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PURPOSE. To explore the occurrence of macular atrophy (MA) in eyes with age-related
macular degeneration (AMD)-associated Type 3 macular neovascularization (MNV)
treated with anti-vascular endothelial growth factor (anti-VEGF) therapy. Importantly,
we aimed at describing the existence of separate pathways leading to MA.

METHODS. We analyzed 41 participants (41 eyes) with treatment-naïve Type 3 MNV who
were followed up for a duration of 12 months after beginning the anti-VEGF ther-
apy. At the one-year follow-up visit, optical coherence tomography (OCT) scans were
reviewed for the presence of MA. MA regions of interest (ROIs) were selected and
traced back to their original dominant baseline lesion (i.e., precursor) through previ-
ous serially captured OCT scans. Baseline lesions included precursors associated with
the development and exudation of MNV and causes external to the neovascularization
itself.

RESULTS. At the one-year follow-up visit, MA was graded to be present in 38 (92.7%)
out of 41 eyes. These 78 MA ROIs were divided into two subgroups according to the
precursor lesion, yielding a group of 53 MA lesions with precursors associated with
the development and exudation of MNV (i.e., MA caused by physical harm from Type
3 neovessels, collapse of a serous pigment epithelium detachment, and fibrosis) and
25 MA regions with precursors external to the neovascularization itself (i.e., MA caused
by drusen or subretinal drusenoid deposits).

CONCLUSIONS. Eyes with Type 3 MNV are commonly complicated by MA and precursors
of MA include causes associated with the development and exudation of MNV, as well as
lesions unrelated to the neovascularization process itself.
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Neovascular exudative age-related macular degeneration
(AMD) is a prevalent reason for vision loss in indi-

viduals aged 50 and above.1 In AMD patients, the devel-
opment of a macular neovascularization (MNV) and subse-
quent exudation can lead to a decline in visual acuity.2 These
neovessels may arise from either the choroid (Type 1 and
Type 2) or the retina (Type 3). Initially, Type 3 MNV was
termed “retinal vascular abnormality” or “retinal vascular
anomalous complex.”3 Later, Yannuzzi and Negrão4 intro-
duced the term “retinal angiomatous proliferation” (RAP) for
this lesion, which is now commonly referred to as Type 3
MNV.5–9

Despite the significant improvement in visual outcomes
for patients with exudative neovascular AMD caused by anti-
vascular endothelial growth factor (VEGF) therapy’s ability
to resolve exudation, there are potential macular complica-
tions such as fibrosis, subretinal hemorrhage, and macular

atrophy (MA) that can arise and significantly affect clinical
outcomes.10–15

Researchers have proposed using the term “macular atro-
phy” to describe regions of retinal pigment epithelium
(RPE) atrophy and the loss of photoreceptors, regardless
of whether this complication is linked to MNV.12 On the
other hand, the term “geographic atrophy” (GA) is generally
reserved for cases without any associated exudative MNV.16

Previous significant research using color photographs and
fundus autofluorescence (FAF) images revealed that 40% of
the eyes exhibited MA at the onset of MNV, and approx-
imately half of these cases were attributed to pre-existing
GA.12 Moreover, neovascular AMD eyes with evidence of MA
experienced worse visual outcomes compared with those
without this complication.12,17

Structural optical coherence tomography (OCT) plays a
crucial role in assessing patients with neovascular AMD by
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providing detailed anatomical information. It is particularly
valuable for identifying signs of exudation and detecting
macular complications, including MA.17–19 A recent study
by Staurenghi et al.18 retrospectively analyzed the structural
OCT findings of neovascular AMD patients treated in the
HARBOR trial. The researchers aimed to establish correla-
tions between baseline characteristics and the development
of MA during the follow-up period. Notably, the study’s post-
hoc analysis revealed that Type 3 MNV in the study eye
was a strong risk factor for the development of MA at the
24-month follow-up visit.

In this longitudinal study over one year of follow-up, we
assessed the development of MA in a cohort of eyes with
newly diagnosed AMD-associated Type 3 MNV treated with
anti-vascular endothelial growth factor (anti-VEGF) therapy.
Furthermore, when examining lesions instead of the entire
eyes, we suggest a straightforward concept that suggests the
existence of separate pathways leading to MA in patients
with Type 3 MNV. These pathways might manifest indepen-
dently or in combination within a single eye.

