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Treating age-related
macular degeneration

Age related macular degeneration affects approximately one in three of the population by
age 75 years and is the commonest cause of blindness in the Western world, accounting for
54 per cent of all cases of registered blindness in people over 65 years. In this article, James
Self, Poorna Abeysiri and Professor Andrew Lotery review the causal factors, the symptoms,
how the disease progresses and discuss how best to treat the condition.
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A

ge-Related Macular Degeneration
(ARMD) is the commonest cause of
blindness in the Western world1. Multiple
studies have shown that it affects approximately
one in three of the population by age 75 years and
this ﬁgure rises to one in two by age 85 years1. It is
characterised by a loss of central vision attributable
to degenerative and neovascular changes that occur
at the interface between the neural retina and the
underlying choroidal layer.
It affects the macular region of the eye. This is
the oval, yellowish area containing xanthophylls
pigment at the posterior pole, measuring
approximately 5mm in diameter and is situated
between the superior and inferior temporal
arteries2. The fovea is a depression in the centre
of the macula, measuring approximately 1.5mm
in diameter, and is created by the peripheral
displacement of nerve cells and ﬁbres containing
only photoreceptors2. The fovea is responsible for
the most distinct vision, as incoming light has the
greatest accessibility to the photoreceptors2.
Classically, the early stages of ARMD involve
the appearance of drusen in the macula. These are
localised deposits lying between the basement
membrane of the Retinal Pigment Epithelium
(RPE) and Bruch’s membrane. These can be
described as hard (small, discrete yellowish-white

spots) or soft (larger with less distinct edges). The
‘soft’ type is more commonly associated with the
progression to severe visual loss from ARMD.
If hard drusen and areas of increased or
irregular pigmentation at the level of the RPE are
the only lesions present, the condition is best
referred to as early Age-Related Maculopathy
(ARM). The term ARMD is used to describe more
advanced changes that are likely to be associated
with visual impairment.
In the latter stages ARMD can take two forms:
> Dry ARMD (also referred to as geographic
atrophy or non-exudative ARMD), which is seen
in approximately 90 per cent of cases
> Wet ARMD (also known as neovascular,
exudative or disciform ARMD), which is seen in
approximately 10 per cent of cases.
This latter process results from the growth of
abnormal blood vessels from the choroidal
circulation through the Bruch’s membrane.
Choroidal neovascularisation has a number of
important sequelae that are responsible for the
majority of severe visual loss seen in ARMD.
These sequelae are varied but to some extent
include the inevitable consequences of leaky friable
blood vessels (bleeding and exudation) growing
beneath a delicate layer of retinal cells, which relies
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on structural integrity and translucency for
its function.

losing vision in the fellow eye increases to between
seven and 10 per cent annually15,16.

The main causal factors of ARMD

Epidemiology and prevalence

ARMD is a complex disease resulting from an
interplay between genetic and other risk factors.
By far the most important risk factors for ARMD
are genetic predisposition and age. The incidence,
prevalence, and progression of all forms of ARMD
increase with advancing age3 and it is rare before
55 years.

ARMD is thought to affect approximately 50
million individuals worldwide9,17 and the incidence
is expected to double in the next 25 years due to
an increase in the ageing population. Significant
differences in prevalence rate and natural history
exist between racial/ethnic groups and between
different parts of the world18,19.

In recent years the discovery of a number of
gene mutations and single nucleotide
polymorphisms associated with ARMD have
conﬁrmed a signiﬁcant hereditary component.
Inﬂammation also seems to be important in the
pathogenesis and progression of ARMD4-7.
There is also growing evidence from studies of
the complement factor H (CFH) gene and of
Human Leukocyte Antigen (HLA) gene
variants that ARMD is an immune mediated
disease8.

In the UK, ARMD is the commonest cause
of blindness in the elderly, accounting for over
54 per cent of all cases of registered blindness in
people over 65 years20 with a prevalence of 20–30
per cent21. ARMD is more prevalent in Caucasians
than more darkly pigmented races22, leading to
the belief that melanin may be protective against
development of choroidal neovascularisation.
The uptake of zinc, a cofactor of antioxidant
enzymes known to enhance antioxidant capacity,
is significantly higher in brown irides (with higher
melanocyte density) than blue irides and a similar
effect in the fundii of dark individuals may be
protective23. However, data pooled from large
studies conducted in three continents reported no
association between iris colour and ARMD24.

