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FIGURE 1

Optical coherence
tomography (OCT)
scans of the macula.
Top: Normal OCT
with foveal dip.
Vitreous is on top
and light hits the
retina from above.
The bright band in
the middle is the
retinal pigment
epithelium above
the choroid

Middle: Early AMD
with drusen (left),
atrophy (centre)
and drusenoid
pigment epithelial
detachment (right)
Bottom: Advanced
dry AMD with
geographic atrophy.
Loss of outer retinal
layers and retinal
pigment epithelium
resulting in
transmission of light

=14 are the
different types
of AMD?

AGE-RELATED MACULAR
DEGENERATION (AMD) IS BY
FAR THE MOST COMMON
CAUSE OF REGISTRATION
for severe sight impairment in the UK,
accounting for 50% of registered
blindness. It is also a spectrum of aging
changes of the macula which are
present in most elderly people but will
only significantly affect the visionina
minority, see box 1, p12.
Epidemiological evidence suggests
4-8% of people over 65 years in
the UK have visually significant AMD.}?
The proportion of people with AMD
rises with age, and absolute numbers
are increasing as the population ages.?
The absence of any treatment for most
AMD is a paramount unmet medical
need.
The macula is particularly prone to
degenerative processes because it is
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patients
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very metabolically active with high
oxygen and glucose requirements; and
highly differentiated and post-mitotic.

The macula’s non-renewing cells are
subject to a lifetime of oxygen free
radical damage and latterly inflammatory
processes. Dry or atrophic AMD is the
sum of these degenerative processes,
while neovascular or wet AMD (NVAMD)
is a neovascular response in which new
abnormal blood vessel growth can
cause rapid damage.

The macula is the central portion of
the retina approximately bounded
by the inferior and superior vascular
arcades. The fovea is the central macula
tissue with the highest density of cones
and is responsible for central vision,
reading and recognising faces. The
fovea is approximately 1optic disc area
in size, a sixteenth of the area of the
macula. Under the macula is the retinal

=|{ are the
treatment

strategies?

pigment epithelium (RPE) which supports
the retina and forms an outer blood-retina
barrier from the underlying choroid.

FEATURES AND DEVELOPMENT
Drusen

Drusen are an aging change on the
macula consisting of lipofuscin deposits
under the retina. The RPE cells
phagocytose cytoplasmic discs
continually shed by photoreceptors and
recycle the retinol (vitamin A) and
cellular material. Polymeric cross-linked
protein residues accumulate as
lipofuscin in lysosomes, and these
coalesce eventually to form drusen on
their basal side between the RPE and
Bruch’s membrane.*

Small and intermediate sized drusen
(<125 um - approximately the width of
aretinal vein as it crosses the optic disc
margin) have no visual consequence  »»
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but herald the beginning of degeneration
in the retina. Drusen can become large
(=125 pm), coalesce, and even lift the
RPE forming a localised drusenoid
pigment epithelial detachment (PED),
see figure 1, p11. Small or intermediate
sized drusen (<125 pm) with pigmentary
abnormalities have a low risk of
developing advanced AMD after 5 years
(1.3%), whereas large (>125 pm)
extensive drusen with any atrophy have
an 18% risk.>

Reticular pseudodrusen, or subretinal
drusenoid deposits, are located above
the RPE as a cone shaped intrusion into
the neuroretina.* These do not enlarge

Types of age-related macular degeneration (AMD)

Normal aging: Small drusen are normal macular aging
changes and are of no particular cause for concern

Early AMD: Larger drusen, pigment clumps and small areas
of atrophy

Dry AMD or atrophic AMD: Includes early AMD, geographic
atrophy and vitelliform AMD. In some cases dry AMD may
never affect an individual’s vision whereas in others it may
cause blindness

Neovascular (wet or exudative) AMD (NVAMD): NvVAMD
usually progresses to severe sight loss, sometimes over a
matter of weeks. Anti-VEGF treatment over a number of
years can improve vision in the medium term and slow
decline. NVAMD can be active (requires ongoing treatment)
or inactive (not requiring ongoing treatment)

Advanced AMD: NVAMD; geographic atrophy involving the
fovea; or fibroatrophic central macula also called disciform
scar or macular scar

or coalesce but can be numerous and
are associated with advanced forms of
AMD. Rod photoreceptor dysfunction
has been implicated in their formation.

