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ABSTRACT

Introduction: The purpose of this review was to
explore the potential link between macular
atrophy (MA) of the retinal pigment epithelium
in patients with neovascular age-related macu-
lar degeneration (nAMD) with the disease
characteristics and morphological features.

Methods: To this end, we performed a search of
peer-reviewed articles published on the PubMed
database and included all relevant papers. We
then examined these papers for possible risk
factors for MA development in the context of
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nAMD treated with anti-vascular endothelial
growth factor drugs, as well as possible protec-
tive factors.

Results: Our review of the relevant publica-
tions revealed that areas of MA can be directly
visualized through multiple imaging modali-
ties. Associations have been identified between
MA of the retinal pigment epithelium and
choroidal neovascular membrane characteris-
tics, intra- and subretinal fluid, pigment
epithelial detachment, choroidal thickness,
subretinal hyperreflective material, outer retinal
tubulations, hemorrhage, subretinal drusenoid
deposits, refractile drusen, hyperreflective foci,
retinal angiomatous proliferation, polypoidal
choroidal vasculopathy, geographic atrophy in
the fellow eye, genetic factors, and age.
Conclusion: The findings of this review indi-
cate that a multimodal approach is recom-
mended for the assessment of MA. The
conclusions drawn to date on the correlation
between MA development or progression of MA
and specific risk factors and possible protective
factors are mixed. More clinical research is
needed to reach a better understanding of this
association.
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cence; Macular atrophy; Neovascular age-
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INTRODUCTION

Age-related macular degeneration (AMD) is
considered to be the leading cause of severe and
irreversible visual loss in the developed world in
patients aged over 55 years, and the third lead-
ing cause of blindness in the world [1, 2]. While
far less prevalent, the neovascular form of the
disease is responsible for the overwhelming
majority of serious vision loss from AMD [3].

Anti-vascular endothelial growth factor
(VEGF) therapy has revolutionized the treat-
ment of neovascular AMD (nAMD), proving to
be both effective and safe in improving visual
and anatomic outcomes in patients with nAMD
[4-7]. In current practice, almost all patients
diagnosed with nAMD are treated with anti-
VEGF therapy. Milestone clinical trials have
demonstrated efficacy of regular intravitreal
injections of the anti-VEGF drugs bevacizumab,
ranibizumab, or aflibercept in terms of improv-
ing visual acuity (VA) outcomes [7-12].

Although the actual cause of vision decline
in eyes on long-term treatment with VEGF
inhibitors is multifactorial, there is some evi-
dence that macular atrophy (MA) in eyes treated
for nAMD is a common cause of reduced long-
term visual function following initial short-
term visual gains [13-15]. In this review we
examine features of macular atrophy in relation
to the development and treatment of macular
degeneration. We first discuss methods of MA
assessment and associations with pathophysio-
logical characteristics of macular degeneration
and then we look at the association of MA with
factors related to treatment of macular
degeneration.

The pathogenesis of atrophic areas develop-
ing in the macula in treated nAMD is unclear
and may or may not be clinically distinguish-
able from geographic atrophy (GA) that devel-
ops in the setting of purely non-neovascular
AMD (non-nAMD). In this review, we therefore
use the term ‘macular atrophy’ (MA) to refer to
areas of atrophy within the macula of eyes with
nAMD, as it serves the intended purpose with-
out claiming that these lesions are similar to or
different from GA of non-nAMD.

METHOD

We performed a search of peer-reviewed articles
published on the PubMed database and inclu-
ded all relevant papers. We then examined
possible risk factors for MA development in the
context of nAMD treated with anti-VEGF drugs,
as well as possible protective factors.

This review article is based on previously
conducted studies and does not contain any
studies with human participants or animals
performed by any of the authors.

