fine details clearly. In
the advanced stages, atrophic macular areas often coalesce,
creating central scotoma, or blind spots, in the central visual
field. This central visual loss compromises an individual’s
ability to perform basic tasks such as recognizing faces,
reading, and other activities of daily living. Individuals with
wet AMD will commonly present with visual distortion in
which straight lines appear crooked. A hallmark of con-
version from dry to wet AMD is a sudden and profound loss
or distortion of central vision. These visual changes occur as
a result of the acute degenerative changes in the macula -
most notably, subretinal and intraretinal hemorrhages from
choroidal neovascularization. Individuals will typically have
preserved peripheral vision in both processes.

Diagnosis of AMD is performed through a comprehen-
sive eye examination including visual acuity and contrast
sensitivity determination, Amsler grid evaluation, colour
vision testing, and dilated funduscopic examination. Intra-
venous fluorescein and indocyanine green angiographies

together with optical coherence tomography (OCT) are also
performed. Reduced contrast sensitivity makes the surround-
ing environment hazy or washed out; thus it can lead to
difficulties in: driving at night or in the rain or fog; judging
distances; walking down steps; recognizing faces; finding a
telephone number in a directory; reading instructions on a
medicine container; navigating safely through unfamiliar
environments. Loss of spatial awareness and poor mobility
or orientation can increase the risk of accidents such as falls.
Older adults who have poorer levels of contrast sensitivity
are more likely to experience a fall than those with better
contrast sensitivity. Patients with reduced contrast sensitivity
have severe problems reading low contrast text; for example,
coloured letters on coloured paper may cause great difficulty.
Table 3 reports examples of the impact of visual acuity loss
in patients with AMD. The Amsler test consists of a grid of
evenly spaced horizontal and vertical lines. A small dot is
located in the centre of the grid is used for focus for the
person taking the test. While fixating at the dot, the person
will look for wavy lines and missing areas of the grid. This
test is especially helpful for monitoring vision at home (Fig.
2). The Amsler Grid is not a substitute for regularly
scheduled eye exams, but rather it is particularly useful in
subjects with family history of AMD, especially for those
over the age of 50. Patients with other risk factors for the
disease, who are encouraged to do the Amsler test on a
regular basis. People who have already been diagnosed with
wet AMD should use the grid every few days to check for
changes in vision. Colour vision testing has not been found
to be useful in the diagnosis of AMD; however, it has been
reported that blue on yellow perimetry (short wavelength
automated perimetry) or colour matching can detect early
changes in AMD. Colour contrast sensitivity testing offers
significant advantages in speed and ease of administration,
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important for screening purposes, and although not widely
employed in AMD, small losses occur in otherwise symp-
tomless patients after a period as short as a year [38]. Colour
contrast sensitivity, measured using computer-generated
graphics, is able to detect and to follow early changes in
patients with (or at risk of) AMD before irreversible vision
loss has occurred. Other studies have shown that blue colour
contrast sensitivity may be a useful measure of the prog-
ression of age-related maculopathy before development of
atrophic or neovascular lesions, whereas red and green
colour contrast sensitivity did not change significantly [39].

Table3. Examples of the Impact of Visual Acuity Loss in

Patients with AMD
Visual Acuity Disability Estimates

NEAR NORMAL Difficulty reading printed materials - need

VISION strong reading lenses, bifocals, or magnifiers to

20/30 read normal size print

20/40 Restrictions may be imposed on driving
privileges in many US states and European

20/50 countries, dependant on the visual acuity scores

20/60 of each eye

MODERATE LOW May have difficulty reading large printed

VISION materials, even with a magnifier

20/80 Must rely on prescriptive low vision optical and

20/100 electronic devices for reading

20/125 Restrictive licenses and telescopic lenses
allowed in many US states for driving. Driving

207160 privileges lost in remaining US states

SEVERE LOW Extreme difficulties recognizing facial features

VISION and road signs

20/200 Must rely on prescriptive low vision optical and

20/250 electronic devices for reading

20/300 Reading slower than normal, may listen to the
news on the radio instead of reading the

