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Summary points
The late stage manifestations of age related macular degeneration, neovascularisation and geographic atrophy, cause severe loss of
central vision
Standard care for neovascular age related macular degeneration is treatment with monoclonal antibodies that inhibit vascular
endothelial growth factor. A fifth of those treated do not respond to treatment and a further quarter may lose the initial gains in visual
acuity over time.
No proven treatments exist for geographic atrophy. The preventive effects of supplementation with macular carotenoids
(lutein/zeaxanthin) and omega3 fatty acids are under investigation.
Age related macular degeneration, as the term implies, affects older adults and accounts for about half of all vision impairment or blind
registrations in the developed world.1 Its prevalence is increasing with the demographic shift towards an ageing society. Recent evidence
from large scale population based epidemiological studies confirms that it is also a major cause of sight loss in the developing world, in
countries such as India,2 where life expectancy continues to rise. The two vision threatening manifestations of age related macular
degeneration occur either as a consequence of neovascularisation, which causes an acute exudative pathology, or from cell loss due to
geographic atrophy. Both neovascular age related macular degeneration and geographic atrophy result in reduced central vision with
inability to undertake tasks that require visual discrimination, such as reading, driving, and recognising faces. The main aims of treatment
are either to prevent the progression of early features to the late stage manifestations or to treat the symptoms of advanced disease if these
do occur. Currently, intravitreal treatment with humanised monoclonal antibodies against vascular endothelial growth factor is used to
ameliorate the acute manifestations of neovascular age related macular degeneration. This review examines the pathogenesis of age
related macular degeneration and recent advances in its management.

Sources and selection criteria
We searched Medline, EMBASE, the Cochrane Library, the NIH clinical trials database (www.clinicaltrials.gov), and EUDRACT with the
medical subject headings “agerelated maculopathy”, “agerelated macular degeneration”, “macular degeneration”, “ geographic atrophy”,
“neovascular AMD”, “exudative AMD”, and “controlled clinical trials”. We used evidence from published abstracts from major international
scientific meetings, the UK National Institute for Health and Clinical Excellence (NICE) technology appraisals, guidelines on the treatment of
the condition from the UK Royal College of Ophthalmologists, and ophthalmic technology assessments of the American Academy of
Ophthalmology. Priority was given to evidence obtained from well conducted systematic reviews and large well designed randomised
controlled trials. Overall the quality of the evidence supporting the use of ranibizumab as the standard of care for neovascular age related
macular degeneration with foveal involvement was high.

What is macular degeneration?
The macula is the central area of the fundus of the eye that is easily seen on ophthalmoscopy and comprises a region bounded by the optic
nerve and the superior and inferior retinal vascular arcades (fig 1A).⇓ A large range of inherited and acquired conditions fall into the
category of macular degeneration. This review focuses only on the most common, age related macular degeneration. Early age related
macular degeneration is said to be present when a spectrum of changes is observed in the ageing eye before the onset of overt vision loss.
These changes include drusen, which are focal yellowish coloured deposits, and alterations in the pigmentation (hypopigmentation and
hyperpigmentation) of the macula. The term late age related macular degeneration is applied when neovascularisation and/or geographic
atrophy are observed. The term dry macular degeneration is frequently encountered in the lay literature and the scientific press, with
potential for confusion, since it is used to signify the presence of drusen, pigmentary irregularities, or both, as well as geographic atrophy.
Therefore the terms early and late macular degeneration are preferable.
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Fig 1 (A) Fundus photograph of left eye with multiple discrete yellowish lesions (drusen) and focal areas of hyperpigmentation seen in the photographic field, which is centred on the ma
accompanying fluorescein angiogram of the same eye. The colour image shows a diffuse pale yellowish lesion occupying the macula with haemorrhages at the borders of the lesion. The flu
leaking, obscuring the margins of the abnormal vascular structures. The dark margins represent areas of subretinal and intraretinal haemo
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What do we know about the pathogenesis of age related macular
degeneration?
The molecular pathways leading to age related macular degeneration remain to be elucidated. The retina and its pigmented epithelium are
unique among body tissues in their constant exposure to light energy and high oxygen concentrations, both of which are potent sources of
free radicals—therefore, it has been suggested that the cumulative effects of oxidative stress over a lifetime may be the initiating stimulus for
macular degeneration.3 Concordant with this hypothesis are the findings of epidemiological studies, which show that cigarette smoking and
a high lifetime exposure to sunlight are risk factors.4 5 One recent cross sectional population based study in the European Union found that
people with low levels of antioxidants in their serum combined with high cumulative lifetime sunlight exposure had a twofold increased risk of
developing late macular degeneration.5
More recently, consistent associations between the clinical spectrum of age related macular degeneration and polymorphisms in genes
encoding proteins involved in immune regulation have been observed and provide additional insights into how this condition may develop.
The first gene to be implicated was the complement factor H gene, in which a single nucleotide substitution of thymine to cytosine at position
1277 in exon 9 results in a tyrosine to histidine change in the amino acid chain (Y402H polymorphism).6 Polymorphic variation in the
complement factor 3 and B2 genes also result in an increased susceptibility to this condition,7 whereas deletions in the complement factor H
related genes are protective.8 Carriage of the atrisk alleles at multiple complement loci confer additive risks and, when combined with
information on lifestyle factors such as smoking, can account for as much as 80% of the risk.9 Since immune proteins are localised in drusen
in the human eye,10 and because transgenic mice with defective complement function are abnormally sensitive to oxidative stress,11 it has
been hypothesised that the polymorphisms create conditions that allow damage to Bruch’s membrane and the retinal pigment epithelium,
leading to development of disease.