DETECTION AND ASSESSMENT
OF MA

Areas of loss or attenuation of macular tissue can
be directly visualized through multiple imaging
modalities. It has long been accepted that total
loss of retinal pigment epithelium (RPE) in areas
with hypertransmission seen in spectral-domain
optical coherence tomography (SD-OCT) should
be regarded as evidence of atrophy [12, 16-29].
Recently, according to an international
consensus, the Classification of Atrophy Meet-
ings (CAM) group recommended that non-
nAMD trials include color fundus photography
(CFP), fundus autofluorescence (FAF), near-in-
frared reflectance (NIR), and spectral-domain or
swept-source OCT [30].
Even more recently, the CAM group proposed
a more detailed classification system based on
OCT for AMD-related atrophy [31] in which
Fourier-Domain OCT is regarded as the reference
standard imaging modality to diagnose and grade
atrophy. Other imaging modalities, includ-
ing FAF, NIR, and color imaging, are considered
to provide complementary and confirmatory
information, especially in cases where OCT alone
may not be sufficient for diagnostic purposes [31].

Color Fundus Photography

In CFP, MA lesions are defined as sharply
demarcated areas of RPE hypopigmentation,
with underlying choroidal vessels clearly visi-
ble. CFP cannot visualize many lesion charac-
teristics associated with MA progression [32].
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Fundus Fluorescein Angiography

With fluorescein angiography (FFA), MA is
identified as well-defined areas of early hyper-
fluorescence termed “window defects” that are
created when RPE loss enhances visualization of
underlying choroidal vasculature perfused with
intravascular fluorescein dye. Late staining of
surrounding choroidal stromal tissue may blur
MA margins in later phases of FFA, rendering
the detection of MA less precise [32].

Fundus Autofluorescence

With short-wavelength FAF, MA lesions appear
as well-demarcated areas of hypoautofluores-
cence due to the loss of RPE cells containing
intrinsic fluorophores, such as lipofuscin. In a
healthy retina, the fovea appears darker than
the surrounding areas due to the foveal lutein;
therefore evaluating foveal integrity in the
presence of MA can be difficult. However using
FAF in combination with NIR can enable a
better foveal assessment [32, 33]. In many of the
clinical trials conducted to date FAF has been
widely adopted as the primary method to
detect, monitor, and quantify atrophic lesions
[14, 18, 20-22, 25, 34].

Near-Infrared Reflectance

Near-infrared reflectance imaging uses near-in-
frared wavelengths that are minimally absorbed
by media opacities, neurosensory layers, and
macular luteal pigments. MA usually appears
brighter than the surroundings, and NIR can aid
in detecting foveal lesion boundaries
[33, 35, 36]. However, the subfoveal choroidal
thickness (SCT) can also influence signal
intensity [32, 37].

Near-Infrared Autofluorescence

With near-infrared autofluorescence (NIA),
atrophic areas appear to be hypoautofluorescent
due to the lack of melanin, which is autofluo-
rescent in the infrared spectrum and enriched
in RPE cells [38]. Similar to NIR, one of the

advantages of NIA is that it is unaffected by
luteal pigment; however, eyes with dark irides
also have strong autofluorescence from under-
lying choroidal melanocytes, and this signal can
thus “wash out” areas of RPE loss that would
otherwise appear hypoautofluorescent [38],
making atrophy borders difficult to identify
[34].