207400 newspaper

PROFOUND LOW Reading is too laborious to be enjoyable

VISION Orientation and mobility problems

20/500 Must rely on high-powered prescriptive low

20/600 vision optical or electronic enhancement

20/800 devices

20/1000

The Optical Coherence Tomography (OCT) is a non-
contact, non invasive method to examine the retina by pro-
viding cross-sectional scans through the retina. Measure-
ments of the retinal thickness based on automatically set
border lines created by threshold algorithm provide infor-
mation concerning the amount of intraretinal fluid and
activity of the lesion. Although threshold algorithm failures
and fixation problems are common in age-related macular
degeneration evidence of reproducibility and repeatability of
maximum retinal thickness is expected. It allows retinal
thickness to be calculated as the distance between the
anterior and posterior highly reflective boundaries of the
retina, which are located by a thresholding algorithm. The
anterior boundary corresponds to the internal limiting
membrane and is well defined because of the contrast
between the non-reflective vitreous and the backscattering of
the retina. The posterior boundary is located just above the
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RPE band, and is thought to correspond to the signal of
photoreceptor and especially to the junction between inner
and outer PR segments. Ocular coherence tomography seems
to be particularly useful for detecting a feature that is
consistent with macular oedema but that is not easily seen on
biomicroscopy: serous retinal detachment. A number of
studies have demonstrated good reproducibility of OCT
measurements of single scans and retinal mapping in normal
eyes and in eyes with AMD [40]. In AMD the cross-
sectional appearances on OCT can identify several lesions,
including geographic atrophy (GA); soft drusen; subretinal
and intraretinal fluid accumulation; serous, hemorrhagic, and
fibrovascular detachments of the retinal pigment epithelium
(RPE); choroidal neovascularization (CNV); and scarring.
As a non-invasive technique that provides high-resolution
cross-sectional images of the fundus, OCT has become a
critical tool for the diagnosis and follow up of AMD, in
addition to fluorescein angiography (FA) and indocyanine
green angiography (ICGA) [41]. The goal of using OCT is to
correlate these observed structural changes with changes in
visual acuity (VA), not only to better understand the
mechanism of vision loss associated with AMD, but also to
understand the mechanism of VA benefits attributed to
various treatments.

Fluorescein angiography (FA) has played a major role in
understanding the natural history of neovascular AMD. With
the advent of OCT and anti-VEGF drugs, the role of FA for
clinical care has changed. OCT-determined retinal thickness
measurements have served as important endpoints in clinical
trials. However, time domain OCT images cannot provide
information parallel to FA such as lesion morphology which
has implications for treatment response. In fact, FA has
maintained its peculiarity to define the different lesions
characterizing AMD, and the exact knowledge of angio-
graphic lesion pattern allows us to carry out the best
available treatment option.

ICGA is an imaging method particularly useful for the
ophthalmologist, as it provides a more detailed representa-
tion of the choroidal circulation. The physical properties of
ICGA might make it potentially advantageous for the
assessment and management of AMD. Indocyanine green
angiography may be superior to FA for imaging choroidal
neovascularization located under subretinal haemorrhage
because of its physical characteristics: the longer, near-
infrared wavelengths used for excitation (805 nm) and emis-
sion (835 nm) can penetrate the retinal pigment epithelium
and choroid, and the near-infrared light is less absorbed by
haemoglobin. These physical characteristics allow greater
transmission of indocyanine green fluorescence, compared
with fluorescein fluorescence, from the underlying structures
through the blood layer [42]. FA allows visualization of
blood flow in retinal and choroidal tissues, permitting
diagnostic support in many ocular diseases. In particular, FA
has become a very important tool in the diagnosis and treat-
ment of chorioretinal diseases. However, limitations of FA in
imaging the choroid circulation and associated pathologies
prompted the use of alternative dyes to improve choroidal
angiography. Autofluorescence imaging and fundus reflec-
tance imaging offer new follow-up parameters for retinal
diseases. The combination of various macular diagnostic
tools, such as infrared, blue reflectance, fundus autofluore-
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Fig. (2). The Amsler Grid, as viewed through a normal (left) and an affected (right) eye.

scence, FA, ICGA, and OCT lead to a better understanding
and improved knowledge of macular diseases [43].