Pigment changes, atrophy and
geographic atrophy
As the RPE becomes increasingly
disturbed focal hyperplasia or pigment
deposits can occur on the macula, so
called pigment clumps. Similarly,
atrophic changes start to occur in the
outer retina and RPE. Once the atrophy
of the outer retina and RPE is complete
this is termed geographic atrophy and
any function is lost from this area.
Patients may be aware of scotomas
from parafoveal geographic atrophy, but
once it progresses to involve the centre
of the fovea useful central vision is lost,
see figure 2, below. Geographic atrophy
tends to expand until most of the central
macula is affected. Rates of progression
vary widely (at least six-fold) between
individuals, but the size of the atrophic
area is the strongest predictor of rate of
progression.? Patients’ vision deteriorates
more rapidly at the specific time when
the central fovea becomes affected.

Vitelliform lesion

A subfoveal lipofuscin deposit termed a
vitelliform lesion can occur in younger
patients as a macular dystrophy, but also
in AMD. The lesion tends to flatten over
months or years with resulting retinal
atrophy and vision loss.

Choroidal and intraretinal
neovascularisation

Neovascularisation usually starts in the
choroid (choroidal neovascularisation;
CNV) and can proliferate under the RPE

FIGURE 2
Autofluorescent
images of
geographic atrophy
A Three abutting
atrophic areas with
hyperfluorescent
surrounds. Patient
has visual acuity

of 6/12

B 33 months later
vision has
deteriorated to
6/60. Atrophic
zones have
coalesced and
enlarged with
increased loss of
central fluorescence
indicating cell death

(fibrovascular PED; type 1CNV) or
between the RPE and neurosensory
retina (classic CNV; type 2 CNV) or both.
Alternatively, it may start in the retina
(retinal angiomatous proliferation) and
proliferate into the same potential
spaces. Finally, choroidal proliferation
can be associated with polyp-like lesions
which is more common in East Asian
patients (polypoidal choriovasculopathy).
When neovascularisation occurs leaking
vessels lead to intraretinal fluid/macular
oedema, subretinal fluid and macular
haemorrhage which affect vision, see
figure 3, p13.

Neovascularisation disrupts tissue,
causes fibrosis and without treatment
will progress to a macular scar with a
mixture of fibrosis and atrophy and
consequent central vision loss.
Sometimes this is referred to as a
disciform scar but is more accurately
termed a fibroatrophic macula.

PRESENTATION AND REFERRAL
AMD is a cause of painless, gradual loss
of vision. Dry AMD symptoms are
usually non-specific but reading tends to
be affected more than distance vision.
Asymptomatic aging changes or dry
AMD may be noted by an optometrist at
a routine visit. As no treatment is needed
NICE does not recommend referral
except when vision is substantially
affected.”

NVAMD distorts the retinal
architecture so its archetypal symptom
is distortion of vision: ‘bending or kinking
of straight lines’. If a patient over 55 years
spontaneously reports new distortion,
then NVAMD should be suspected
(irrespective of macular signs). A central
blob in the vision (scotoma) is another
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symptom but patients may only
complain of general problems with
vision.

An Amsler grid is a grid of lines which
can highlight distortion to patients when
they are asked to look at the centre with
each eye individually. It is not a useful
test for detecting NvVAMD at its first use,
as patients with dry AMD also report
distortion on an Amsler grid. It can be
useful for monitoring (e.g. weekly) for
new onset distortion which is a useful
marker of NVAMD onset, but no more
than checking any straight lines.

Suspected NVAMD should be referred
within one working day to ophthalmology,
preferably to a dedicated AMD or
macular service. There should be a clear
local pathway for suspected NvVAMD
which can be accessed directly by
optometrists or GPs. An optometrist
report stating NVAMD is suspected and
fulfilling referral guidelines should be fast
tracked in the same way.