What is the natural history of macular degeneration ?
Early macular degeneration can progress to late manifestations with sight loss in a proportion of people. The risk of progression is highly
variable and depends on the severity and extent of the features of early macular degeneration. The age related eye diseases study has
quantified this risk, and showed that people with small drusen in both eyes have a very low risk of progression—between 0.4% and 3.0%
over five years.12 However if large drusen and pigmentary abnormalities are present in both eyes this risk increases to around 47.3%.12
Initially, geographic atrophy develops as focal areas of depigmentation. Eventually these coalesce or expand to involve the central macula
causing progressive worsening of vision, and legal blindness can ensue after many years. Neovascular complications on the other hand
have a more acute onset with sudden development of central blurring and distortion. Left untreated the area of neovascularisation expands
rapidly and a large fibrous scar develops in the macula. A recent metaanalysis13 of data from several controlled clinical trials showed that
within three years of the onset of neovascularisation more than half of untreated eyes will have a level of vision of 20/200 (Snellen 6/60) or
worse, which is within the WHO definition of severe visual impairment. When both eyes are affected with late stage age related macular
degeneration sight can be markedly reduced and tasks that require visual discrimination, such as reading, driving, and recognising faces
become difficult.

How is the diagnosis made?
Since the presence of small areas of geographic atrophy is compatible with good vision, the diagnosis is often incidental during attendance
at regular eye examinations. On the other hand, patients who develop neovascular disease will usually complain of central distortion and
blurring in the affected eye. When late neovascular disease affects only one eye, however, the condition may be an incidental finding. The
diagnosis is usually evident on clinical examination and fundus photography (fig 1⇑). If neovascularisation is present, fluorescein
angiography, a method for examining the intraocular vascular beds, reveals the abnormal blood vessels which often leak profusely (fig 1D).
Optical coherence tomography is now used to image the retina and the retinal pigment epithelium noninvasively. It has provided a rapid
method of assessing the macular tissues (fig 2⇓). The tomograms provide cross sectional views of the macula and abnormal tissue such as
the choroidal neovascular membrane can be seen. The extent and severity of the exudative response, which causes separation of the tissue
layers, may be visualised. When geographic atrophy is present, thinning of the macular tissues is seen but without separation of the layers.
Thus tomography can be helpful in distinguishing neovascularisation and particularly in monitoring the therapeutic response.
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Fig 2 (A) High resolution spectral domain optical coherence tomogram of the same eye shown in fig 1C and 1D, showing fluid filled spaces in the retina that distort the normal architectura
cellular layers. (B) The eye one month after receiving the first intravitreal injection of ranibizumab, with marked resolution of intraretinal oedema.
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What are the principles of management?
The principles of management can be broadly divided into prevention in the early stages and treatment to ameliorate symptoms if late stage
complications develop.