Genetic factors have been shown to contribute signi-
ficantly to the development of AMD. Variants at chromo-
some 1q32 (in the region of CFH) and 10q26 (LOC387715/
ARMS2) account for a large part of the genetic risk to AMD
and have been validated in numerous studies. In addition,
susceptibility variants at other loci, several as yet uniden-
tified, make substantial cumulative contribution to genetic
risk for AMD; among these, multiple studies support the role
of variants in APOE and C2/BF genes. Genome-wide
association and re-sequencing projects, together with gene-
environment interaction studies, are expected to further
define the causal relationships that connect genetic variants
to AMD pathogenesis and should assist in better design of
prevention and intervention [44]. Although the aetiology and
pathogenesis of AMD remain largely unclear, a complex
interaction of genetic and environmental factors is thought to
exist. Recently, important roles for oxidative stress, inflam-
mation, lipid metabolism, and angiogenesis have been
suggested. The role of oxidative stress is directly supported
by epidemiological studies demonstrating the increased risk
with smoking and, indirectly, by the protective effects from
antioxidants, nuts, fish, and omega-3 polysaccharide
unsaturated fatty acids [45]. Furthermore, the Age-Related
Eye Disease Study (AREDS), which involved 4757
individuals over the age of 55, demonstrated that daily intake
of high doses of vitamins such as vitamin C, vitamin E, beta
carotene, and zinc reduced the risk of progressing to
advanced stages of AMD by 25% [46]. A recent population-
based cohort study in Australia [47] demonstrated that high
dietary lutein and zeaxanthin intake reduced the risk of long-
term incident AMD and that high beta-carotene intake was
associated with an increased risk of AMD. Since chronic
systemic conditions such as hypercholesterolemia, hyperten-
sion, and diabetes mellitus are believed to be linked to the
development of AMD, controlling and adequately treating
these diseases may reduce the risk of developing AMD in at-
risk populations [48]. In light of these findings AMD may be
considered as the outcome of a complex interaction between
genetic disturbance and environment.

5) REHABILITATION

Despite advances, the treatment of AMD has important
limitations and affected patients are usually referred for low
vision rehabilitation to help them to best use their remaining
eyesight [49]. Loss of vision carries significant economic
and psychological costs for individuals and for society.
Diminished visual acuity has been associated with decreased
performance of instrumental activities of daily living, poorer
cognitive abilities, increased risk of falls, and ultimately
poorer health-related quality of life [50]. This condition is
amplified in the elderly population, where the limitations of
normal daily living due to concurrent pathologies typical of
the aging process influence negatively overall physical func-
tioning and emotional well-being. In fact, AMD is associated
with significant emotional distress and reduced functioning,
comparable to that of other serious chronic illnesses. High
rates of depression are reported in the elderly with low
vision, and depressed elderly with low vision have disability
not related to the severity of vision impairment. Depression
increases incident disability independently from socio-demo-
graphic factors, physical health status, cognitive functioning
and vision-related limitations. On the other hand, disability is
a major risk factor for depression in elderly populations.
Therefore, depression and physical disability, when present
together, can initiate a spiralling decline in the physical and
psychological health as well as quality of life [51].