METHODS

This was a multicenter, retrospective observational case
series that adhered to the tenets of the Declaration of
Helsinki. All patients involved signed an informed consent
form approved by the local Ethics Committees.

Subjects

The authors in this study identified patients with AMD
and treatment-naïve Type 3 MNV as determined by clinical
examination, structural OCT, OCT angiography (OCTA), and
angiography tests (i.e., fluorescein angiography and indo-
cyanine green angiography).6,7,19–21 All patients had under-
gone either OCTA or angiography tests at baseline to be
included. In structural OCT, Type 3 MNV appeared as a
hyper-reflective lesion situated in the outer retina, extending
toward a drusenoid or serous pigment epithelium detach-
ment (PED). This lesion exhibited detectable flow on OCTA.
Fluorescein angiography revealed a retinal arteriole bend-
ing toward the RPE, accompanied by intraretinal leakage
and subretinal leakage/pooling. Indocyanine green angiog-
raphy displayed a retinal arteriole bending toward the RPE,
featuring a hyperfluorescent hot spot and late leakage. Once
a diagnosis of exudative Type 3 MNV was established, all
patients were administered a loading dose of anti-VEGF
intravitreal injections, and, subsequently, the patients were
subjected to either an as-needed approach or a treat-and-
extend regimen at the discretion of the treating physician.

To be included in the study, the patients needed to be
followed up for a duration of 12 months after beginning
the anti-VEGF therapy. Throughout this period, the eyes
were regularly examined using OCT scans. These scans
were performed at least six times over the course of the
12 months, because the primary objective was to evalu-
ate how frequently MA developed within the eyes over the
course of one year and to trace precursor lesions of MA.

The criteria for excluding individuals from the study were
as follows: (i) the presence of concomitant Type 1 or 2 MNV,
(ii) the existence of fibrosis at baseline, determined through
fundus examination and structural OCT assessment,10 (iii)
indications of RPE tear,11 (iv) prior history of vitreoretinal
surgery in the eye under study, and (v) the presence of other

disorders affecting the macula or optic nerve. All patients
underwent a complete ophthalmological assessment includ-
ing structural OCT. This imaging was conducted using the
Heidelberg Spectralis HRA + OCT (Heidelberg Engineering,
Heidelberg, Germany) spectral domain device.

OCT Assessment

The spectral domain OCT imaging session included 19 hori-
zontal B-scans covering approximately a 5.5 × 4.5 mm area
centered on the fovea. Every B-scan consisted of an average
of 25 OCT images and images were acquired with a high-
resolution mode. For inclusion, the OCT images needed to
have a signal strength of at least 25 dB, as per the manufac-
turer’s suggestion.22

An experienced and certified grader (E.B.) initially
assessed the eligibility of structural OCT images. Subse-
quently, two independent graders (C.B. and F.R.) examined
OCT images at the one-year follow-up visit for the presence
of MA, which was defined using modified Classification of
Atrophy Meetings definitions.23 In details, MA was graded
to be present when a complete RPE and outer retinal atro-
phy (cRORA) was detected.23 The Classification of Atrophy
Meetings group defined cRORA as an area characterized by
hypertransmission spanning at least 250 μm in diameter,
accompanied by a zone of RPE attenuation or disruption of
at least 250 μm in diameter, along with evident photorecep-
tor degeneration. Importantly, these features are observed
without any indication of an RPE tear. Each MA was treated
as a distinct region of interest (ROI) and traced back to its
original dominant baseline lesion (i.e., precursor) through
previous serially captured OCT scans.

In cases where MA lesions were already visible during the
visit when the first signs of exudative Type 3 MNV appeared,
the OCT scans preceding this visit were also assessed and
included in the analysis. This was available for all included
subjects. Conversely, in cases where MA lesions developed
within the first year after the onset of MNV, there was no
need to examine visits before the baseline assessment. In
other words, we retrospectively reviewed visits, including
those before the baseline assessment if needed, until we
were confident in identifying the MA precursor. If an eye
had an ROI where establishing the baseline precursor was
not feasible because of the existence of this MA lesion before
the earliest accessible examination, this eye was not included
in the analysis.