Preventing progression
Research into the prevention of age related macular degeneration has focused on risk factors that exacerbate oxidative stress or
interventions that ameliorate their effects, such as supplementation with antioxidant vitamins, particularly the macular carotenoids lutein and
zeaxanthin. Stopping cigarette smoking is recommended since its adverse association with late age related macular degeneration is
unequivocal.
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The evidence as to whether diets rich in antioxidant micronutrients will prevent the development of age related macular degeneration is less
consistent. The age related eye diseases clinical trial found that supplementation with high doses of betacarotene, vitamins C and E, and
zinc reduced the relative risk of progression from early to late disease by about 20%.14 However, high doses of dietary supplements,
particularly betacarotene, may be harmful to smokers and may not be without risk.15 The benefits and harms of taking supplements need
to be assessed for the individual. Accumulating evidence from longitudinal observational studies supports the view that retinal function may
be improved or better maintained after supplementation with carotenoids and antioxidants.16

Treating symptoms
Once neovascular age related macular degeneration has manifested, monotherapy with an antivascular endothelial growth factor drug
(administered into the vitreous) is the current standard of care. These drugs represent the era of biological medicines (“biologicals”) for the
management of neovascular disease and their introduction has resulted in a shift away from laser based treatments. In previous decades,
ablation of the area of neovascularisation with thermal laser or induction of vascular thrombosis by photodynamic therapy were used. These
laser treatments were effective compared with natural history in restricted subgroups of patients.17 18 Effectiveness was limited by the
recurrence of neovascularisation and most treated patients experienced a moderate loss of vision (defined as a fall of three or more lines of
vision on the ETDRS chart) over a two year period. Therefore, the finding that pegaptanib sodium, an aptamer that selectively inhibits
vascular endothelial growth factor 165, was effective in reducing vision loss and could be applied across all subgroups of neovascular age
related macular degeneration was greeted with enthusiasm.19 The drug was almost immediately displaced by bevacizumab, a full length
humanised monoclonal antibody against vascular endothelial growth factor.20 Bevacizumab was approved initially for the treatment of
metastatic colorectal cancer. Soon after, ranibizumab, an antibody fragment, was shown to be highly effective in several controlled clinical
trials. The 12 month results from these trials21 22 indicated that up to a third of those treated with ranibizumab will have improved visual
acuity, few patients will have progressed to moderate vision loss, and on average visual acuity is improved by two lines. Retinal imaging with
optical coherence tomography before and after intravitreal administration of antivascular endothelial growth factor treatment shows marked
reduction of intraretinal and subretinal fluid, often with spectacular and rapid apposition of the retinal layers and restoration of the anatomical
contours (figure 2⇑). This morphological restitution is often accompanied by improvements in visual acuity of the order of three to four lines
on the ETDRS chart. Bevacizumab was reported to be safe for administration into the vitreous gel of the eye, with reductions in the
exudative manifestations and improvements in acuity similar to those seen with ranibizumab, and it has since become one the most used
antivascular endothelial growth factor agents worldwide.23 Although bevacizumab remains unlicensed, its worldwide use remains fuelled by
the fact that it is much cheaper than ranibizumab. The findings of large head to head clinical trials of bevacizumab versus ranibizumab in the
United States (The CATT study, NCT00593450) and the UK (The IVAN trial, ISRCTN92166560), and of smaller trials in Norway, Germany,
Austria, and France, are awaited with much interest.