The characteristic visual impairment for both forms of
AMD is loss of the central vision (central scotoma). This
loss results in severe difficulties in reading that may be only
partly compensated by magnifying glasses or screen-
projection devices. Facial recognition and other essential
everyday tasks also may become difficult or even impossible
for affected patients. Thus, AMD challenges the adaptational
resources of affected individuals and frequently leads to a
severe psychological burden [52]. Older adults with AMD
want to understand their vision loss and learn strategies to
manage their everyday lives. In the absence of successful
medical cure, health education programs, which mediate the
negative impact of AMD on the daily lives of older adults,
play a key role in the management of this condition. The loss
of central vision associated with the disease has a profound
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impact on the quality of life. It is devastating to the point to
be unable to read a newspaper or recognize facial expres-
sions. With increasing loss of central vision, patients lose
their ability to perform more complex activities of daily
living. Elderly persons with macular degeneration will
require help with simple tasks such as cooking (e.g., reading
recipes and finding ingredients), paying bills and taking
medications. As they become unable to drive, they need help
to get to medical appointments and to visit friends and
family, contacts that are crucial in preventing isolation and
subsequent depression. Working elderly patients may worry
about losing their income or their ability to achieve life
goals. Patients may dramatically feel no longer self-
sufficient, changing their self-image of an active person. In
this way, elderly patients may have additional expenses for
help with daily activities and travel. To minimize their
discomfort, patients should be encouraged to consider ways
to maximize their remaining vision. Low-vision profes-
sionals can be of great support in assessing residual vision,
recommending optical aids and devices, and providing
training for their optimal use. Social workers should be
contacted to help patients and families, to take advantage of
state and federal resources, and to refer patients to specia-
lized centres. Support groups can provide ongoing help and a
forum for sharing feelings, frustrations and solutions.

Common vision aids include [53]: low vision filters,
magnifiers, telescopes and electronic aids. Low vision reha-
bilitation (LVR) is a new subspecialty emerging from the
traditional fields of ophthalmology, optometry, occupational
therapy, and sociology, with an ever-increasing impact on
the usual concepts of research, education, and services for
visually impaired patients. Relatively few ophthalmologists
practice LVR and fewer still routinely use prismatic image
relocation (IR) in AMD patients. IR is a method of stabi-
lizing oculomotor functions with the purpose of promoting
better function of preferred retinal loci (PRLs). As fixation
frequently shifts to a non-foveal location, an adaptation of
the oculomotor system is necessary to search for, position
and stabilize visual targets. During such an adaptation,
individuals develop one or several eccentric locations in the
visual field that enable them to achieve fixation and reading

Fig. (3). “Pseudo-fovea”.
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[54-56]. Eccentric PRLs develop in approximately eighty-
four percent of affected eyes [57]. The factors determining
the development of a PRL at a precise location relative to the
scotoma are still not well known. Prisms incorporated into
spectacles redirect images entering the eye to the new,
eccentrically developed “pseudofovea” (Fig. 3). The pseudo-
fovea, which may also spontaneously occur in cases of
macular loss, serves as a PRL for perception of visual
stimuli. The aim of vision rehabilitation therapy consists of
the achievement of techniques designed to improve PRL
usage. The use of PRLs to compensate for diseased foveae
has offered hope to these patients in regaining some function
[58] although in a recently published meta-analysis (which
included randomised and quasi-randomised trials) prism
spectacles resulted unlikely to be of very large benefit in
people with age-related macular degeneration [53].

Prescription filters are one of the most important visual
aids that may benefit people with macular degeneration. In
principle, one aims both at reducing short-wavelength light
to reduce glare and at identifying light with specific
wavelengths (colours) preferred by the patient for viewing.
In both instances, such interventions result in apparent
improved contrast sensitivity and better visual acuity. The
filters available for this purpose have various cut-off limits
between 450 and 800 nm. The 450 filter is yellow and most
suitable for indoor use or outdoors under reduced light
conditions. The higher-numbered filter series (e.g., 510, 527,
550, 600) are darker and suitable only for outdoor use. No
scientific protocol has been developed so far to assist in
prescribing tinted or selective transmission lenses, although
specific tests are performed to determine the best colour,
darkness, lens material, and type of frame for the patient's
need [59]. Moreover, sunglasses protect the surviving cells
of the macula from damages secondary to UV exposure. It is
even more important for those adults who have already
undergone cataract surgery whose retina is more susceptible
to this kind of insult. The use of UV filters in these patients
also exerts therapeutic effects; unfortunately, many AMD
patients have not been prescribed dedicated sunglasses and,
consequently, their vision is not optimal nor are they
protecting their eyes to the fullest level possible.