Optical Coherence Tomography

Based on SD-OCT, MA is defined by an abrupt
increase in choroidal reflectivity below Bruch’s
membrane due to the loss of absorbing outer
retinal structures and RPE (choroidal hyper-
transmission); i.e., RPE, photoreceptor, and
choriocapillaris layer loss. SD-OCT has very
recently been proposed by the CAM Consensus
as a reference standard imaging modality to
diagnose and grade atrophy [31]. Recognizing
that atrophy can evolve to different stages, the
CAM Consensus suggests four histologic terms:
complete RPE and outer retinal atrophy
(cRORA); incomplete RPE and outer retinal
atrophy (iRORA); complete outer retinal atro-
phy (cORA); and incomplete outer retinal atro-
phy (iORA). cRORA is defined as a zone of
homogeneous choroidal hypertransmission and
absence of the RPE band measuring > 250 pm
with overlying outer retinal thinning and pho-
toreceptor loss, in the absence of an RPE tear.
iRORA is characterized by discontinuous chor-
oidal hypertransmission, RPE band and pho-
toreceptor loss, in cases where the criteria for
cRORA are not met. In cORA, hypertransmis-
sion is only intermittent, yet there is a contin-
uous absence of ellipsoid zone with severe
thinning of the outer retina, in the setting of a
largely intact RPE band. iORA demonstrates a
detectable ellipsoid distuption, thinning of the
outer retina, an intact RPE band, and no
hypertransmission [31].

OCT Angiography

Optical coherence tomography-angiography
(OCT-A) detects blood flow by analyzing the
changes in tissue reflectivity that occur between
rapidly acquired images, enabling three-
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dimensional reconstruction of retinal and
choroidal vasculature. Absence of choriocapil-
laris flow within a MA lesion has been reported
with OCT-A. Alterations in choriocapillaris flow
outside the GA lesion are also apparent in some
eyes with MA [32, 39-41].

Methods of MA Detection and Assessment
in Clinical Studies

Numerous clinical studies (see following list)
have worked towards achieving a better under-
standing of MA. However, the reports based on
these studies have wused various terms to
describe what is roughly the common subject of
interest in this review, i.e., areas of atrophy
within the macula of eyes with nAMD. The term
GA has been applied inconsistently, especially
in papers recording changes in atrophy related
to wet AMD and its treatment.

The reviewed clinical studies have also used
relatively different inclusion criteria and have
relied on different imaging modalities to detect
and assess MA.

These studies include:

The Comparison of Age-related Macular
Degeneration Treatments Trials (CATT) study
and HARBOR study, both of which relied on
CFP and/or FFA to detect atrophy of the
macula [13, 42-48]. In comparison, the
authors of the Inhibition of VEGF in Age-
related choroidal Neovascularization (IVAN)
study, Tanaka et al., and Kuroda et al. utilized
OCT in addition to CFP and FFA for atrophy
assessment [12, 16, 19, 24].

Zarubina et al. [23], Xu et al. [17] , and the
authors of the TREX-AMD study all assessed
areas of atrophy using NIR and SD-OCT.

In the TREX-AMD study, MA was mainly
detected and quantified using FAF [20, 21].
In the SEVEN-UP study, MA was detected
using FAF [14, 34]. In their study, Thavikul-
wat et al. [25] relied on several modalities,
including FAF, CFP, FFA, and OCT [25].
Similarly, Hata et al. [22] evaluated MA using
CFP, SD-OCT, and FAF [22].

Schiitze et al. [18] used a polarization-sensi-
tive OCT segmentation algorithm and

correlated the algorithm with SD-OCT and
FAF findings.
Young et al. [28] and Wons et al. [29]
determined the RPE atrophy area using OCT.
Table 1 shows and summarizes the imaging
modalities and criteria used in detecting and
assessing MA in the relevant studies on nAMD
eyes treated with anti-VEGF drugs.

PHENOTYPE CHARACTERISTICS
ASSOCIATED WITH MACULAR
ATROPHY

Several studies have identified a correlation
between MA and particular factors. Some factors
have been found to increase the risk of devel-
oping MA or its progression, as noted in Table 2.
Alternatively, others were found to provide a
protective effect from MA, as reported in
Table 3.

Choroidal Neovascularization
Characteristics and MA

Tanaka et al. [16] suggested that during the
course of anti-VEGF therapy GA typically does
not progress beyond the original boundaries of
a choroidal neovascularization (CNV) lesion
unless the eye had GA outside these boundaries
at the time anti-VEGF treatment was initiated.
This suggestion was based on the results of their
retrospective cohort study of 75 patients with a
follow-up of at least 3.5 years after the start of
anti-VEGF therapy [16].

