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Abstract

Age-related macular degeneration (AMD) is the leading cause of irreversible blindness in the Western
world, with a higher prevalence among Europeans and North Americans than that in Africans, Hispanics,
and Asians. Advanced AMD is categorized as atrophic (dry) or exudative (wet/neovascular age-related
macular degeneration [nAMD]). Dry AMD is characterized by progressive geographic atrophy of the
retinal pigment epithelium and outer retinal layers, whereas nAMD is characterized by new vessels that
invade the subretinal and/or subretinal pigment epithelium spaces. Existing treatments delay the onset of
advanced AMD and reverses vision loss for a couple of years before atrophy usually decreases central visual
acuity. We searched PubMed and Medline databases from January 1, 1980, to December 1, 2023, using
the following search terms: macular degeneration, choroidal neovascularization, geographic atrophy, drusen,
age-related maculopathy, AMD, ARMD, and anti-VEGF. Relevant articles in English (or English translations)
were retrieved and reviewed. Bibliographies of the identified manuscripts were also reviewed to identify
relevant studies. Age-related macular degeneration most commonly affects people older than 55 years.
Visual prognosis varies, with advanced lesions (nAMD and geographic atrophy) leading to rapid, pro-
gressive loss of central vision and contrast sensitivity. Although AMD is not a life-threatening disease,
reduced vision profoundly compromises quality of life and necessitates living assistance for many patients.
Over the past 2 decades, advances in prevention (vitamin supplementation) and therapy (antivascular
endothelial growth factor and complement inhibitor drugs) have reduced vision loss and blindness.
Further research is needed to decrease the incidence of blindness in patients with advanced disease.
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A dvances in medical care and public
health over the past century have
prolonged life expectancy throughout

the world and significantly increased the num-
ber of people aged 60 years or older. As a
result, the number of health problems attrib-
uted to age-related maculopathies have sky-
rocketed. Most important among them, age-
related macular degeneration (AMD) is a
multifactorial, sight-threatening disease that
is the fourth most common cause of blindness
worldwide.1 Patients with early stage AMD
may be asymptomatic, but many of them
progress to advanced AMD with loss of central
vision due to new vessels (wet or neovascular
age-related macular degeneration [nAMD])
that bleed or leak fluid into the macula (the
central 6 mm of the retina) or choroid or
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from the development of geographic atrophy
(GA) with death of photoreceptors and retinal
pigment epithelium (RPE) cells (the pig-
mented monolayer forming the outer bound-
ary of the retina).

Costs attributed to AMDddirect costs
from the medical care of affected patients
and indirect costs from lost wages, transporta-
tion expenses, and supportive home care
needsdare substantial and increasing rapidly.
Age-related macular degeneration diminishes
patients’ quality of life and increases the risk
of functional disability. Patients with AMD
report lower levels of activity, higher inci-
dences of depression, and elevated stress
compared with their peers without AMD.2

Only limited treatments are available for early
AMD but preventing or slowing its
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MACULAR DEGENERATION FOR GENERAL PHYSICIANS
progression could reduce the burden on the
health care system and improve the quality
of life of tens of thousands of individuals.

Considering the high prevalence of AMD
in the community and the likelihood that
this will continue to increase into the foresee-
able future, general physicians will benefit
from an improved understanding of the dis-
ease, its epidemiology, prognosis, and treat-
ments. Knowing which treatments have been
tried (and abandoned) and which have
become standard of care allows physicians to
better counsel their patients. The aim of this
study was to provide a comprehensive over-
view of AMD tailored to the needs of the pri-
mary care physician.

EPIDEMIOLOGY
Nearly 200 million people throughout the
world have some form of AMD,3 with more
than 20 million of them in the United States
(2019),4 numbers that are expected to increase
over the next decades. The prevalence of AMD
is increasing in sync with the aging popula-
tion, and the projected number of persons
with AMD throughout the world is expected
to increase from 196 million in 2020 to 288
million in 2040.3 Age-related macular degen-
eration has become the leading cause of irre-
versible central vision loss in individuals
older than 50 years in industrialized nations,5

with reported prevalence of 12.33% in
Europe, 7.38% in Asia, and 7.50% in Africa.3

Age-related macular degeneration has been
consistently found to be more prevalent
among Whites than that in Blacks.6-9

Dry AMD (drusen fatty deposits within
Bruch membrane, pigmentary changes, and
RPE atrophy) accounts for 85%-90% of all
cases; although wet or nAMD is responsible
for only 10%-15% of cases,7,8 it accounts for
90% of AMD-related blindness. Because 42%
of patients with nAMD in 1 eye develop neo-
vascular membranes in the second eye within
5 years,9 a patient with nAMD in 1 eye who
develops suggestive symptoms (blurred vision
or distortion) in the fellow eye should be
referred promptly.