PREFERRED
RETINAL
LOCUS

MACULAR
SCAR
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Magnifying optical lenses are available in a wide range
of dioptric powers and are made from materials that correct
for weight (plastic), thickness (high index), spherical aberra-
tions (aspherical), and variable light intensities (photochro-
matic). These lenses can be used as loose lenses, mounted in
optical frames, or used with attachments as varied as the
imagination allows. As the dioptric power of plus lenses
increases, the viewing distance of the target decreases, hence
their usefulness mainly for tasks requiring near resolution
acuity, like reading. In spite of this advantage, binocular
vision with plus lenses is almost impossible at less than a 10
cm viewing distance, and at less than 5 cm, monocular visual
perception becomes tedious and not easy. The prescription of
choice is for frame-mounted lenses if the magnification
required is achieved by plus lenses up to approximately 10
diopters. If the patient is binocular, base-in prisms should be
incorporated into the near prescription. If the magnification
required is achieved with lenses stronger than 10 diopters,
handheld or otherwise-mounted plus lenses are most useful.
It is easier to compensate for eye-lens distance with
handheld magnifiers than with stand magnifiers. When the
magnifier is held at a distance greater than the focal length,
the patient can use the distance prescription glasses with the
magnifier. Whereas when the eye-lens distance is greater
than the focal length, the reading prescription for accom-
modation at near distance needs to be used [59].

Magnification can also be achieved with telescopic
devices that are built of two or more plus and (or) minus
(minifying) optical lenses. Normal resolution acuity levels
can be achieved for all viewing distances. Therefore, all
telescopic devices are useful only for stationary patient tasks
that do not require mobility and orientation. Most telescopic
devices prescribed for low vision patients provide between
x2 and x4 magnification. The main application of telescopes
is for improvement of resolution acuity. Their prescription in
LV patients is for rehabilitation of vision for all distances,
taking into account the priority task identified by the patient
for rehabilitation. They are a desirable substitute for high
plus lenses used for near distance magnification, allowing
the same resolution acuity at a farther distance from the eyes.
Telescopes with lower magnification specifications also
offer reasonable page navigation abilities. The use of tele-
scopic devices for viewing distant targets is different in
patients who are mobile than those who are mostly sedent-
ary. Mobile patients will use telescopic devices for inter-
mittent spotting, such as a freestanding unit kept in the
pocket or attached to a cord around the neck, with up to X6
magnification. Sedentary patients can use telescopic devices
for more prolonged periods of time, for example, for viewing
television, many using binoculars with lower magnifications
up to X3. Modern bioptic eyewear design has evolved from
large telescopic tubes to include many small lightweight
systems that have improved patient acceptance of such
devices. Many patients prefer fixed-focus telescopes with no
need for focus adjustments or automatic focus telescopes
[60].

Electronic magnification has the great advantage over
plus lenses of producing an acuity reserve enabling reading
skills for almost all levels of visual acuity. The additional
benefit provided is preservation of binocularity, even at high
levels of visual disparity between the two eyes. Electronic
magnification is divided between closed circuit television

Christoforidis et al.

systems (CCTV) and adaptive computer hardware and
software. A CCTV unit uses a video camera to project a
magnified image onto a video monitor, a television screen,
or a computer monitor. They permit variable magnification
levels, manipulation of contrast and brightness, with colour
or reverse polarity, and binocular vision. All video
magnifiers offer the option of viewing black letters on a
white background or white letters on a black background
[59].

Vision rehabilitation can help patients maximize remain-
ing vision and adapt activities of daily living. Families will
need encouragement in providing support and assistance as
patients adjust to being partially sighted.

