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Introduction

Age-related macular degeneration (AMD) is the
leading cause of blindness and visual disability in
patients aged over 60 years in Europe and North
America.1 It is the third leading cause of blindness,
behind cataract and glaucoma, causing 8.7% of all
legal blindness across the world.2 AMD is a disease
with progressive, painless loss of central vision
associated with ageing. AMD is widely classified
into ‘dry’ and ‘wet’ types. ‘Dry’ AMD accounts for
10% of patients with visual loss3 and can be further
classified into early, intermediate and late stages
characterized by the presence of hyper and/or
hypo-pigmentation with drusen within the
macula. Studies have shown that drusen size is
an important risk factor for predicting risk of
advanced AMD. Large drusen are defined as those
(within 2 standard disc diameters of the centre of
the macula) with (shortest) diameter greater than
or equal to that of an average normal retinal vein at
the disc margin, considered to be approximately
one-twelfth disc diameter or approximately 125 µm,
when the average disc diameter is taken as 1500 µm;
intermediate drusen are those with a disc diameter
greater than or equal to one-half that of large
drusen (63 µm).4

Drusen are extracellular deposits that accumu-
late between the basal lamina of the retinal pig-
ment epithelium (RPE) and the inner collagenous
layer of Bruch’s membrane in the human eye. They
are typically associated with advancing age and
are commonly observed in a variety of chorio-
retinal pathologies, including age-related macular
degeneration. It is believed that local chronic in-
flammation through the activation of the alternative
complement pathway with enucleation of drusen
core. The consequent expansion affects the retinal
pigment epithelium resulting in advancement

from early to late stages.5 Late ‘dry’ AMD (geo-
graphical atrophy) and ‘wet’ AMD (choroidal neo-
vascularization) are both classified as advanced
AMD. Diagnosis and management of both these
types of conditions differ.

Risk factors associated with AMD

Age-related macular degeneration is a complex
multifactorial disease with increased age being the
strongest risk factor associated with AMD.6 Other
consistently associated risk factors include genetic
markers7,8 and cigarette smoking.9 Women are
more likely to develop AMD compared to men as
are Caucasians compared to Afro-Carribeans.10

Research studies suggest a link between obesity
and the progression of early and intermediate
stage AMD to advanced AMD.11,12 Hypertension
has also been linked to increased chances of devel-
oping AMD.13,14

Pathogenesis of AMD

Vision impairment in dry AMD occurs due to
atrophic changes in the macular retinal pigment
epithelium (RPE), together with degeneration of
the photoreceptors resulting in central blurring
of the affected eye.15 Drusen are insoluble lipid
deposits that accumulate between the inner colla-
genous zone of Bruch’s membrane and the retinal
pigment epithelium, representing the hallmark of
AMD.16 Cellular debris gets entrapped between
Bruch’s membrane and RPE provokes a local in-
flammatory response that activates complement
and cytokine production. Proteins and lipids
encapsulate this cellular debris due to this inflam-
matory process leading to drusen formation.17 The
alternate complement pathway is thought to be
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associated with this inflammatory process. Posses-
sion of ‘at risk’ polymorphisms in the complement
factor H genome is believed to associated with
development of AMD.18,19

Drusen can be visualized by ophthalmoscopy
with early AMD sufferers having either several
small drusen or a few medium-sized drusen. At this
stage vision may not be affected at all. Intermediate
AMD sufferers have either many medium-sized
drusen or one or more large drusen. There may be
some blurring of vision at this stage. In addition to
drusen, patients with advanced ‘dry’ AMD (late
type) have a breakdown of photoreceptor cells and
supporting tissue in the central retinal area there-
fore termed ‘geographical atrophy’. Vision can be
affected in such patients, however as changes can
take years to develop, these individuals learn to
adapt very well and can remain asymptomatic until
they develop severe visual disturbance.

‘Wet’ AMD, also known as neovascular AMD, is
preceded by ‘dry’ AMD and is characterized by
choroidal neovascularization (CNV). CNV is the
formation of abnormal blood vessels, which grow
from the choroid to develop in or under the retina.
These blood vessels may bleed into the subretinal
space resulting in oedema and damage.20 Vascular
endothelial growth factor (VEGF) has been found
to be a potent inducer of CNV.20,21 Neovascular
AMD is further divided into classic, occult or mixed
types, based on its appearance under fluorescein
angiography. Patients with neovascular AMD usu-
ally report a sudden deterioration in vision that
may be associated with distortion of the image.