PATHOPHYSIOLOGY
Age-related macular degeneration is a multi-
factorial disease, the etiology of which is not
completely understood, but RPE dysfunction
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due to oxidative stress, lipid metabolism,
inflammation, and complement activation is
believed to play a crucial role. The elevated
metabolic rate and high oxygen consumption
of the macula puts this tissue in a state of
chronic oxidative stress.10 The continuous up-
take and degradation of shed photoreceptor
outer segments by the adjacent, aging RPE
cells causes lipofuscin to accumulate beneath
the retina, which induces cell injury, dysregu-
lation of RPE function, and abnormal extracel-
lular matrix deposition into Bruch membrane
(the basement membrane of both the RPE
and the choriocapillaris [the innermost blood
vessel layer of the choroid]). Together with
oxidative stress, these changes trigger inflam-
mation that damages the RPE and compro-
mises the outer blood-retinal barrier (the
tight junctions between RPE cells that limit al-
bumin movement into the retina).11 Progres-
sive damage to Bruch membrane together
with the upregulation of vascular endothelial
growth factor (VEGF) due to hypoxia and
inflammation induces the growth of new
choroidal vessels into the sub-RPE or subreti-
nal spaces.

Excessive activation of complement, pre-
sent in high concentration within drusen, con-
tributes to disease progression.12,13 Oxidative
stress amplifies this response by making the
RPE more susceptible to complement-
associated injury. Activation of the comple-
ment cascade together with oxidative stress in-
crease VEGF secretion by up to 100-fold,
thereby inducing abnormal new vessel forma-
tion in the macula (macular neovascularization
[MNV]).

Genetic, environmental, and metabolic fac-
tors play complex roles in the development of
AMD. The most important nonmodifiable risk
factors are advanced age,14,15 Caucasian race,
blue iris,16 and genetic mutations, whereas
modifiable risk factors include smoking,17,18

systemic arterial hypertension (SAH),16,19

and diet.20-23 Smokers have 6 times higher
risk of developing dry AMD than
nonsmokers.24

Genome-wide association studies have
identified risk variants in the ARMS2,
HTRA1, and PLEKHA1 genes on chromosome
10,25 the CFH Y402 H26 gene on chromosome
1, and the TIMP3 gene.25 Genetics and risk
scoring that includes age, sex, and smoking
/doi.org/10.1016/j.mayocpiqo.2024.05.003 365
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FIGURE 1. Multimodal imaging in neovascular age-related macular degeneration. (A) Color fundus
photograph of macular neovascularization (MNV) seen as yellow gray lesion with surrounding hemor-
rhage. (B) Corresponding fundus autofluorescence showing mixed hyperautofluorescence and hypo-
autofluorescence. (C) Fluorescein angiography showing leakage from the MNV seen as lacy
hyperfluorescence. (D) Optical coherence tomography showing subretinal pigment epithelial hyper-
reflective lesion suggestive of MNV.
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can predict the cumulative risk of developing
late AMD,27 but given the variability in age
at disease onset, progression, and clinical man-
ifestations, genetic factors are probably just
one of the many contributors to AMD devel-
opment and further studies are needed to
establish direct causality. At this time, neither
the American Academy of Ophthalmology
nor any of the major retina societies recom-
mend genetic testing for AMD because altering
the disease trajectory can only be achieved
with the abovementioned lifestyle modifica-
tions. A healthy lifestyle with a low-fat diet,
control of SAH and lipids, and cessation of
smoking is appropriate for AMD risk mitiga-
tion just as it for decreasing the risk of cardio-
vascular disease.
Mayo Clin Proc Inn Qual Out n August 2024
CLINICAL FEATURES AND STAGING
Age-related macular degeneration is usually
classified into early and late stages by clini-
cians, whereas clinical trials frequently use
the Age-Related Eye Diseases Study (AREDS)
severity scale.28 In early AMD, vision changes
are absent or mild (blurred vision, decreased
contrast sensitivity, and impaired dark adapta-
tion), whereas late AMD presents with distor-
tion of images (metamorphopsia), central
scotomas, and loss of central vision.
Early AMD
Early AMD is often asymptomatic, but some
individuals may notice mild central distortion
and difficulty in reading in low light. Drusen,
;8(4):364-374 n https://doi.org/10.1016/j.mayocpiqo.2024.05.003
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FIGURE 2. Multimodal imaging in dry age-related macular degeneration. (A) Color fundus photograph
showing drusen. (B) Color fundus photograph of a patient with geographic atrophy with well demarcated
borders. (C)The corresponding area of geographic atrophy on fundus autofluorescence appearing as a
decreased autofluorescence. (D) Optical coherence tomography of geographic atrophy seen as loss of
outer retinal layers.
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small yellowish deposits composed of lipids
and proteins that are situated between the
RPE and Bruch membrane, are the first visible
signs and are the clinical hallmark of AMD.
Both the size and number of drusen contribute
to the risk of AMD progression. Drusen often
progress over time, sometimes followed by
more severe forms of AMD and loss of central
vision.29 The AREDS found that specific com-
binations of vitamins slow progression of dru-
sen to advanced AMD in 25% of patients.30