Drawbacks of treatment
Given that the natural history of neovascular age related macular degeneration is one of progressively falling visual acuity13 and that none
of the previously available treatments had ever achieved improvements of this scale (fig 3⇓); antivascular endothelial growth factor therapy
was hailed as the cure for neovascular age related macular degeneration . However there are major drawbacks to antivascular endothelial
growth factor treatment. Initial concerns were that the eye might not tolerate the repeated perforation required for treatment administration,
and that an unacceptable frequency of serious adverse events (such as intraocular infection) might occur—but these concerns have largely
receded.24 Concerns that remain include the need for monthly monitoring and retreatment, which creates a huge burden on resources,
and the theoretical possibility that long term inhibition of vascular endothelial growth factor could adversely affect the health of neural retina,
the retinal pigmented epithelium, and choriocapillaris, since these tissues constitutively express vascular endothelial growth factor and rely
on it for maintained health. More recently studies have found that around 20% of people with neovascular age related macular degeneration
treated with antivascular endothelial growth factor therapy will lose vision over time.25 A further proportion (about a fifth to a third) may lose
the initial improvements in visual acuity. These losses may be the consequence of attempts to decrease the frequency of drug
administration or may result from underlying disease progression even though the pathological effects of neovascularisation have been dealt
with. These findings have dampened the initial enthusiasm for such treatment.

Fig 3 ETDRS chart. Arrows show mean levels of visual acuity achieved after two years of observation only or different treatments
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What do current guidelines recommend?
Subsequent to the technology appraisal and issue of guidance26 by the National Institute for Health and Clinical Excellence, ranibizumab
has been widely adopted as the treatment of choice for subfoveal neovascular age related macular degeneration in the UK. However, the
high cost of ranibizumab, along with the positive clinical experience with bevacizumab, has resulted in the majority of patients in the United
States and other countries being treated with the latter drug.
In the UK, updated guidelines27 for the management and treatment of neovascular age related macular degeneration have been published
by the Royal College of Ophthalmologists, but the clinical algorithm shown in figure 4⇓ reflects the worldwide pattern of use of antivascular
endothelial growth factor therapy.
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Fig 4 Clinical algorithm based on principles commonly applied in management of neovascular age related macular degeneration.
AMD=age related macular degeneration, RPE=retinal pigmented epithelium, VEGF=vascular endothelial growth factor, VA=visual acuity,
MPS=macular photocoagulation study, PDT=photodynamic therapy.
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What can current treatment achieve?
The ultimate treatment goal when neovascular age related macular degeneration has already supervened is to achieve perfect central vision
with normal or near normal foveal and macular anatomy. Complete cessation of exudation can result in good apposition of the tissue layers
and reduction of metamorphopsia. Most patients, however, report difficulty with reading small print and other visually demanding tasks even
when tissue contours have been restored. High resolution optical coherence tomography scans obtained after antivascular endothelial
growth factor treatment show persistent abnormalities of the outer retina even though the tissues appear to be fluid free.28 In other cases
where atrophy and fibrosis have already occurred, considerable impairment of central visual function can remain despite the achievement of
a fluid free macula.
Although thermal laser photocoagulation and photodynamic therapy are less effective than ranibizumab they remain useful under specific
clinical settings. For example, thermal laser may be appropriate when the neovascular lesion is well defined and extrafoveal, or
photodynamic, therapy may be used when ranibizumab is contraindicated or ineffective.

What research is ongoing?
The fusion protein of binding domains from human vascular endothelial growth factor receptors 1 and 2 is a new treatment that showed
highly promising findings in terms of improved retinal morphology and visual acuity in phase 1 dose seeking trials.29 Its affinity for vascular
endothelial growth factor is 200 times greater than that of ranibizumab, and because it remains in the vitreous for longer than ranibizumab it
could achieve a similar efficacy with longer retreatment intervals. Results of a head to head comparison of vascular endothelial growth
factor TRAP and ranibizumab are expected towards the end of 2010.
Physical adjunctive treatments combined with ranibizumab are also being investigated—the theory is that adjunctive therapy would destroy
new vessels while ranibizumab would minimise the exudative response and remove the stimulus for further new vessel growth. Although
some pilot studies suggested marked reductions in the need for retreatment with the combination of ranibizumab and physical adjunctive
therapies, randomised controlled trials have not shown benefit in terms of a reduced need for retreatment or improved visual outcome at 12
months when compared with ranibizumab monotherapy.30 A further approach involves focused macular irradiation using strontium 90
brachytherapy combined with an antivascular endothelial growth factor drug. Preliminary findings from small randomised pilot studies with
12 months of followup suggest functional outcomes similar to those seen in the ranibizumab monotherapy trials but achieved without the
need for continuing retreatments with antivascular endothelial growth factor drugs.31 A multicentre phase 3 randomised controlled clinical
trial of epimacular brachtherapy combined with ranibizumab versus ranibizumab monotherapy (the CABERNET study) is in progress.
Further strategies being tested include the combination of trophic growth factors that prevent death of photoreceptor or retinal pigment
epithelial cells with inhibitors of vascular endothelial growth factor. Promising new agents include ciliary neurotrophic growth factor, which
has been encapsulated for slow sustained intraocular release and delivery, and platelet derived growth factor.32 Both are undergoing safety
testing in phase 1 trials.