A variety of other risk factors have been
suggested for ARMD. These include: hypertension,
dyslipidaemia, cataract surgery, obesity, diabetes,
atherosclerotic vascular disease and hyperopia9-12.
However of these the strongest association is with
cigarette smoking, which increases the risk of
ARMD two fold9,10.

Symptoms and disease
progression
In the earliest stages of ARMD, no symptoms
are present. Signs visible with an ophthalmoscope
include drusen and/or irregular pigmentation
at the RPE level. These signs are often hard to
identify, and difficulty in diagnosis is made worse
by the fact that approximately 90 per cent of the
white population aged 40 years or older have one
or two small, hard drusen at the macula of either
eye9. As ARMD progresses, symptoms include
blurring and/or distortion of central vision and
(rarely) complete unilateral visual loss.
Symptoms and signs may stay unchanged for
many years, may steadily progress or may worsen
acutely. Some studies have shown that for patients
with bilateral soft drusen, the risk of progressing to
ARMD with loss of vision in one eye appears to be
in the order of eight per cent per year over a three
year period13,14. Similarly for patients with ARMDrelated visual loss affecting one eye, the risk of
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Some debate exists as to whether being female
is a risk factor for ARMD. Pooled data from a
number of large studies revealed no sex differences
in ARMD risk24. However, analyses from the Blue
Mountains Eye Study suggest that the ﬁve year
incidence of neovascular ARMD among women is
double that of men (1.2 per cent versus 0.6 per
cent)3. However, this may simply relate to the fact
that there are more women than men in the
elderly population.

ARMD: medical and social priority
Since the population older than age 65 years is
the fastest growing segment of society, the burden
of ARMD will grow significantly during the 21st
century. It is estimated that by the year 2020, as
many as eight million individuals worldwide
aged 65 years and older could suffer from
ARMD. Treatments for wet ARMD are most
effective when applied quickly. Therefore
increased awareness of the disease, rapid diagnosis
and provision of appropriate services
are imperative.
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Prevention
Smoking is the only consistently identified
modifiable risk factor for ARMD and as such, is
probably the most important. Large studies have
associated smoking with both the prevalence
and incidence of ARMD and of progression to
advanced ARMD9,10,25.
There have also been a number of large
randomised controlled trials into the use of dietary
supplements for ARMD. The Age-Related Eye
Disease Study (AREDS) compared high-dose
dietary supplements of anti-oxidant vitamins C, E
and beta carotene in combination with zinc and
copper against placebo over more than six years25,26.
This study demonstrated a protective effect of
taking these vitamins with a reduction in visual loss
for patients with moderate ARMD. Interestingly,
during the trial, two large Scandinavian studies
reported a four-fold increase in lung cancer in
smokers supplemented with beta carotene27,28.
Following this, smokers in the AREDS study were
either withdrawn or given supplements without
beta carotene. Other health concerns with
prescribing high dose vitamin supplements for
many years have included reduction in the
protective effect of statins for cardiovascular
disease from vitamin E, and the role of zinc in
Alzheimer’s disease and a possible increase in
anaemia29-31 – although no signiﬁcant side effects
were observed in the AREDS study.
The carotenoids – lutein and zeaxanthin – also
have suspected beneﬁts in ARMD32, although
deﬁnitive evidence of their long-term safety and
efﬁcacy is not yet available.
ARMD prevention is a complicated matter.
Current practice varies but certainly encouraging
patients to stop smoking and eat diet rich in
vegetables, ﬁsh and low in fat seems good practice.
AREDS high dose vitamin supplementation is
available in several commercial preparations, but it
is important to note that many over-the-counter
preparations often contain signiﬁcantly lower
doses than those used in the trials and are
probably ineffective.

Treatment – is there a cure?
Until relatively recently, thermal laser
photocoagulation was the only treatment option
for wet ARMD. In this treatment, a laser is applied
via a slit lamp microscope to the retina. This allows
photocoagulation of the area of the choroidal