6) CONCLUSIONS

The major factors contributing to the development of
severe AMD appear to be primarily familial/genetic, imme-
diately followed by aging and environmental risk factors
[61]. In fact, smoking, cardiovascular disease, chemical
exposure, sunlight, and nutritional factors have been strongly
associated with the development of AMD [62-64]. Currently,
there is very little we can do about age, because it is most
likely a surrogate risk factor for other potentially more
important factors, for example, mitochondrial functioning, as
well as the genetic makeup of each patient. By contrast, we
can counteract the so-called “modifiable factors” responsible
of AMD pathogenesis, better informing the exposed popu-
lation: use of UV filters, cessation of smoking and embrac-
ing a diet rich in natural antioxidants. The search for other
modifiable risk or prognostic factors is important because it
is through modification of these factors that we may affect
the development or progression of AMD, which in the
expanding elderly population brings a high level of visual
disability and social cost. The substantial variety in presen-
tation, natural history of progression and associated risk
factors suggests that several phenotypes of AMD may exist
and different patterns of disease progression and functional
impairment may reflect distinct underlying aetiologies. Thus,
there is great interest in preventing the growth of new vessels
before a severe loss of visual function occurs.

Despite the fact that many ophthalmic problems are pre-
ventable or treatable, inadequate or delayed eye care might
result in permanent visual loss and/or visual disability for
many patients. In cases of bilateral early AMD, visual acuity
may be normal in both eyes and many patients are
asymptomatic. A few may complain of symptoms, such as
difficulty in reading in dim light, metamorphopsia and prob-
lems with dark adaptation after exposure to sunlight, indica-
ting retinal functional deficit not unveiled by traditional
measures of visual acuity. In some people, the onset of
neovascular AMD in the first eye can be asymptomatic,
particularly if the loss has occurred in the non-dominant eye
or in an extrafoveal location. Frequently, a patient may only
seek help when the second eye becomes involved [65].
Therefore, in patients over the age of 50, the measurement of
visual acuity by using commonly available distance acuity
charts is inadequate for the assessment of functional deficit
in early AMD and also for monitoring progression of the
disorder [66] and longitudinal studies have confirmed that
visual acuity is a poor predictor for conversion to



Age Related Macular Degeneration and Visual Disability

neovascular AMD [67]. Nonetheless, in terms of the ease of
use and widespread availability, acuity testing using the
LogMAR or EDTRS chart is commonly undertaken since a
large acuity measurement range is possible and crowding
effects are better controlled. LogMAR charts by virtue of
their design have better reproducibility and sensitivity to
acuity changes when compared to the standard Snellen chart
[68]. Moreover, the functional deficit consistently noted to
predict conversion to neovascular AMD appear to be a
combination of S-cone sensitivity, flicker sensitivity and
dark-adapted sensitivity and glare recovery [65]. Obviously,
we cannot perform all these tests with each potential patient,
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both for the direct and indirect costs related to this imp-
ressive procedure, and because a consensus on what could be
the most reliable test for the early detection of AMD has not
yet been obtained. Ideally, the tests would be robust to
physiologic age-related decline of visual function as well as
functional impairment due to medial opacities and other co-
existing pathology. Reliable screening tests are also required,
and should be cost effective and easy to perform in order to
facilitate self-monitoring at home. Early detection of AMD
is becoming increasingly important as new treatments
continue to emerge, which are able to minimise disease
progression and to arrest visual decline [69].
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A Very Simply Tool for the Management of Age Related Macular Degeneration: A Summary Worksheet for the Follow-
Up of Affected Patients

Age related macular degeneration (AMD) is the leading cause of vision loss and/or visual impairment in developed
countries [1]. While its precise actiology has yet to be ascertained, AMD is generally regarded as a multi-factorial disease. Risk
factors include age, presence of soft drusen (yellow white deposits), macular pigmentation change, hypertension, smoking, and
positive family history. The precise cause of the disease is yet unknown, although an exponential increase in frequency with
age has been reported [2]. The main effect of AMD is to reduce the ability of the individual autonomy in the everyday activities
that require clear central vision. AMD typically affects patient’s one eye, with a high likelihood of it occurring in the second
eye over time. The disease, in its early stages, develops slowly and asymptomatically over a number of years.