Eyes that demonstrate enlargement of GA
outside the original boundaries of the CNV
lesion appear to be eyes manifesting enlarge-
ment of preexisting GA that is likely unrelated
to the CNV, similar to how GA typically enlar-
ges in eyes with drusen in the absence of CNV
or anti-VEGF therapy [16].

A retrospective study by Xu et al. [17] of 94
eyes on anti-VEGF therapy for a minimum of
12 months found that 55.3% of eyes experi-
enced apparent GA growth. The neovascular-
ization type was a major factor related to GA
development. The odds of developing apparent
GA were significantly lower in type 1
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neovascularization compared to the other
lesion types [17]. The authors stressed the
importance of the anatomical classification of
CNV, as the CNV type affected the prognosis of
GA development in eyes treated with anti-VEGF
therapy for nAMD [17] because eyes with type I
CNV (occult) had been previously found to be
resistant to the development of GA [49]. This
finding by Xu et al. was supported by previous
studies; for example, Grossniklaus and Green
[50] suggested that the RPE and the photore-
ceptors obtain some nutritional support from
the neovascular tissue underneath the RPE in
type I CNV.

In the CATT study, the baseline CNV size
correlated with the risk for GA development, so
that a larger CNV area at baseline was a risk
factor for GA development [42]. At 2 years of
follow-up, results from the CATT study also
indicated that eccentricity from the central
fovea and more classic component of CNV were
associated with higher GA growth rates [13];
these results were confirmed again in the 5-year
report [43].

NIA
++

FAF OCT NIR/

Imaging modality used to
assess MA®

CFP/
FFA
++

Intraretinal Fluid and MA

Intraretinal fluid at the foveal center was one of
the baseline risk factors found for GA develop-
ment in the CATT study [42].

Post hoc analysis of the HARBOR study
results found that development of MA was
associated with baseline presence of intraretinal
cysts [44]. Interestingly, Schiitze et al. [18]
reported that localized RPE atrophy was fre-
quently observed beneath intraretinal cysts and
that fluid accumulation was present, associated
with the dysfunctional neurosensory retina.

least 2 of the following three characteristics (on CFP, and when available, red-free fundus photographs and FFA): roughly

An area of partial/complete RPE depigmentation, with thinning of the overlying neurosensory retina with the addition of at
round/oval shape, sharp margins, and visibility of underlying choroidal vessels

(1) A hyperreflective area on NIR with a sharp border spanning > 250 um in maximum linear dimension, and
(2) corresponding degeneration of RPE and outer retina with choroidal hypertransmission on OCT

Atrophy detection criteria

Subretinal Fluid and MA

The authors of the CATT study reported that
favorable baseline factors associated with a
lower risk for GA development included OCT
measurements of subretinal fluid (SRF) thick-
ness of > 25 um [13].

In the HARBOR trial, some patients with
residual CNV activity and small amounts of SRF
had less MA [45, 46]. The authors of this trial

Term used
GA of the RPE

MA

CFP Color fundus photograph, CNV choroidal neovascularization, FAF fundus autofluorescence, FFA fundus fluorescein angiography, GA geographic atrophy, MA macular atrophy, N4 near-infrared
+ +, used, as main imaging modality; 4, used as auxiliary imaging modality; —, imaging modality not used

autofluorescence, NIR near-infrared reflectance, OCT optical coherence tomography, RPE retinal pigment epithelium, TREX treat and extend