Intermediate AMD
Intermediate AMD is defined as any medium-
sized drusen or 1 large drusen and/or GA of
the RPE not involving the center of macula
that may cause mild metamorphopsia. The
5-year risk of progression from intermediate
to advanced AMD is approximately 18%.31
Mayo Clin Proc Inn Qual Out n August 2024;8(4):364-374 n https:/
www.mcpiqojournal.org
Advanced AMD
Neovascular AMD. Neovascular AMD, the
most common form of advanced AMD,32 oc-
curs when new choroidal or retinal blood
vessels grow into the sub-RPE and subretinal
spaces. The resultant fluid, hemorrhage, lipid
exudates, or detachment of the RPE, if un-
treated, lead to irreversible, severe vision loss
and fibrovascular scarring sometimes with
outer retinal atrophy.

Geographic Atrophy. Geographic atrophy,
the advanced form of dry AMD, is character-
ized by loss of the RPE, photoreceptors, and
choriocapillaris. Progression of atrophy often
leads to progressive, permanent loss of central
vision, although this loss occurs more slowly
than that experienced by patients with
nAMD.33-35 In fact, sudden loss of vision in
/doi.org/10.1016/j.mayocpiqo.2024.05.003 367
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a patient with GA should raise the suspicion of
newly developed neovascularization and
should prompt a referral.

DIAGNOSIS AND IMAGING
Individuals older than 55 years should un-
dergo a dilated fundus examination to screen
for macular degeneration. For patients at risk
of developing advanced AMD (those with a
previous diagnosis of early AMD, a strong fam-
ily history, and smokers), regular monitoring
of vision with an inexpensive, low-tech Amsler
grid card is an easy and cost-effective way to
identify progression; however, the sensitivity
is disappointingly low. For patients with early
and intermediate AMD, home monitoring de-
vices can be used (eg, ForeseeHome) but
obtaining coverage with insurance can some-
times be challenging.

The gold standard for diagnosing AMD re-
mains a thorough ophthalmologic examina-
tion with appropriate ancillary testing.
Figures 1 and 2 show the multimodal imaging
techniques used in evaluating patients with
AMD.

Color fundus photography is a well-
established and widely accepted technique
for documenting fundus changes and assess-
ing progression by capturing high-resolution
images of the retina. Photography is a simple,
noninvasive, widely available, cost-effective
tool for assessing the macula.36

Fundus autofluorescence produces high
contrast retinal images by detecting natural
fluorescence emitted by endogenous break-
down products from photoreceptor outer seg-
ments that accumulate as lipofuscin in the
RPE.37 Autofluorescence has become the
gold standard for detecting and measuring
GA areas because hypoautofluorescence areas
of RPE loss are surrounded by high contrast
borders of hyperfluorescence.38-43

Fluorescein angiography (FA) includes the
intravenous injection of fluorescein dye fol-
lowed by repeated imaging of the retina
(through 10 minutes) with short-wavelength
excitation light through barrier filters. Until
the recent introduction of optical coherence
tomography, FA had been the gold standard
for diagnosing MNV.36

Indocyanine green angiography better
(compared with FA) visualizes the choroidal
vessels because the high binding affinity of
Mayo Clin Proc Inn Qual Out n August 2024
the dye to plasma proteins enables only mini-
mal dye leakage from the choriocapillaris. The
infrared wavelength (795-805 nm peak fluo-
rescence emission) of indocyanine green en-
ables better visualization through overlying
pigment, fluid, lipid, and hemorrhage than
fluorescein.44

Spectral-domain optical coherence tomog-
raphy has recently become the standard for
diagnosing and managing nAMD. Optical
coherence tomography uses low-coherence
laser light that has been reflected from the tis-
sues to reconstruct 3-dimensional, high-
resolution images of retina with axial resolu-
tion of 3-6 mm. Optical coherence tomography
images many of the findings of early, interme-
diate, and advanced AMD45-49 and is particu-
larly useful for visualizing and monitoring
the fluid compartments of the retina, thus aid-
ing in planning and monitoring of anti-VEGF
treatment.