neovascularisation identified via angiography.
Unfortunately, it also destroys the overlying neural
retina. As such, this treatment is currently largely
reserved for the minority of patients with extrafoveal choroidal neovascularisation.
In these patients, a small area of retinal
damage can be sacrificed to obliterate choroidal
neovascularisation growth. Unfortunately,
the majority of patients have choroidal
neovascularisation under the centre of the macula.
Thermal laser here would obliterate central vision
and therefore is not an attractive treatment.
However, Photodynamic Therapy (PDT) was
developed to minimise the collateral damage to
the retina and underlying RPE. In this treatment,
a photosensitising dye is administered via a
peripheral vein and accumulates in the abnormal
choroidal vessels, allowing targeted laser treatment
to the abnormal vessels.
The ﬁrst agent tested in phase III clinical trials
and the only one approved for use is verteporﬁn.
PDT with verteporﬁn has also been shown to be
efﬁcacious for some forms of wet ARMD33,34.
Currently in the UK, PDT treatment is only
available on the NHS for speciﬁc sub-types of wet
ARMD. These are ‘classic’ and ‘predominantly
classic’ lesions. This represents less than 50 per
cent of wet ARMD lesions and so there is still a
large number of patients for whom no treatment is
currently available on the NHS.
Newer biological treatments are emerging that
inhibit the function of Vascular Endothelial
Growth Factor (VEGF). This growth factor
appears to be the major stimulus for the
development of choroidal neovascularisation. The
ﬁrst drug in this class to have phase III evidence of
beneﬁt is pegaptanib22. This is an oligonucleotide
aptamer that binds the major ocular VEGF isoform
VEGF165. Randomised controlled trials of
pegaptanib, given as six weekly intravitreous
injections for at least 48 weeks, have demonstrated
it is an effective treatment in all types of wet
AMD35. It is expected that pegaptanib will receive
its drug licence shortly in the UK (it is already
available in the USA).
Also in development is ranibizumab. This is an
active fragment of a humanised murine anti-VEGF
antibody active against all four isomers of VEGF.
A Phase III trial of ranibizumab is currently
underway following promising phase I and II
results36. These anti-VEGF treatments represent a
new generation of biological treatments that
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provide an exciting addition to our treatment
options for wet ARMD.

UK service provision
Currently, in the UK, referrals to an
ophthalmologist for ARMD come from
many sources including general practitioners,
optometrists, casualty doctors and other hospital
practitioners involved with patients who are over
65 years. Current advice from the Royal College
of Ophthalmologists suggests that optometrists can
reassure patients with minimal symptoms or signs of
ARM and should not refer further.
Referral from the primary sector should occur
when there is evidence of moderate ARMD,
where visual impairment begins to interfere
with normal lifestyle or there is significant visual
loss requiring diagnosis or blind registration30.
Referring practitioners also need to be aware of
the urgent nature of referrals for patients with
recent onset of distortion or visual loss and who still
have good vision (6/60 or better). These patients
may have treatable wet ARMD and should be
referred urgently to either the ophthalmic casualty
department or to the outpatient clinic following
discussion with the local ophthalmologist21.

Access to ARMD services in

the UK
PDT laser treatment is available via 50
regional centres, each serving a population of
approximately one million patients. It is not clear
yet when pegaptanib or other novel anti-VEGF
agents will be introduced into the NHS and what
centres will be allowed to provide this treatment.
The National Institute for Health and Clinical
Excellence (NICE) is not planning to publish
guidance on their use until 2007, and it is unclear
whether commissioners (or local budget holders)
will introduce these agents prior to this.
The ability to treat all patients with wet
ARMD and not just sub-types combined with the
need for six weekly reviews for repeated intravitreal injections means that a significant increase
in infrastructure and ophthalmic personnel will
be needed in order to meet demand. These novel
anti-VEGF agents could revolutionise provision of
care for ARMD but only if resources are in place
to meet this demand.

Conclusion
ARMD is a major health problem that will only
get worse as the population ages. Significant
progress has been made in understanding the
molecular steps leading to wet ARMD and this has
translated into novel treatments, specifically the
development of inhibitors of VEGF such
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as pegaptanib.
Molecular insights into the complex nature of
the disease have also come from genetic studies
and this, in turn, should lead to more gene
directed therapies in the future. These rapid recent
advances in knowledge and treatment options
mean that it is a very exciting time to be involved
in the research and management of ARMD ■ GM
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Key points
> ARMD is a very common disease.
> It is the commonest cause of registered
blindness in the western world.
> It is characterised by a loss of central
vision attributable to degenerative and
neovascular changes.
> Smoking is the only consistently identified
modifiable risk factor.
> Progress in genetics research is
successfully unravelling the molecular
events that lead to this disease.
> Anti-VEGF treatments represent an
exciting new tool for treatment.
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