Table 1 continued
Study

Tanaka et al. [16]
Zarubina et al. [23]

a

A\ Adis



241

Ophthalmol Ther (2019) 8:235-249

1030%§ Ys11 se Apnis Ul PaynBUSPI 10U ‘— $1010T) JSU st ApnIs ur paynuapy ¢
3 st P ! pagluopl 3 St P P PogRuspl '+

e1ep SUIsSTU /ON] s

Amoe [ensia pr4 PMp [RURDIQNS ,JY§ ‘TeLIPIEW ANDOPI-1odAY [eunaiqns /s s31sodop Proussnip [eUnaIqns (7(7S ‘SSAUNIIY3
[EproIoYD [eas03qns 7§ ‘uonerdfijoid snojewoidue [eunar gy Auswydeiap [erpyards auswdlg 74 “Ayredonosea reproxoyd yeprod4jod 4o ‘prmy reunasrenur 7yy o8eyiiowsH gf7

A O O A A A

+

A O O O A A

—+

A A A A A A

+ o+

+ § §
§

7l A ) 7} L7} A ) L7 L7l e 7}
| 7} 7 ) ) )
| +

A A A A

A O O O A A
L7 7 L WL 7 B )

o o A A

§
§

§ [z2] Te 3 wrey
§  [ST] Te 32 yemmyiaey
§ [81] Te 32 2zanyds
§ [€27] Te 30 eulqniey
§ [#2] Te 39 epoiny
+ [91] Te 22 Byeue],
- - - - (£1] e 22 nX
— — — — [82] ‘Te 32 Bunoyx,
[1Z ‘0t] ANV-XTIL
[L=¥¥) MOTIVH
(16 '61] NVAI

(87] (reh ¢) LLVO

(¢S ‘¢t op] (1eah 7)
§ + + + LLVD

L7 7 B L WL Z B
A A A A A A

- 4 -
+
o o o
o o o

o
+
+
+

BIWIL[0INSI[OYD
-xadAy

VA
surpaseq

100

VI
[erd3e[EnIUu0) UM#\

uasnIp
ey dvd ddS

qH WYHS

Suruury
L1OS

TAI 971 UONEd0]
ddd [EBw)  AND AND

VN Surdopaasp 10y s1035%§ ysny Apmig

s3nIp 10108 YIMOI3 [RIPYIOpPUD TE[NOSEA-IIUE YAIM PIIEIN

COUGHDQUMD.T umﬁﬂuwe .Toﬁ&u.?o%m uN?Umd\rOuE Ju:ﬁ $ahd ur %&QOHUN HNﬁDU&E mO wuﬂmuﬂum uﬁm>u~u.~ %L To@_uﬁoﬁﬂ %&&OHUN udTAUNE WCMQO~D>Uﬁ HO'w muOuUN'.w vﬁmg < 2191

I\ Adis



242

Ophthalmol Ther (2019) 8:235-249

also reported that baseline SRF presence was
inversely associated with MA [44].

Pigment Epithelial Detachment and MA

The authors of the IVAN study reported that 12
of the 18 eyes with pigment epithelial detach-
ment (PED) at baseline that were treated with
anti-VEGF therapy and which showed GA at a
follow-up visit, also showed the area of GA to be
localized to the site of PED. The strong spatial
localization of GA to the area of pre-existing
PED suggests a predisposition to GA in eyes with
this characteristic [19, 51].

A post hoc analysis of the HARBOR study
results also suggested an association between
PED and MA. Among the study eyes with PED at
baseline but no detectable MA at baseline, there
was an approximately threefold higher rate of
MA development in patients with complete
flattening of PED compared with patients with
persistent PED at month 24. MA development
at month 24 was independent of PED size at
baseline [45-47]. These data support a concept
that treatment to resolve PED completely may
not be essential as more MA is seen when the
PED is resolved completely. However, it is
unclear from the data whether MA preceded or
followed PED resolution, nor has the type of
PED been specified in this study. Also, these
data are the result of an exploratory post hoc
subgroup analysis and the results should be
interpreted with caution [47].

In the TREX-AMD study, PED thickness was a
significant predictor of new MA development in
eyes with no MA at baseline [20].

In the CATT study, a sub-RPE tissue complex
thickness of > 275 pym was associated with a
lower risk for GA development [13]. In addition,
absence of sub-RPE fluid at baseline was found
to be associated with a higher growth rate [43].