Age is the strongest risk factor for AMD; all population-based studies confirm that the prevalence of AMD increases with
age in white individuals. Female sex may be a risk factor in individuals aged over 75 years, with the relative risk for
neovascular age-related macular degeneration in women possibly as much as twice that observed in age-matched men [3]. At
present, there is neither a prevention nor a cure. Palliative treatments, which seem to be able to retard the progress to some
extent, include the use of lasers, dynamic phototherapy, anti-VEGF and, sometimes, surgery.

AMD is a chronic disease; by definition, chronic diseases are diseases of long duration with generally slow progression. It is
worthwhile to establish the progression rate of the disease, through a customized follow-up (also including the management of
other pathologies known to be risk factors of AMD, i.e. cardiovascular disease, high blood pressure, diabetes), since early
detection of macular degeneration increases the chances of preventing serious vision loss. Patients older than 40 years should
get a checkup every two to four years, and those older than 65 years, every year or two. In patients with a positive family
history of macular degeneration, the checkups should be performed more frequently. Moreover, for those patients who are
already diagnosed with an early stage AMD should be suggested a regular monitoring with an Amsler grid, at home.

Over time, the collected data from each patient become numerous and difficult to analyze. Knowledge of the medical
history along with any of the results of detailed follow-up is crucial for future therapeutic decisions.

In an effective monitoring system:
- Data collection is a routine activity;
- Data are collected regularly and over time, so trends in the indicators can be monitored;
- Data are used to identify the presence and causes of problems that can result;
- Data are used to manage decisions.

A monitoring system not only collects information and outcomes, but also focuses on processes to determine if the
treatment is indicated. For these purposes several tools have been developed by single researcher, by hospital team work and by
scientific societies. These tools are designed to be flexible, easy to present, and most importantly, customizable to the needs of
each individual patient.

In this appendix we report a very simply tool for the management of AMD: a summary worksheet for the follow-up of
affected patients (Fig. 1).
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There are three major steps in establishing a monitoring system: (a) decide what information you need, (b) collect the data,
and (c) use the information and results. The detailed steps in designing and implementing a monitoring system are the
following:

e Step one: Decide what Information you Need

Select the information to be monitored. Numerous outcomes from AMD patients are recorded, but not all of them can be
monitored. Monitoring should focus on those findings which are considered to have the highest priority. As displayed in Fig.
(1), these findings are: demographic patient’s data, the therapy followed by the patient, the side effect and/or adverse event
reported with that therapy, the macular thickness and the visual acuity, as number of letters perceived at the ETDRS chart, and
the exams performed (fluorescein and/or indocyanine green angiographies).

N® e, SUMAME 1. iviieeie e e e e e en e raeraas Name ... Diagnosis ................. OD OS Date.......ccowevnnnn.

Date
Therapy
Side-Effects

500 — ——
60

475

55

450

50

425

45
400 --

40

35

375

350

30

25

325

300

20

275

15

250

10

5

225

200

FAG=F
IcG=|

THERAPY : AVASTIN=A; LUCENTIS=L; MACUGEN=M; TRIAMCINOLONE =T; DESAMETHAZONE=D; PDT=P; PDTLOW FLUENCE = F; VITRECTOMY = V.
SIDE EFFECTS : 1 = MACULAR HEMORRHAGY +/++/+++; 2 = RETINAL DETACHMENT ; 3 = INFLAMMATION +/++/+++ ; 4 = ENDOPHTHALMITIS ; 5 = OCULAR HIPERTENSION ;
6= MACULAR FIBROSIS +/++/+++; 7=CRVO; 8=BRVO; 9= SYSTEMIC VASCULAR ACCIDENT ; X = ARTERIAL HYPERTENSION.
ANGIOGRAPHY : FA-ICG = F- | +/++/+++ ETDRS reading at.ccc.cocoooee RETINAL THICKNESS......ccccoeeeees A

Fig. (1). Worksheet.

e Step Two: Collect the Data

Choose appropriate data collection methods. Monitoring data may be collected through a variety of methods; each method
has its advantages and disadvantages, and none is adequate for all situations. Using a combination of methods is usually more
reliable. The right combination of methods depends on the resources available (including time), the familiarity of the data
collectors with the method, and the specific performance indicators of interest. Data collection forms should be reviewed with
the intended users of the forms and field-tested to verify their appropriateness.