Optical coherence tomography angiog-
raphy is a noninvasive technique that images
the microvasculature of the retina and choroid
by detecting blood flow based on motion
contrast derived from movement of blood
cells. Neovascular membranes are well visual-
ized, with information regarding size and
microvascular anatomy.50
MANAGEMENT
Current management of early dry AMD fo-
cuses on slowing disease progression. Lifestyle
changes including smoking cessation,51,52

physical activity,53,54 and the consumption of
a Mediterranean diet55,56 have been shown
to slow progression to nAMD. The AREDS1
and AREDS2 trials found that patients with in-
termediate AMD in both eyes or those with in-
termediate AMD in 1 eye and advanced AMD
in the other eye may benefit from a combina-
tion of antioxidants and vitamins.57 At 5 years,
the risk of losing 3 or more lines of visual acu-
ity (VA) reduced by 19%, and the rate of
development of advanced AMD reduced by
25%.57 Higher doses of b-carotene in the
AREDS1 formulation increased the risk of
developing lung cancer in smokers,58 so
smokers and previous smokers should use
the AREDS2 supplements (Table 1), which
do not contain b-carotene. The lipid content
of drusen suggests that high-dose statin
;8(4):364-374 n https://doi.org/10.1016/j.mayocpiqo.2024.05.003
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TABLE 1. Supplements Used in AREDS2

Supplement Daily dose

Vitamin C 500 mg

Vitamin E 180 mg

Lutein 10 mg

Zeaxanthin 2 mg

Zinc oxide 80 mg

Cupric oxide 2 mg

Abbreviation: AREDS, age-related eye disease study.
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therapy might lead to drusen regression,59,60

but more research is needed.
Neovascular AMD
Thermal laser ablation and photodynamic
therapy were the only available treatments of
nAMD in the 1990s and early 2000s, respec-
tively, but poor visual results coupled with
the introduction of anti-VEGF therapy have
minimized their use except in some cases of
polypoidal vasculopathy (a subgroup of type
1 MNV).61-63

Vascular endothelial growth factor plays a
pivotal role in the development of MNV, so
preventing its actions has become the primary
treatment of eyes with nAMD.64 Anti-VEGF
drugs are injected into the vitreous via quick,
in-office procedures (Figure 3), with low asso-
ciated risks, few adverse effects, and quick re-
covery times. Most drugs are packaged in
prefilled syringes (that generally become avail-
able 1 year after the drug has been approved)
with 30- or 32-gauge needles and are injected
3 to 4 mm behind the limbus through the
FIGURE 3. In-office intravitreal injection
technique.
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eye’s pars plana region. Topical anesthesia
usually provides sufficient comfort though
some patients require subconjunctival injec-
tions of lidocaine. Topical 5% or 10%
povidone-iodine reduces the risk of postinjec-
tion endophthalmitis but some sensitive pa-
tients will have persistent antisepticeinduced
surface irritation for 24-48 h after
instillation.65

Pegaptanib sodium (Macugen) was the
first US Food and Drug Administration
(FDA)-approved anti-VEGF drug for the intra-
vitreal treatment of nAMD (2004) but it was
quickly replaced by more potent paneVEGF-
Aebinding drugs that produce better disease
control and superior vision outcomes.66

For patients with newly diagnosed nAMD,
clinicians have several pharmacologic agents
and treatment strategies to choose. Preferred
practice patterns for patients with nAMD have
increasingly focused on a personalized
approach for each patient. Treatment begins
with monthly intravitreal anti-VEGF injections
until the eye is stable (generally a dry macula
and optimal improvement in VA). Most physi-
cians then adopt a treat-and-extend regimen
that features injections at each clinic visit, but
the time between visits is extended by 2- to
4-week adjustments until the maximum effec-
tive interval is determined.67 Most physicians
extend the intervals to a maximum of 12 or
16 weeks (if possible) and then continue inject-
ing at this interval to maintain disease control.
The treat-and-extend regimen not only mini-
mizes the numbers of both injections and clinic
visits but also achieves improvements in VA
that rival those from the phase III registration
trials.68,69 Patients are monitored frequently to
look for disease recurrence and minimize the
risk of irreversible scarring. Optical coherence
tomography imaging is an essential monitoring
tool to assess disease status and institute
changes in therapy when appropriate.