Baseline lesions included precursors associated with the
development and exudation of MNV (i.e., see the “Results”
section for details). Conversely, causes external to the
neovascularization itself included drusen and subretinal
drusenoid deposits (SDDs), as previously demonstrated.24

Some eyes exhibited ROIs in multiple categories. The whole
grading process was conducted independently by the two
graders (C.B. and F.R.), and any differences in assessment
were openly resolved between them. To conclude the grad-
ing process and reach a final reading outcome, an experi-
enced and certified grader (E.B.) finally evaluated all prior
grading that was previously conducted and confirmed previ-
ous grading results after an open discussion with the two
graders. The experienced and certified grader modified the
grading in five out of 78 cases. After the latter grading was
completed, the same grader (E.B.) graded images at the visit
with first evidence of Type 3 MNV to classify the neovascu-
larization on the basis of the staging system proposed by Su
and colleagues.20
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Statistical Analysis

Statistical analysis was performed using Statistical Pack-
age for Social Sciences (28.0.1.0 version; IBM, Armonk, NY,
USA). All quantitative variables were reported as mean and
standard deviation (SD) in the “Results” section and Table.
Paired-samples t test and Fischer’s exact test were conducted
to compare quantitative and qualitative variables, respec-
tively, at baseline and follow-up visits. The chosen level of
statistical significance was P < 0.05.

RESULTS

Baseline Patients’ Characteristics

Forty-one patients (41 eyes) were enrolled in this study.
Mean ± SD age was 80.0 ± 6.9 years (range 66–96 years).
Twenty-two (53.7%) fellow eyes displayed evidence of
exudative neovascular AMD (i.e., 18 eyes with Type 3 MNV
and four eyes with Type 1 MNV), whereas five (12.2%) and
14 (34.1%) fellow eyes exhibited findings consistent with GA
and early/intermediate AMD, respectively.2

At baseline, 2 (4.8%) study eyes exhibited intraretinal
hyper-reflective lesions with IRF and without external limit-
ing membrane/ellipsoid zone disruption. These later obser-
vations matched the characteristics of stage 1 Type 3 MNV
(Table).20 In 4 out of 41 (9.8%) of the study eyes, neovessels
were associated with IRF and outer retinal disruption with-
out RPE disruption, the latter findings consistent with stage
2 Type 3 MNV not reaching the RPE (Table).20 The remain-
ing 35 (85.4%) eyes were graded to have features consistent
with stage 2 Type 3 MNV reaching the RPE or stage 3 Type
3 MNV,20 as in these cases the Type 3 lesions extended until
the RPE (i.e., stage 2 Type 3 MNV reaching the RPE) or into
the sub-RPE space (i.e., stage 3 Type 3 MNV). Mean ± SD
number of anti-VEGF injections during the study period was
7.6 ± 1.3. Thirty eyes underwent treatment following a treat
and extend regimen, whereas eleven eyes were treated using
an as-needed regimen.

Longitudinal Functional and Morphological
Changes

Visual acuity was 0.42 ± 0.29 LogMAR (Snellen equiva-
lent of approximately 20/50) in the study eyes at baseline
and 0.20 ± 0.22 LogMAR (Snellen equivalent of approxi-
mately 20/32) at the one-year follow-up visit (P < 0.0001)
(Table). On structural OCT, IRF was graded to be present in

41 (100.0%) and 13 (31.7%) eyes at baseline and one-year
follow-up visits, respectively (Table). Similarly, the presence
of SRF was confirmed in 20 (48.8%) eyes at baseline and one
(2.4%) eye at the one-year follow-up visit (Table).

Macular Atrophy Assessment

At the one-year follow-up visit, MA was graded to be present
in 38 (92.7%) out of 41 eyes. Among these 38 eyes with MA
at the one-year follow-up visit, 13 had evidence of MA before
the development of Type 3 MNV.