Subfoveal Choroidal Thickness and MA

In the TREX-AMD study, subfoveal choroidal
thickness (SCT) was measured at baseline with
SD-OCT using the electronic caliper available
on the software. Subfoveal choroidal thickness
was measured at a single point in the foveal

center and defined as the distance from the
external edge of the RPE to the choroidoscleral
junction [20]. The baseline SCT was correlated
with the presence of MA at baseline and the
development of incident MA by month 18 [21].
Baseline SCT in eyes with MA was statistically
significantly less than in those eyes without MA
in both the non-nAMD and nAMD groups. The
cutoff threshold of SCT for predicting the
development of MA in cases without MA at
baseline was 124 pm. Among eyes without MA
at baseline, those with a baseline SCT of
< 124 um were 4.3-fold more likely to develop
MA than those with baseline SCT of > 124 ym
[21]. Eyes with a thinner SCT at baseline tended
to have more MA at month 18 and vice versa.

A study by Hata et al. [22] found that at
12 months of treatment of eyes with retinal
angiomatous proliferation (RAP), the progres-
sion rate of RPE atrophy area was negatively
correlated with baseline SCT.

Subretinal Hyper-Reflective Material
and MA

In nAMD, subretinal hyper-reflective material
(SHRM) is a morphological feature seen on OCT
as hyper-reflective material located external to
the retina and internal to the RPE. Willoughby
et al. [52] found a strong correlation between
the presence of SHRM and scar formation.

In the TREX-AMD study, the presence of
baseline SHRM and also baseline SHRM thick-
ness were significant predictors of new MA
development in eyes with no baseline MA. Eyes
with a thicker SHRM at baseline tended to have
more MA at month 18 and vice versa [20].

Outer Retinal Tubulations and MA

Further work [52] on eyes in the CATT study was
conducted to analyze a subset of eyes that were
imaged with SD-OCT beginning at week 56 and
again at week 104. Poor VA, greater lesion size,
and presence of baseline SHRM were associated
independently of each other with greater risk of
outer retinal tubulations (ORT). The same factors
were also identified as risk factors for developing
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Table 3 Protective factors from developing macular atrophy identified by relevant studies of macular atrophy in eyes with

neovascular age-related macular degeneration treated with anti-vascular endothelial growth factor drugs

Study Protective factors from developing MA®
Type 1 Blocked SRF PCV Sub-RPE complex Vitromacular
CNV fluorescence thickness attachment

CATT (2 year) [42, 43] ++ ++ 4+ 0§ ++ 4

CATT (S year) [48] ++ + ++ § ++ T

HARBOR [44-46] § § ++ § § §

Xu et al. [17] ++ § § § §

Kuroda et al. [24] § § ++ S §

$ No/ missing data

* + 4, identified in study as significant protective factor; +, identified in study as non-significant protective factor

MA itself [21, 53]. Furthermore, GA was found to
be itself a risk factor for ORT [53].

The aforementioned apparent agreement seen
in the CATT study between the risk factors iden-
tified for MA and those identified for ORT might
create an impression that MA and ORT are cor-
related. However, the MAHALO study, a cohort
study on fellow untreated eyes within the CATT
study which examined the effect of lampal-
izumab in patients with GA associated with non-
nAMD, has proven the opposite [54]. In
MAHALO, 108 baseline and month 18 data of
fellow eyes were studied. The enlargement rate of
GA in eyes with ORT was found to be significantly
slower than that of eyes without ORT [54].

Finally, the absence of diabetes and blocked
fluorescence have both been found to increase
the risk for ORT. However, conversely, in the
CATT study, blocked fluorescence was identified
as a favorable factor that provided protection
from MA [53].

Similar confusing conflictions have been
shown in dry AMD studies as well, where the
presence [55] and absence [56] of ORT were
both reported with greater GA enlargement
rates. Further Studies are needed to provide
convincing explanations.