Anti-VEGF therapy is the standard of care
for all subtypes of nAMD, but not all eyes
respond adequately, and a decrease in VA is
common after years of treatment.70,71 Drug
tolerance/tachyphylaxis may occur in a subset
of patients with anti-VEGF refractory and
these eyes may benefit from switching medica-
tions. Close monitoring of the fellow eye is
crucial because the risk of bilateral advanced
AMD is high, with almost half of patients
/doi.org/10.1016/j.mayocpiqo.2024.05.003 369
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TABLE 2. Currently Available US Food and Drug Administration-Approved
Intravitreal Drugs for AMD

Disease Drug Biological forms Target

Dose
(mg/
mL)

Neovascular
AMD

Pegaptanib
sodium
(Macugen)

Pegylated
synthetic RNA-
based
oligonucleotide

VEGF-A isoform 165 0.3/
0.05

Bevacizumab
(Avastin)

Recombinant
humanized
monoclonal
IgG1

VEGF-A all isoforms 1.25/
0.05

Ranibizumab
(Lucentis)

Humanized IgG1
antibody
fragment

VEGF-A all isoforms 0.5/
0.05

Aflibercept
(Eylea)

VEGF-trap VEGF-A, VEGF-B, PGF,
pan-inhibition VEGF

2/
0.05

Brolucizumab
(Beovu)

Humanized single-
chain antibody
fragment

VEGF-A (VEGF110, 121
and 165) and VEGFR-
1 and VEGFR-2

6/
0.05

Geographic
atrophy

Pegcetacoplan
(Syfovre)

Synthetic peptide Complement factor C3 15/
0.1

Avacincaptad
pegol
(Izervay)

Pegylated RNA
aptamer

Complement factor C5 2/0.1

Abbreviations: AMD, age-related macular degeneration; IgG, immunoglobulin G; PGF, placental
growth factor; RNA, ribonucleic acid; VEGF, vascular endothelial growth factor; VEGFR, vascular
endothelial growth factor receptor.
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requiring treatment in both eyes within 3
years.72,73 Long-term follow-up studies show
that gains made with the first 2 years of treat-
ment are often not maintained over additional
years of follow-up,74 with atrophy and fibrosis
being important causes of late vision loss.75

Intravitreal injections are generally safe but
associated risks include elevated intraocular
pressure, subconjunctival hemorrhage, vitre-
ous hemorrhage, retinal detachment, and
endophthalmitis. Endophthalmitis is the
most significant vision-threatening complica-
tion with reported incidences of 0.019%-
0.07%.76-78 Anti-VEGF drugs leave the eye
without being metabolized and enter the sys-
temic circulation where they might increase
the risks of SAH, myocardial infarction, car-
diac arrest, and stroke (known complications
of systemic anti-VEGF therapy), but a recent
pooled data analysis of 80,000 patients found
that there is no increased risk of acute myocar-
dial infarction, cerebral vascular disease, or
major bleeding after administration of
Mayo Clin Proc Inn Qual Out n August 2024
bevacizumab, ranibizumab, or aflibercept.79

Despite 2 decades of intravitreal anti-VEGF in-
jections that now number over 7 million per
year, we are still unable to quantify the sys-
temic risks associated with intravitreal therapy.

Our inability to predict a patient’s
response to therapy, trauma caused by
repeated intraocular injections, and the devel-
opment of retinal atrophy after long-term ther-
apy renders current intravitreal therapeutic
regimens suboptimal. The increasing financial
and social burdens that intravitreal anti-VEGF
therapy imposes on elderly patients and the
health care system are challenging, so longer
lasting drugs or sustained release formulations
of currently available agents would mitigate
these. Newer treatments are focused on
extending the duration of clinical action to
decrease treatment burden and improve
adherence, and some investigational drugs
aim to increase peak efficacy by targeting
non-VEGF biochemical pathways.
Angiopoietin-2 blocking drugs have been
studied but no advantage over anti-VEGF
monotherapy has yet been reported.