For direct referral by optometrists,
patients should have visual loss or
spontaneously report distortion or have
a central scotoma; with macular
haemorrhage or subretinal fluid or
exudate on fundoscopy.2

GPs should suspect NVAMD in
patients over 55 years who
spontaneously report new distortion or

deterioration in central vision over
weeks or days. Patients with suspected
NVAMD should be seen by ophthalmology
within two weeks, and if the diagnosis
and progressive disease are confirmed,
proceed to treatment within the same
timeframe.”

Dry AMD can be referred routinely
when vision is substantially affected, in
order to access low vision services, and
for registration as sight impaired or
severely sight impaired. Although AMD
affects central vision, peripheral vision is
retained.

Patients with macular aging changes
are sometimes diagnosed with dry AMD
by their optometrist and conclude that
they are on a fast track to blindness.
These patients need realistic information
and reassurance which often requires an
ophthalmologist’s assessment.

INVESTIGATION

Early and dry AMD diagnosed by
fundoscopy, including by an
optometrist, does not require further
investigation.”

Suspected NVAMD is investigated
with optical coherence tomography
(OCT). OCT uses low-coherence near-
infrared light to produce cross-sectional
images through the macula with
resolution of a few microns.

OCT demonstrates intraretinal and
subretinal fluid, subretinal neovascular
material and PED, and their absence
excludes NvVAMD. Their presence is not
specific, so to diagnose NvVAMD
angiography is required. Increasingly
OCT scans are provided by optometrists
but expertise in interpreting abnormalities
will vary.

Fluorescein angiography identifies
neovascularisation because unlike the
normal retinal vasculature these vessels
leak the intravenously injected sodium
fluorescein. It can enable differentiation
of NVAMD from branch retinal vein
occlusion, central serous chorioretinopathy;,
dry AMD and other differentials.
Advancement of OCT technology has
produced OCT angiography. However,
this gives no information on the
functional integrity of vessels and its
interpretation with regard to NVAMD
remains controversial.

Indocyanine green angiography
utilises a larger fluorescent molecule
which is protein bound to allow
visualisation of the choroidal
vasculature. This is required to diagnose
polypoidal choriovasculopathy, and may
add information to that discerned from
fluorescein angiography.

The lipofuscin normally occurring in
RPE cells fluoresces at a low level itself.

»

FIGURE 3
Neovascular age-
related macular
degeneration.

A Colour photo
showing macular
haemorrhage and
central discolouration
due to choroidal
neovascularisation
B Fluorescein
angiogram showing
leakage from
choroidal
neovascularisation
C Opitical coherence
tomography scan
showing intraretinal
and subretinal fluid,
subretinal
neovascular material
and pigment
epithelial detachment
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key points

Dr Phillip Bland
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Age-related macular degeneration (AMD) is by far the most
common cause of registration for severe sight impairment
in the UK, accounting for 50% of registered blindness.
Epidemiological evidence suggests 4-8% of people aged
over 65 years in the UK have visually significant AMD.
Increasing age and genetic predisposition are the biggest
risk factors; smoking is the only modifiable risk factor.

High degrees of short sightedness also increase the risk

of macular degeneration and can cause it to occur in
younger people.

Drusen consist of lipofuscin deposits under the retina.
Small drusen are normal macular aging changes but larger
drusen, pigment clumps and small areas of atrophy
indicate early AMD. With the onset of AMD, atrophic
changes start to occur in the outer retina and retinal
pigment epithelium (RPE). Once the atrophy is complete
this is termed geographic atrophy. Neovascularisation
usually starts in the choroid and can proliferate under the
RPE or under the retina or both. Neovascularisation
disrupts tissue, causes fibrosis and without treatment will
progress to a macular scar and consequent central

vision loss.

AMD is a cause of painless, gradual loss of vision.