Hemorrhage and MA

In the TREX-AMD study, the presence of baseline
hemorrhage was a significant predictor of new MA
development in eyes with no baseline MA [20].

In the CATT study, hemorrhage at baseline
was found to be associated with a higher MA
growth rate [43].

Subretinal Drusenoid Deposits and MA

Zarubina et al. [23] looked back at data from 74
eyes without pre-existing MA receiving anti-
VEGEF therapy for nAMD over a mean follow-up
of 4.7 years on a continuous treat-and-extend
regimen. Of these 74 eyes, 51% developed MA.
Compared with eyes without subretinal druse-
noid deposits (SDD), those with SDD at baseline
were threefold more likely to develop MA. Eyes
with SDD present in the inferior macula and
inferior extramacular fields at baseline were
three- and 6.5-fold more likely to develop MA at
follow-up than eyes without SDD in these
locations. SDD were independently associated
with MA development [23].

Retinal Angiomatous Proliferation
and MA

Retinal angiomatous proliferation (RAP) was
identified in the CATT study as one of the
baseline risk factors for GA development [42]. A
study by Hata et al. [22] included 46 eyes with
treatment-naive RAP. The progression rate of
RPE atrophy area was negatively correlated with
baseline SCT. RPE atrophy developed in 36.6%
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of the eyes during the 12 months following
anti-VEGF treatment for RAP [22].

Polypoidal Choroidal Vasculopathy
and MA

Kuroda et al. [24] reported the results from their
retrospective interventional case series that
included 195 eyes with treatment-naive sub-
foveal nAMD treated as-needed (PRN) after
three once-monthly treatments with ranibizu-
mab. Polypoidal choroidal vasculopathy (PCV)
was associated with a lower incidence and a
slower progression of RPE atrophy compared to
typical nAMD [24].

Refractile Drusen and MA

Hata et al. [22] reported refractile drusen in RAP
eyes at baseline to be associated with RPE atro-
phy development at 12 months. These authors
identified the presence of refractile drusen at
baseline as a novel significant risk factor for RPE
atrophy development [22].

Hyperreflective Foci and MA

Hyperreflective foci (HRF) are regarded as a
predictor of CNV and leading hallmark of GA.

HRF are discrete, well-circumscribed lesions
with a greater reflectivity than the RPE band on SD-
OCT [57]. HRF overlying drusen are likely to rep-
resent disease progression, with RPE migration into
the retina and possible photoreceptor degenera-
tion or glial scar formation [58]. It has been repor-
ted that proliferation and inner retinal migration
of HRF occurred during the follow-up in eyes with
intermediate AMD and that these were associated
with a higher incidence of GA [59, 60].

Contralateral GA

In the CATT study, GA in the fellow eye was
considered to be a baseline risk factor for GA
development [42]. Furthermore, at 2 years of
follow-up, the growth rate of GA was higher for
eyes with contralateral GA [13]. The same was
still true at S years [43].

Post hoc analysis of the HARBOR study
found that development of MA was associated
with MA in the fellow eye at baseline [44].

MA Location

In the CATT study, GA was reported to be non-
foveal through the 2-year initial period of the
study [42]. On the contrary, in the SEVEN-UP
study, MA was foveal-involving in 90% of study
eyes [14]. Schiitze et al. [18] reported that the
focal RPE lesions detected were diffusely dis-
tributed and not exclusively located subfoveally.

MA Enlargement Rate

The change in total MA lesion area over time
(mm?/year) is the most frequently used and
accepted endpoint for assessing MA progression,
and the value of this endpoint is usually presented
after square-root transformation (mm/year). Sig-
nificant predictors of the final area of RPE loss
includes the duration of time since baseline and
the square root of the area of baseline RPE loss [61].
Eyes with baseline GA have a greater enlargement
rate compared to eyes developing new-onset GA
[25]. GA in the fellow eye, hemorrhage, epiretinal
membrane, eccentricity from central fovea, more
classic component of CNV, and absence of sub-RPE
fluid at baseline have all been associated with a
higher growth rate [43].