Overall, 78 regions of MA were graded to be present in
the whole cohort of study eyes. The average number of MA
lesions for each eye was 1.9 ± 1.2 (range 0–5) at the one-year
follow-up visit.

These 78 regions of MA that were detected at the one-
year follow-up visit were divided into two subgroups accord-
ing to the precursor lesion, yielding a group of 53 MA
lesions with precursors associated with the development
and exudation of MNV (i.e., MNV-related MA) and 25 MA
regions with precursors external to the neovascularization
itself (i.e., MNV-unrelated MA). Moreover, 18 (45.2%) out of
38 eyes had MA lesions secondary to MNV-related precur-
sors, whereas two (7.2%) eyes had MA lesions secondary
to MNV-unrelated precursors, and 18 (47.6%) eyes had
MA lesions secondary to both MNV-related and -unrelated
precursors.

MNV-Related Macular Atrophy

As mentioned above, 53 (67.9%) out of 78 regions were
graded to be associated with MNV-related precursors. In
details, our grading process revealed that precursors associ-
ated with the development and exudation of MNV included
the following:

Neovessels Causing a Mechanical Damage to the
RPE. The intrusion of neovessels into the sub-RPE space
resulted in mechanical harm to the RPE (Fig. 1). The extent
of RPE atrophy observed in this scenario fairly matches the
dimensions of the intraretinal hyper-reflective lesion, which
corresponds to the neovascularization crossing through the
RPE, leading to the inflicted mechanical damage. Twenty-
two (41.5%) out of 53 MA lesions in 21 eyes were graded to
be mainly associated with a mechanical damage to the RPE.

Collapse of a Serous PED. Serous PEDs may
be frequently associated with Type 3 MNV as a result
of neovascular exudation beneath the RPE (Fig. 2).20

Serous PEDs demonstrate a hyporeflective, optically empty

TABLE. Clinical and Morphologic Characteristics at the Baseline and Follow-Up Visits

Visits

Characteristic
Baseline Visit (First Evidence of

Exudative Type 3 MNV)
1-Year Follow-Up

Visit P Value

Visual acuity (LogMAR), mean (SD) 0.42 (0.29) 0.20 (0.22) <0.0001*

Type 3 MNV stage — —
Stage 1 2 (4.8%) — —
Stage 2 without RPE involvement 4 (9.8%) — —
Stage 2 with RPE involvement or Stage 3 35 (85.4%) — —

Intraretinal fluid 41 (100%) 13 (31.7%) —
Subretinal fluid 20 (48.8%) 1 (2.4%) —
Subretinal drusenoid deposits 25 (61.0%) — —

Quantitative values are expressed in mean ± SD (standard deviation).
* Paired-samples t test.
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FIGURE 1. Representative optical coherence tomography (OCT) B-scans of a patient with Type 3 MNV developing macular atrophy associated
with neovessels causing a mechanical damage to the RPE. Top row: Visit with first evidence of treatment-naïve exudative Type 3 MNV. Bottom
row: Twelve-month follow-up visit after the initiation of anti-vascular endothelial growth factor (anti-VEGF) therapy. OCT B-scan (top) shows
the presence of an intraretinal hyper-reflective lesion (orange arrowheads) reaching the RPE/sub-RPE space. This hyper-reflective lesion
corresponds to the invading neovascularization through the outer retina and RPE, leading to the inflicted mechanical damage. At the one-year
follow-up visit, a region of macular atrophy is detected (orange asterisk). The extent of RPE atrophy observed in this scenario fairly matches
the dimensions of the intraretinal hyper-reflective lesion. A magnified visualization of this region of interest is reported on the right.

space between the RPE and Bruch’s membrane. After the
resolution or reduction of the fluid leakage, serous PEDs
might collapse, leading to atrophy of the RPE. This atro-
phy typically extends beyond the dimensions of the hyper-
reflective lesion within the retina, which corresponds to the
neovascular lesion. Twenty (37.7%) out of 53 MA lesions in
13 eyes were graded to be mainly associated with a serous
PED collapse.

Fibrosis. The development of fibrosis resulted in RPE
atrophy in a number of cases. Fibrosis is typically defined
on OCT as hyper-reflective material, either in the subretinal
or sub-RPE space, associated with a well delineated mound
of white-yellowish tissue on fundus examination.25 Eleven
(20.7%) out of 53 MA lesions in 10 eyes were graded to be
mainly associated with development of fibrosis.