Dry AMD symptoms are usually non-specific but reading
tends to be affected more than distance vision. As no
treatment is possible, NICE does not recommend referral
except when vision is substantially affected. If a patient
over 55 years reports new visual distortion or deterioration
in central vision, neovascular AMD (NVAMD) should be
suspected, irrespective of macular signs. Patients with
suspected NVAMD should be seen by ophthalmology
within two weeks, and if the diagnosis and progressive
disease are confirmed, treatment should commence
within the same timeframe.

Suspected NVAMD is investigated with optical coherence
tomography. This demonstrates intraretinal and sulbretinal
fluid, subretinal neovascular material and pigment epithelial
detachment, and their absence excludes NvVAMD.
Fluorescein angiography identifies neovascularisation

by fluorescein leakage from albbnormal vessels.

There is no treatment for dry AMD. High dose vitamins/
minerals/carotenoid pigment supplements are not
recommended by NICE but patients should be
encouraged to increase the amount of fresh fruit and
vegetables, especially green leafy vegetables, in their diet.
There is effective treatment for NvVAMD: intravitreal
anti-vascular endothelial growth factor (anti-VEGF)
agents cause regression of neovascularisation and reduce
macular oedema. The best outcomes are achieved if
anti-VEGF therapy is started early in the disease course
before vision deteriorates substantially. Treatment often has
to be continued for three or more years to sustain benefits
as neovascularisation can incompletely regress or recur.

Macular imaging modalities

Colour fundus photography: Useful for documentation

Opitical coherence tomography (OCT): Detailed cross-sectional imaging of the macula
able to quantify AMD and exclude NVAMD. Used to monitor NvVAMD treatment

Fluorescein angiography: Intravenous sodium fluorescein is given to diagnose
NVAMD confidently, assess activity and exclude differentials

Indocyanine green angiography: Delineates choroidal circulation and can

diagnose polypoidal choriovasculopathy

OCT angiography: Non-invasive imaging of central macula vessels but without

any information on vessel integrity

Fundus autofluorescence: Relies on autofluorescent properties of retinal
pigment epithelium (RPE) to assess its health, and delineate geographic atrophy

(absent RPE)

This is used in fundus autofluorescence
imaging to give a grey background to
the fundus image. In geographic
atrophy RPE cells die, so affected areas
lose all autofluorescence and become
black. Areas of geographic atrophy are
often surrounded by areas of increased
autofluorescence due to the
accumulation of lipofuscin in distressed
RPE cells. OCT scans show geographic
atrophy as loss of the outer retinal layers
and RPE, collapse of the remaining
inner retinal layers, with a window
defect through into the choroid.
Ophthalmologists often use multiple
imaging modalities to assess macular
disease fully, encompassing some or all
of the above techniques, see box 2, above.

RISK FACTORS

Increasing age and genetic
predisposition are the biggest risk
factors for AMD. Smoking is the only
modifiable risk factor. A first-degree
relative with AMD increases the risk of
progression to advanced AMD in

five years by 1.5 (95% Cl: 1.2-1.8) and
smoking by 2.0 (95% Cl:1.6-2.6).°
High degrees of short sight (myopia

> 6 dioptres) increase the risk of macular
degeneration and can causeitin
younger people. Any highly myopic
person with distortion of vision should
be seen in ophthalmology within

two weeks.

TREATMENT

Dry AMD

There is no treatment for dry AMD.
High dose vitamins/mineral/carotenoid
pigment supplements (at significantly
higher doses than recommended daily
intake) are heavily promoted to reduce

AMD progression but the evidence of
any effect is weak and subject to bias.
The Age-Related Eye Disease Study
(AREDS), a randomised controlled trial
investigating this in the USA, did not
meet its primary endpoints.®

In a post hoc subgroup analysis of
participants with more advanced AMD
features, the estimated probability of
progression to central geographic
atrophy or NvVAMD over five years was
20% in patients on the AREDS
formulation of vitamins and minerals,
compared with 28% on placebo.