How is AMD diagnosed?

Patients with early ‘dry’ AMD are usually asymp-
tomatic which may progress to blurring of vision
and loss of central vision. Patients with ‘wet’ AMD
usually report a sudden deterioration in vision
which may be associated with distortion of the
image, due to the fluid and haemorrhage build-up
in the subretinal space. This can be further tested
with an Amsler grid. Patients report wavy, rather
than straight lines, and missing lines on the grid.
The Amsler grid can be used in monitoring pro-
gression in other retinal diseases affecting the
macula that cause central scotomas and distortion.
Visual acuity tested with a Snellen chart is mark-
edly reduced.

If ‘wet’ AMD is suspected, fluorescein angiog-
raphy and ocular coherence tomography (OCT)
based on laser interoferometry is used to investi-
gate and confirm this. As mentioned above, neo-
vascular (wet) AMD can be divided into classic,
occult or mixed types, based on its appearance
under fluorescein angiography. On a fluorescein
angiogram, classic CNV has a distinct border
while occult CNV has diffuse and poorly-defined
edges. The fluorescein dye fills the ‘classical’ CNV
membranes in a well-defined lacy pattern while
‘occult’ lesions fill the membrane in a less well
demarcated way. By identifying intraretinal, sub-
retinal or sub-RPE fluid, OCT helps identify the
type of neovascular AMD. CNV can have differing
appearances on OCT.23 ‘Classic’ CNV may appear
as a highly reflective fusiform thickening between
the retina and the hyper-reflective external band
that corresponds to the RPE/Bruch’s membrane/
choroid. Elevation of the RPE or irregularity of
the external hyper-reflective band is more typical
of ‘occult’ CNV. Interpretation of OCT images
should, however, be correlated with both clinical
examination and fluorescein angiographic find-
ings. It is important to determine the type of CNV
in order to tailor treatment (Figure 1).

Management

‘Dry’ AMD

Low vision aids are useful in treating early ‘dry’
type AMD but once early ‘dry’ AMD reaches the
advanced stage, no form of treatment can prevent
vision loss. Treatment and monitoring can delay
and possibly prevent intermediate ‘dry’ AMD
from progressing to advanced AMD. Age-Related
Eye Disease Study (AREDS)22 found that taking a
specific high-dose formulation of antioxidants and
zinc significantly reduces the risk of advanced
AMD and its associated vision loss. However
use of antioxidants and zinc does not help in the
primary prevention of AMD.24 Additionally the
use of beta-carotene supplements is only recom-
mended for those without any smoking history as
current or former smokers on beta-carotene sup-
plement have an increased risk of developing lung
cancer.25 AREDS2, initiated in 2006, is a multi-
centre randomized trial designed to evaluate the
effects of the oral supplementation of high dose
dietary xanthophylls (lutein and zeaxanthin) that

Age-related macular degeneration

J R Soc Med 2009: 102: 56–61. DOI 10.1258/jrsm.2009.080298 57



accumulate in macula and/or two omega-3 long-
chain polyunsaturated fatty acids (LCPUFAs),
docosahexaenoic acid and eicosapentaenoic acid
for treatment of AMD and cataract. The primary
objective of AREDS2 is to evaluate the effect of
dietary xanthophylls (lutein/zeaxanthin) and/or
omega-3 LCPUFAs (DHA and EPA) on progres-
sion to advanced AMD. This objective will be
accomplished by collecting and assessing the data
on approximately 4000 AREDS2 participants aged
50 to 85 years, who at the time of enrollment have
either: (1) bilateral large drusen; or (2) large drusen
in one eye and advanced AMD (neovascular AMD
or central geographic atrophy) in the fellow eye.
Enrolment has been completed in 2008 and
follow-up will be between five and six years.26