MNV-Unrelated Macular Atrophy

Twenty-five (32.0%) out of 78 regions were graded to be
associated with MNV-unrelated precursors (Fig. 3). As stated
above, precursors external to the neovascularization itself
included drusen and SDDs, as previously suggested.24 In
details, 24 MA lesions were drusen-associated, whereas only
one MA lesion was found to have developed within a region
with SDDs. Last, 14 (56.0%) out of 25 MA lesions secondary
to MNV-unrelated precursors were graded to have developed
before the occurrence of Type 3 MNV.

DISCUSSION

In this study, we described the occurrence and character-
istics of macular atrophy in a study cohort of individuals

with treatment-naïve AMD-associated exudative Type 3 MNV.
These patients received intravitreal anti-VEGF therapy and
were observed for a duration of 1 year. MA was graded to
be present when a cRORA was detected.23 Overall, results
of the present study demonstrated that eyes with Type 3
MNV may be commonly complicated by MA. Notably, we
identified distinct pathways leading to MA in these eyes.
This finding implies that various disease mechanisms might
contribute to the formation and progression of RPE atrophy
in the context of Type 3 MNV.

Macular atrophy is a common complication that may
be observed in eyes with neovascular AMD and is typi-
cally associated with worse visual outcomes.12,17 As noted
above, Staurenghi et al.18 retrospectively analyzed the struc-
tural OCT findings of neovascular AMD patients treated in
the HARBOR trial and demonstrated that Type 3 MNV in
the study eye is a relevant risk factor for development of
MA at the 24-month follow-up visit. In details, of the 1097
patients participating in the HARBOR trial, 177 individuals
had evidence of Type 3 MNV.18 Among these, 27 patients
(15.3%) with Type 3 MNV displayed signs of MA in the study
eye at baseline (i.e., before the initiation of anti-VEGF ther-
apy).18 In cases with no detectable MA at baseline, 49.2%
of these cases developed new MA by month 24.18 In total,
when considering both patients with existing atrophy before
treatment and those who developed atrophy during the
course of treatment, approximately two out of three patients
with Type 3 MNV experienced MA within two years.18 Simi-
larly, Baek et al26 investigated the incidence of MA in a
study on 73 eyes with AMD and exudative Type 3 MNV.
In the latter study, the authors showed that approximately
60% developed MA at year 3. Finally, the latter observations
aligned with the outcomes of the CATT trial, which similarly
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FIGURE 2. Representative images of a patient with Type 3 MNV developing macular atrophy secondary to collapse of a serous pigment
epithelium detachment (PED). Top row: visit with first evidence of treatment-naïve exudative Type 3 MNV; early and late indocyanine green
angiography (ICGA) images show an early hot spot with late leakage.Middle row: visit with first evidence of treatment-naïve exudative Type
3 MNV. Bottom row: Twelve-month follow-up visit after the initiation of anti-VEGF therapy. (Middle and bottom rows) OCT B-scan (middle
row) shows the presence of an intraretinal hyper-reflective lesion (orange arrowheads) reaching the RPE/sub-RPE space and determining
the formation of a serous PED (orange arrow). At the one-year follow-up visit, a region of macular atrophy was detected (orange asterisks at
the margins of this region). In this case, MA was graded to be secondary to collapse of the serous PED previously detected (i.e., multimodal
imaging excluded the presence of an associated Type 1 MNV). This atrophy typically extends beyond the dimensions of the hyper-reflective
lesion within the retina. A magnified visualization of this region of interest is reported on the right.