Dry AMD
Current management of dry AMD consists of
lifestyle modifications, timely recognition of
early MNV, intravitreal pharmacotherapy,
and low vision aids. Nutritional supplementa-
tion to reduce the oxidative damage caused by
smoking, ultraviolet light exposure, and
oxidative stress should be prescribed to pa-
tients with intermediate AMD,80 but current
nutritional supplements only decrease the
chances of progression to nAMD. Antioxidant
drugs, complement cascade inhibitors, visual
cycle inhibitors, gene therapy, cell-based ther-
apy, and neuroprotective agents are in clinical
trials, but few have shown encouraging results.

Two intravitreal inhibitors of the comple-
ment cascade have recently received the US
FDA approval for the treatment of GA. Pegce-
tacoplan (Syfovre), a complement 3 inhibitor
given monthly or every other month, reduced
the growth rate of GA by 20%-29%,81 and
avacincaptad pegol (Izervay), an anti-C5
aptamer, reduced GA growth by 27.3%-
27.8%,82 but neither drug prevented a decline
in vision function compared with the sham
group over the course of 2 years. The retina
community remains divided over the value
;8(4):364-374 n https://doi.org/10.1016/j.mayocpiqo.2024.05.003
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of these drugs, so their use in the United States
has been limited. Table 2 summarizes the
currently available US FDA-approved intravi-
treal drugs for AMD.

LOW VISION
Despite receiving appropriate prophylaxis and
timely treatment of advanced disease, many
patients will experience significant vision
loss. Patients with early AMD, therefore,
should be educated about the progressive na-
ture of the disease and the likelihood of vision
decline. When patients develop irreversible
vision loss, a common-sense approach to life
with the thoughtful imposition of limitations
becomes important to prevent injuries, but pa-
tients should also be encouraged to make the
best use of the vision they have to perform
daily activities. Vision rehabilitation with low
vision aids and occupational training should
be provided to improve the patient’s func-
tion.83 Patients with decreased vision should
undergo a comprehensive low vision evalua-
tion with appropriate adjustments in the man-
ifest refraction, demonstration and testing of
optical (magnification) devices, and optimiza-
tion of their environments. Commonly used
low vision aids include magnifiers, high-
power reading glasses, telescope-mounted
glasses, and closed-circuit television. At
home monitoring of vision with an Amsler
grid or FDA-approved home monitoring tool
to detect reactivation of or progression to
nAMD should be encouraged.

The Implantable Miniature Telescope, an
FDA-approved, cost-effective lens system,
may be effective for motivated patients with
bilateral, late AMD who undergo cataract
operation.84,85 This magnifies objects by
2.2� in the surgical eye (although it reduces
the width of the visual field) and enables pa-
tients to better see fine detail; the other eye re-
ceives a standard implant to provide wide-field
ambulatory vision. In addition to low vision
aids, newly invented assistive technology in-
cludes wearable electronic vision enhancement
systems, which provide hands free magnifica-
tion that enhance images, and improvement
VA and contrast sensitivity. Irisvision, OrCam,
eSight, Vision Buddy, and Acesight are wear-
able devices that contribute to vision rehabili-
tation in patients with central vision loss.
Clinical depression may be exacerbated by
Mayo Clin Proc Inn Qual Out n August 2024;8(4):364-374 n https:/
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the vision effects of AMD, so primary care
physicians should enquire about depression
symptoms and initiate timely referrals to the
appropriate providers.86
CONCLUSION
Age-related macular degeneration is a global
health problem that significantly decreases pa-
tients’ ability to read, drive, and identify faces
and adversely impacts their quality of life.
The use of specially formulated multivitamins
(zinc, copper, vitamin C, vitamin E, lutein,
and zeaxanthin) limits the development of
nAMD in patients with intermediate AMD.
Multimodal imaging categorizes disease severity
and identifies patients who are candidates for
pharmacologic therapy. The widespread use
of anti-VEGF therapy for nAMD has trans-
formed visual outcomes and reduced the inci-
dence of blindness by 50%. Therapies for GA
have been developed and approved but there
is limited evidence regarding their ability to
preserve vision. In summary, preserving vision
in patients with advanced AMD remains an un-
met need and continued research is required.
FUTURE PERSPECTIVES
Current research needs include the develop-
ment of treatments to prevent vision loss
from macular atrophy. Several companies are
developing sustained delivery anti-VEGF
drugs and devices to reduce treatment burden
and limit fibrosis.87 Once central vision has
been lost owing to RPE and photoreceptor
cell death, regenerative strategies such as RPE
graft transplantation, stem cell-derived graft
transplants, optogenetics, and bionic eye pros-
thetic devices will be needed.
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