In this underpowered subgroup,
AREDS supplements reduced the odds
of visual acuity loss, odds ratio (OR) 0.73
(99% CI: 0.54-0.99) just meeting
statistical significance, and equating to a
number needed to treat of 33.° There
have been no other large, randomised
trials, but an industry has grown up
based on retailing AREDS formulation
supplements.

The original AREDS formulation
included beta-carotene which can
increase lung cancer in smokers.

AREDS 2 was a study which
investigated removing beta-carotene,
reducing zinc, adding carotenoid
pigments (lutein and zeaxanthin) and/or
omega-3 fatty acids to the original
formulation.” None of these individual
manipulations had a significant effect in
a study population at high risk of AMD
progression; and with no untreated arm,
AREDS 2 was not informative.

AREDS formulation supplements are
not recommended by NICE but patients
should be encouraged to increase the
amount of fresh fruit and vegetables,
especially green leafy vegetables, in
their diet.
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NvAMD

There is effective treatment for NVAMD:
intravitreal anti-vascular endothelial
growth factor (anti-VEGF) agents cause
regression of neovascularisation and
reduce macular oedema. Best vision
outcomes are achieved if anti-VEGF
therapy is started early in the disease
course of neovascularisation before
vision deteriorates substantially.?

However, not all NVAMD s progressive
and NICE recommendations require that
signs of progression are present.
Treatment often has to be continued for
three or more years to sustain benefits
as neovascularisation can incompletely
regress or recur.

NICE found no difference in safety
and efficacy between anti-VEGF agents,
aflibercept, bevacizumab and
ranibizumab.” However, NICE has not
recommended bevacizumab although it
is used by specialists off-label for AMD.

Treatment regimens usually start with
three intravitreal injections over 3 months.
Thereafter injections can be continued
1-2 monthly on fixed intervals, or what is
termed a ‘treat and extend regimen’
where treatment intervals are extended
to 3 or 4 months provided the disease is
stable. Alternatively, treatment can be
given as needed, but this requires
continued 1-2 monthly monitoring.

Injections are given through the
conjunctiva, sclera and pars plana into
the vitreous with anaesthetic eye drops
and a fine gauge needle in a dedicated
treatment room.

While undoubtedly unpleasant and
stressful for the patient, the treatment is
mostly well tolerated and serious
complications are rare.”™ A small number
of patients cannot tolerate intravitreal
injections due to procedure related pain
or anxiety.

Anti-VEGF treatment induces new
vessel regression and reduces oedema,
but treatment does not prevent the
progression of degenerative and
atrophic changes. Hence all studies
following treated NVAMD patients for
five years or more show a decline in
average vision.”

CONCLUSION
AMD is a spectrum of aging changes in
the macula from asymptomatic drusen
to blinding macular atrophy and fibrosis.
Dry AMD is the most common form
and causes visual loss mostly through
untreatable geographic atrophy. In
NVAMD, subretinal new vessels can
rapidly damage the macula, but can be
treated with anti-VEGF injections.
Treatment requires regular intraocular
injections over years, so there is much

interest in developing longer acting
treatment methods.

Early treatment for NVAMD has better
visual results, so patients with suspected
NVAMD should be referred urgently for
treatment within two weeks.

Treatments are needed to slow the
progression of dry AMD with candidate
medications for geographic atrophy so
far failing in clinical trials.
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If you wish to comment on this article
or have a question for the author,
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Useful information

Patient support

Eye Clinic Liaison Officers

These may or may not be NHS funded,
but most eye departments have one to
support patients with the emotional
and practical impact of vision loss

Low Vision Assessment

This is usually provided by optometrists
in eye departments to assess and
provide patients with magnifiers

and other aids

Macular Society

Active patient support group and
charity for AMD with helpline
and local branches
www.macularsociety.org

Royal National Institute of Blind
People (RNIB)

The charity provides a range of
support including assistance with
technology, an online shop for helpful
products and free talking books
www.rnib.org.uk

Certificate of visual impairment
Qualifying patients can be registered
sight impaired or severely sight
impaired by an ophthalmologist to be
eligible for certain benefits, and access
services provided, or contracted, by
local councils