indicated that Type 3 MNV carries an increased likelihood
of MA development.27

Consistently, in our study cohort of eyes with treatment-
naïve Type 3 MNV at baseline, MA was detected in 31.7%
of patients at baseline. Among cases where MA was not
initially observable, approximately 90% of these cases devel-
oped new MA within a 1-year follow-up period. As a result,
the occurrence of MA in our study group seems to be higher
compared to previous reports.18,26 This could be attributed
to the majority of our patients (85.4% or 35 out of 41)
displaying evidence of stage 2 with RPE disruption or stage
3 Type 3 MNV.20 Assuming that Type 3 lesions extend until
the RPE at this stage, it is plausible that this may result
in mechanical harm to the RPE, potentially explaining the
increased incidence of MA in our study cohort. Additionally,
although Baek and colleagues26 excluded cases with fibrosis

from their analysis, we did not exclude such cases because
fibrosis is often associated with atrophy development,25 and
our main objective was to explore MA patterns in Type 3
MNV eyes. Last, the ability to detect MA relies on the quality
of OCT images, and the use of averaged OCT images might
have enhanced our ability to identify these types of lesions.

Although the above-mentioned previous studies have
examined the occurrence of MA in patients with Type 3 MNV
in exudative neovascular AMD,18,26 these reports did not
investigate the mechanisms that may contribute to the devel-
opment of MA in such cases. The correlation between MNV
Type 3 and MA was speculated to be related to the presence
of SDDs, given their prevalence in Type 3 MNV-affected eyes
and their established role as a risk factor for RPE atrophy.18

Alternatively, it was supposed that the progression toward
atrophy might also be influenced by a more pronounced
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FIGURE 3. Representative images of a patient with Type 3 MNV developing drusen-associated macular atrophy. Top row: Visit with first
evidence of treatment-naïve exudative Type 3 MNV; structural OCT B-scan passing through the Type 3 MNV shows an intraretinal hyper-
reflective lesion. The early phase indocyanine green angiography image displays the fluorescent intraretinal neovascularization.Middle row:
Visit with first evidence of treatment-naïve exudative Type 3 MNV. Bottom row: Twelve-month follow-up visit after the initiation of anti-VEGF
therapy. (Middle and bottom rows) OCT B-scans through the fovea (left column) shows the presence of exudative intraretinal fluid that
resolved after 1 year of treatment. At the follow-up visit, a region of macular atrophy (cRORA) was graded to be present in the perifoveal
superonasal region (middle column). This region was secondary to iRORA (i.e., the extent of RPE and photoreceptor loss measures less
than 250 μm in length) and contiguous drusen collapse, as evident by tracing this region back through the previous visits. A magnified
visualization of this region of interest is reported on the right.

impairment of the choriocapillaris blood flow.18,28,29 To gain
clarity on this important aspect, we traced the individual
regions of MA in prior serial eye-tracked structural OCT
scans back to their dominant precursor lesions. Overall,
these lesions included precursors associated with the devel-
opment and exudation of MNV (i.e., MA caused by physi-
cal harm from Type 3 neovessels, collapse of a serous PED,
and fibrosis) and causes unrelated to the neovasculariza-
tion process itself (i.e., RPE atrophy secondary to drusen
or SDDs). Recognizing precursors of MA holds significance,
because diverse treatment strategies might be applied to
mitigate the onset and advancement of atrophy based on
the underlying causes.

Retinal imaging has greatly expanded our comprehen-
sion of Type 3 MNV, and previous studies have demon-
strated that this neovascular lesion originates from the deep
vascular complex and extends downward toward the RPE,
possibly leading to exudation.8,20,30–32 In details, exudative
Type 3 MNV may have a preceding stage where a precur-
sor lesion exists without leakage. This precursor lesion is
commonly seen on structural OCT as an intraretinal hyper-
reflective focus above the external limiting membrane.33 In a
few cases, neovessels might exhibit leakage before causing
disruption in the outer retinal layers (referred to as stage 1
Type 3 MNV).20 Most commonly, before leading to exuda-
tion, neovessels progress through the outer retinal layers,
gradually disrupting them. Ultimately, they reach the RPE
or sub-RPE space, resulting in the physical disruption of
the RPE, which is present in most cases as displayed by
Matsumoto and colleagues.34 This damage is the hallmark of
most stage 2 Type 3 MNV cases and all stage 3 Type 3 MNV
cases.20 Consequently, this RPE damage frequently leads to
an area of MA, as indicated by our findings. The extent of

RPE atrophy observed in this scenario aligns with the dimen-
sions of the intraretinal hyper-reflective lesion, correspond-
ing to the neovascular structures penetrating the RPE and
causing the inflicted mechanical harm.