The monitoring strategy involves, determining whose performance will be monitored, the optimal frequency for data
collection, how the existing information and the monitoring systems will be used effectively for monitoring purposes, and how
the accuracy and validity of the data will be ensured.

e Step Three: Use the Information and Results

After data collection, they should be interpreted. Data analysis seeks to determine the overall performance level of the
outcomes, identify best and worst results, and identify patterns or trends in performance. Once the data are collected regularly,
they must be stored in an accessible form and location that allows for regular updating of monitoring data.
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This summary worksheet provides a simple observation, which is an immediate understanding of the extent of disease and
its trends. The following example is a representative for the follow-up of a classic CNV secondary to AMD (Fig. 2).

N° .1 SUMAME oot eaes Name ......cooooe i Diagnosis ................. OD OS Date.....ccccoee...
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Side-Effects 1+ 6+
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THERAPY : AVASTIN=A; LUCENTIS=L; MACUGEN =M ; TRIAMCINOLONE =T; DESAMETHAZONE=D; PDT=P; PDTLOW FLUENCE = F; VITRECTOMY = V.
SIDE EFFECTS : 1 = MACULAR HEMORRHAGY +/++/+++; 2 = RETINAL DETACHMENT ; 3 = INFLAMMATION +/++/+++ ; 4 = ENDOPHTHALMITIS ; 5 = OCULAR HIPERTENSION ;
6= MACULAR FIBROSIS +/+#+/+++; 7=CRVO; 8=BRVO; 9 = SYSTEMIC VASCULAR ACCIDENT ; X = ARTERIAL HYPERTENSION.
ANGIOGRAPHY : FA-ICG = F- | +/++/+++ ETDRS reading at....con RETINAL THICKNESS.......cccoo0euue A

Fig. (2). Classic CNV secondary to AMD: follow up. Worksheet of a classic CNV. At the first check an active CNV is recognized (F + +, in
the last line of the sheet), with 20 letters of visual acuity (VA) perceived and a macular thickness of 400 p; the therapy performed has been IV
avastin two days after the diagnosis (A2). At the next check, a month later, a noticeable improvement of VA, as well as a significant reduction
of macular thickness has been recorded, and the two lines already crossed at the end of the first month. Then everything went well up to the
ninth month, where both 12 letters were lost and 100 p of increased macular thickness occurred. FA showed a reactivation of the CNV (F +),
and IV Avastin was repeated two day later (line therapy A2). Again a recovery and good management of CNV was obtained during a 3 month
period, after which a fall of 15 letters in VA and an increase in macular thickness of 380 p was recorded. In the third line form the top is
reported that a side effect occurred, i.e. a dense macular hemorrhage (1 + +). FA shoved a CNV reactivation (F +), and the therapy was
accordingly modified: IV of Avastin plus triamcinolone on the day after the visit (T /A 1). An improvement of macular thickness, which came
back to the previous values, was registered whereas the VA being established at lower levels. This event is explained by the occurrence of
another side effect, i.e. the development of a late macular fibrosis (6 +), faithfully reported on the third line from the top.

The use of this summary worksheet provides an overview of the patient's treatments, procedures performed, and progress
notes. The list of treatments provides all current treatments for AMD which the patient has undergone. It also includes the
frequency, the date, the timing and the eventual changes of treatment. The list of side effects and/or adverse events gives the
opportunity to know, add, modify, and change the therapeutic approach. The line obtained by joining the retinal thickness value
for each check point (morphological data) together with that obtained by combining the letters perceived at every check
(functional data), and their placement in the paper (left, centre, right), allow us to appreciate rapidly the trend over time,
whereas the distance between the two curves is an indicator of the progress (major) or deterioration (minor) of the clinical
picture.
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