Future research
Several distinct therapeutic approaches to prevention are being investigated. These include inhibition of oxidative stress and interference
with the visual cycle, but the most exciting development is the use of immune modulation. This approach has arisen with the recognition that
disordered complement regulation is a key step in the pathogenesis of both neovascularisation and geographic atrophy, and it has provided
the impetus for the development of immunomodulators as a range of new therapeutic agents.33 34 Since drusen almost always precede the
development of geographic atrophy, immunomodulatory drugs can be administered to eyes with early macular degeneration without overt
functional loss. Glatiramer acetate is one such drug and a small observational study has shown marked reductions in drusen size and area
within 12 weeks of intraocular administration.35 Other treatments include POT4 (Potentia Pharmaceuticals, Louisville, Kentucky) and
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eculizumab (Alexion Pharmaceuticals, Cheshire, Connecticut). These drugs and others are inhibitors of complement activation that prevent
formation of the membrane attack complex or other inflammatory mediators, thus targeting the pathways that lead to early and late age
related macular degeneration.
In summary, advances in the appreciation of the role of vascular endothelial growth factor in pathological ocular neovascularisation have
been translated into new treatment agents and improved visual outcomes for neovascular age related macular degeneration. Further
improvements in the understanding of immunological function and dysfunction in healthy ageing and degeneration of macular tissues are
ushering in a new era of biological agents that may prevent progression from early to late age related macular degeneration. If the promise
is realised there is huge potential for maintaining good eyesight and quality of life in older adults.

Tips for nonspecialists
Neovascularisation and geographic atrophy are late manifestations of age related macular degeneration
The sudden onset of central distortion and blurring are indicators of neovascularisation and patients should be urgently assessed by
specialists with expertise in managing retinal disorders
Smoking is strongly and consistently associated with age related macular degeneration and susceptible individuals (such as those with a
family history) and older adults (aged 65 and older) should be warned about the risk to eyesight
Patients’ expectations are currently high owing to the publicity campaigns associated with introduction of antivascular endothelial growth
factor drugs, but restoration of perfect central visual function is not yet a reality.

Questions for future research
Do geneenvironment and genenutrient interactions alter the risk of age related macular degeneration?
Do genetic factors determine morphological responsiveness to vascular endothelial growth factor inhibition?
Can visual outcomes in neovascular age related macular degeneration be improved through adjunctive treatment with neurotrophic agents?
What are the optimum screening strategies for identification of people at highest risk of developing late stage age related macular
degeneration?

Additional educational resources
Resources for patients
AMD Alliance International (www.amdalliance.org)—promotes awareness of age related macular degeneration and provides support and
information for those affected by the condition
Macular Disease Society (www.maculardisease.org)— UK charity dedicated to helping people with macular degeneration.
Resources for healthcare professionals
Ophthalmic Technology Assessments (http://one.aao.org/CE/PracticeGuidelines/Ophthalmic.aspx?sid=ab78915753124bbe86ed
8d164ffa9567)—evaluations of new and existing procedures, drugs, and diagnostic and screening tests available through the American
Academy of Ophthalmology
Royal College of Ophthalmologists—(www.rcophth.ac.uk/oldwebsitepages/publications)—guidelines from the Royal College of
Ophthalmologists
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