OTHER RELEVANT FACTORS
AND MA

Genetic Risk Factors

At 2 years, the CATT study found that there were
no strong associations between the development
of GA and the presence of risk alleles for the CFH
(complement factor H), ARMS2 (age-related mac-
ulopathy susceptibility 2), HTRA1 (HtrA serine
peptidase 1), C3 (complement C3), or TLR3 (Toll-
like receptor 3) genes [13].

Kuroda et al. [24] reported that the ARMS2 and
CFH polymorphisms were significantly associated
with baseline RPE atrophy, and that the G allele of
ARMS2 A69S and the A allele of CFH 162V were risk
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alleles for baseline atrophy [24], although their
analysis of genetic association did not show strong
effects of the ARMS2/HTRA1 and the CFH gene
polymorphisms in the development of RPE atro-
phy. Moreover, their data implies that AMD-asso-
ciated single nucleotide polymorphisms (SNPs)
have no influence on atrophy growth rates [24].

In their cohort of RAP cases, Hata et al. [22]
concluded that gene polymorphisms were not
associated with RPE atrophy. They did not find
any significant associations of two RAP-associ-
ated SNPs in ARMS2 and CFH with the devel-
opment or the growth rate of RPE atrophy in
RAP receiving anti-VEGF therapy [22].

Age

Thavikulwat et al. [25] reported that increasing
age is a baseline risk factor for GA development;
this association was also observed in the CATT
study [42].

Other Factors

The authors of the CATT study reported that
hypercholesterolemia and poor baseline VA are
baseline risk factors for GA development. Also, in
CATT, at 2 years of follow-up, the growth rate of
GA was higher for eyes with epiretinal membrane
[13]; the same still applied at 5 years [43].

On the other hand, favorable baseline factors
associated with lower risk for GA development
at 2 years in the CATT study included blocked
fluorescence and vitreomacular attachment
[42]. However, these factors were no longer
statistically significantly associated with risk of
GA at S years [43, 48].

DISCUSSION

Despite the advances in the treatments available
for nAMD, nAMD-related MA remains irre-
versible. In the SEVEN-UP study, about half of the
nAMD patients suffered significant vision loss at
the end of 7 years, mainly due to MA. MA is
reported to be the most prominent chronic factor
determining long-term vision in eyes treated for
nAMD [14, 34]. Both the presence of subfoveal

MA and increased area of MA are associated with
decreased best-corrected VA, with the latter being
the factor correlating most strongly with poor
long-term visual outcome [34].

Research to date shows an expansion of
atrophy during anti-VEGF treatment, but the
conclusions drawn on the correlation of MA
development or progression with particular risk
factors and possible protective factors are mixed
(see Tables 2 and 3).

Not all of the relevant clinical studies inclu-
ded in this review were of the same size or
design; consequently they provide different
levels of evidence. The studies had relatively
different inclusion criteria and relied on differ-
ent imaging modalities. Several studies, of sig-
nificant weight, lacked FAF imaging modality,
while a number of other large studies did not
utilize OCT to detect, assess or monitor MA
[42-48, 62, 63]. The reports of the studies
therefore should be interpreted with caution.

FAF is the most widely used imaging
modality in MA studies, based on the current
literature; however, it is likely that use of OCT
will increase still further in the future. The
accuracy of the OCT-derived layer-by-layer
information and its superior value in detecting,
monitoring, and quantifying MA lesions should
not encourage the disuse of FAF as it still has a
well-established role. A multimodal approach
consisting at least of OCT and FAF remains the
optimal choice and recommended method.

The development of prevention and possible
treatment strategies for MA will benefit from a
better understanding of its pathophysiology
and risk factors. More clinical research is still
needed to further understand this association.
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