‘Wet’ (neovascular) AMD

Recent advances in AMD have been related to the
management of neovascular macular degenera-
tion. Previously (before 2000) the only available
treatments for neovascular macular degeneration

were laser therapy and surgical procedures. Ther-
mal laser therapy was used to photocoagulate the
CNV that invariably resulted in destruction of
the overlying retina while surgical techniques
attempted to remove the CNV under the macula or
translocate the macula to an area of the fovea with-
out choroidal neovascularization. Results of both
modes of treatment were suboptimal associated
with poor visual outcomes and high recurrence
rates.27,28

Since 2000, photodynamic therapy with verte-
porfin was being used to treat certain types of
choroidal neovascular membrane. Verteporfin
(injected intravenously) is a photosensitizer that is
activated when exposed to low-intensity light of a
specific wavelength. Activation of verteporfin in-
duces the formation of free radicals that directly
damage endothelial cells and induce secondary
platelet adhesions, degranulation and thrombosis
with subsequent occlusion of the abnormal vessels.
This specifically destroys the choroidal neovascu-
lar membrane without damage to the overlying
retina. Treatment indications were indicated
specifically for actively leaking true classic (100%)
and predominantly (>50%) classic membranes ac-
cording to the TAP 1 and 2 studies.29,30 Severe ad-
verse events associated with the procedure include
visual disturbance and vision loss (2.6%), injection
site events (13.1%), infusion-related back pain
(2.4%) and photosensitivity reactions (2.4%).31,32

Results with this technique were marginally
better compared to previous techniques. It moder-
ately reduces further vision loss but only rarely
improves visual acuity.29–32 Additionally the high
recurrence rate of choroid neovascularization fol-
lowing the procedure compromises the success of
the therapy.29–32

All the above-mentioned procedures were
found to have poor outcomes with high recurrence
rates. This lead to the rapid and widespread search
for better modes of treatment. As mentioned ear-
lier, vascular endothelial growth factor (VEGF), an
angiogenic factor, has been found to be a potent
inducer of choroidal neovascularization in macu-
lar degeneration.20,21 This led to the development
of anti-VEGF antibody molecules that inhibit
neovascularization and oedema. Several such anti-
VEGF drugs are currently available for the treat-
ment of neovascular macular degeneration.

Pegaptanib sodium (trade name: Macugen) is a
highly selective anti-VEGF factor with angiogenic

Figure 1

A, Fundus photograph showing focal changes in the right eye at

the macula, with the presence of drusen and focal thickening of

the retina; B–D showing early to late phases of fluorescein

angiography demonstrating hyperfluorescence in the area of focal

thickening confirming the presence of a true classic CNV

membrane associated with an adjacent sub-retinal pigment

epithelial detachment
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and antipermeability effects. It is injected into the
eye, intravitreally, every 6 weeks for 2 years. It stabi-
lizes vision in 70% of patients with neovascular
AMD but only improves vision in 10% of patients.33

Bevacizumab (trade name: Avastin) is a full-length
recombinant humanized monoclonal anti-VEGF an-
tibody and binds all forms of VEGFA, unlikely
pegaptanib that selectively binds to VEGF165. Beva-
cizumab was initially licensed for the use of meta-
static colorectal cancer. However, it was successfully
shown to reduce subretinal fluid and stabilize vi-
sion,34 and improve vision35 when administered in-
travitreally in patients with neovascular macular
degeneration. This is an ‘off label’ therapy which has
not been licenced by the FDA and therefore as there
is no published randomized clinical trial on CNV
treatment, its use in clinical practice is debatable.

Ranibizumab (trade name: Lucentis) is the
antigen-binding fragment of an anti-VEGF anti-
body developed by the same company as bevacizu-
mab specifically for intravitreal use. Ranibizumab
is five to 10 times more potent than Bevacizumab.36

Two large prospective randomized controlled
trials (MARINA and ANCHOR) investigating
ranibizumab (Lucentis) showed >95% of treated
eyes had stable or improved vision at 1 year com-
pared to <65% in the control arms.37,38 Two-year
results were similar. Additionally, the trials
showed up to 40% of treated eyes experienced at
least three lines of visual acuity improvement. At
present the National Institute of Health and Clini-
cal Excellence (NICE) has issued guidelines for
treatment with ranibizumab only as pegaptanib is
not recommended for the treatment of wet age-
related macular degeneration. It is recommended
as a possible treatment for people with wet AMD if
all the following apply to their eye:

(1) The best possible visual acuity after correction
with glasses or contact lenses is between 6/12
and 6/96;

(2) There is no permanent damage to the fovea
(such as atrophy) the lesion size is less than or
equal to 12 disc areas in greatest linear
dimension;

(3) There is evidence of recent presumed disease
progression (blood vessel growth, as
indicated by fluorescein angiography or
recent visual acuity changes);

(4) Treatment should be stopped if a person’s
vision gets worse and there are changes

inside the eye which show that treatment isn’t
working.39

The Royal College of Ophthalmology has
welcomed this guidance however has issued
concerns that withdrawal of pegaptanib could
compromise those patients allergic to
ranibizumab (3%) and affect outpatient workload
(monthly follow-up with Lucentis compared to
six-weekly follow-up with pegaptanib).40

The risks for local ocular adverse events with
injection therapies is low; patients should be con-
sented for side-effects such as serious infection
(endophthalmitis 0.9%), retinal tear and detach-
ment, iritis and raised intra-ocular pressure.41

Anti-VEGF factors have helped preserve and
even improve vision in patients with ‘wet’ type
AMD. However this advance is not without its
drawbacks. Anti-VEGF treatments need to be per-
formed on a monthly basis, this increases clinic
load and consequently clinic waiting times. The
combined costs of these increases the overall cost
of an already expensive treatment. One mode of
tackling this issue is to introduce long-acting/
slow-release agents/devices. The CABERNET and
FOCUS studies have been initiated to investigate
this.

In the CABERNET study,42 using vitrectomy, a
targeted dose of strontium-90-beta radiation is di-
rectly delivered to the lesion causing vision loss
(brachytherapy). The study will compare the results
of beta-radiation therapy given in combination with
two doses of the anti-VEGF drug, Ranibizumab
(trade name: Lucentis), to the results of treatment
with multiple doses of Ranibizumab alone. The
FOCUS study,43 on the other hand, is investigating
the safety and efficacy of Ranibizumab in combina-
tion with photodynamic therapy (PDT) with verte-
porfin compared to photodynamic therapy alone.
Preliminary two-year results from the FOCUS study
show that Ranibizumab in combination with PDT
with verteporfin compared to PDT alone are better
at improving visual loss. Both these studies are
investigating the possibility of using lower doses
of anti-VEGF to manage ‘wet’ AMD. The future
management of AMD could very much be altered
depending on the results of these studies.

Studying the physiological and pathological
mechanisms as a whole is important for the evolu-
tion of other drugs in the field of ocular anti-
angiogenesis therapy. Apart from VEGF, targeting
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other angiogenic pathways is important in the
treatment of angiogenesis in neovascular AMD.
Agents that have been identified on non-human
models include protein kinase C inhibitors,44

matrix metalloproteinase inhibitors,45 squala-
mine46 and interferon alpha-2a.47 However further
studies are required before their efficacy can be
established humans.

Currently, available modes of treatment in
AMD are invasive requiring injections into the
vitreal space. Complications associated with this
have been mentioned above. Long-term therapy
for the treatment of this chronic condition will
require the use of cheaper, non-invasive routes
such as topical and oral preparations; and slow
release preparations, e.g. implants, microspheres,
nanoparticles48 to reduce complication risks of
repeated injection and surgery. However, it is im-
portant to note that systemic side-effect profiles
will need to be addressed for effective outcome
measures.

Conclusion

AMD is the leading cause of visual loss in patients
over 60 years of age. It is responsible for significant
morbidity in the elderly population. There are two
types of AMD: dry and wet, with further subtypes.
Management of both types differ. Management of
‘dry’ AMD involves the use of low vision aids in
addition to the use of vitamin supplements. Recent
advances in the treatment of AMD are related to
the ‘wet’ type. Use of anti-VEGF factors have
helped preserve and even improve vision in
patients with ‘wet’ type AMD. Current studies are
investigating the use of modified combination
anti-VEGF therapy regimes, perhaps the use of
long-acting/slow-release agents/devices that will
hopefully allow a reduction in frequency of injec-
tions. This would provide a long-term mainten-
ance therapy that would be less invasive and could
reduce costs and clinical workload, particularly as
these drugs will have widespread applications in
diseases such as diabetic retinopathy.49
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