Along with the development of intraretinal fluid and RPE
disruption, when neovessels reach the RPE/sub-RPE, space
may frequently exudate beneath the RPE, determining the
formation of a new serous PED or a mixed PED by vascu-
larizing and exudating within an existing drusenoid PED.20

In our series, we showed that after the resolution or reduc-
tion of the fluid leakage, a number of serous PEDs collapse,
leading to atrophy of the RPE. This atrophy typically extends
beyond the dimensions of the hyper-reflective lesion within
the retina, which corresponds to the neovascular structure.
In this scenario, the size of the MA may either match or be
smaller than that of the serous PED.

Fibrosis is a severe complication that may arise in eyes
affected by neovascular AMD, often leading to unfavorable
long-term visual outcomes.25 Although the occurrence of
fibrosis is more frequent in other types of MNV (i.e., Type
2 MNV), it can also manifest in eyes with Type 3 MNV.35

In cases of Type 3 MNV, there is a tendency for atrophy to
develop over fibrosis, as the latter can impede the delivery
of oxygen and nutrients from the choroid to the RPE and
outer retina.36 Our analysis corroborated that fibrosis might
be accountable for MA in several cases of Type 3 MNV.

As mentioned above, MA developing in eyes with AMD
and Type 3 MNV may be also secondary to causes unrelated
to the neovascularization process itself. In dry AMD eyes,
the principal precursor lesions of RPE atrophy (i.e., named
GA in these eyes) are drusen and SDDs, which represent the
two distinct lesions of intermediate AMD.24,37 The latter two
lesions may cause RPE atrophy prior to the emergence of
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Type 3 MNV and, consequently, a number of regions of MA
may actually appear before the occurrence of Type 3 MNV,
similar to what we observed in our study. Alternatively, these
precursor lesions may progress over time independently of
the development of neovascularization and eventually lead
to RPE atrophy after the development of Type 3 MNV (i.e.,
referred to as MA in this context). The results of the present
study appear to support the hypothesis that MA can develop
because of the progression of these precursor lesions over
time. This suggests that the development of MA in cases of
Type 3 MNV might not be solely attributed to the presence of
neovascularization but could be influenced by the progres-
sion of these precursor lesions as well.

The complement system appears to be involved in the GA
pathogenesis and progression,38,39 and intravitreal therapies
with complement inhibitors have been recently approved by
the United States Food and Drug Administration for the treat-
ment of GA. Future studies may clarify whether these ther-
apeutic approaches might offer advantages in diminishing
the occurrence and advancement of MA linked to drusen
and SDDs in eyes with Type 3 MNV.

Our study has limitations that should be weighed when
interpreting our results. The main limitation of our study
was that our study cohort was not part of a large multi-
center trial, and included subjects did not undergo regular
follow-up visits with consistent intervals. Moreover, although
a number of regions of MA were graded to be secondary
to precursors unrelated to the neovascularization process
itself (i.e., drusen and SDDs), we are not able to exclude the
possibility that exudation processes might have triggered the
progression of these lesions into atrophy. Importantly, our
one-year follow-up from the baseline might have restricted
our ability to detect MAs associated with drusen and SDDs,
as these lesions may require more time to initiate atrophy.
Conversely, we believe that a substantial number of MAs
resulting from MNV and exudation tend to appear earlier
within the first year. Consequently, there is a possibility that
we have overestimated the number of MNV-associated MAs
while underestimating those associated with drusen and
SDDs. Finally, the spacing between B-scans in the proto-
col was approximately 240 μm, which could have limited
our assessment. Specifically, regions of the RPE atrophy
graded with sizes below 250 μm might have actually been
larger since their boundaries frequently extended across two
consecutive scans. Nevertheless, the study’s main purpose
was to distinguish various patterns contributing to MA in
Type 3 MNV. We used tracked OCT images, enabling us to
pursue this primary objective.

In summary, the present study confirmed that eyes with
Type 3 MNVmay be commonly complicated by macular atro-
phy. Importantly, we identified distinct pathways leading to
MA in these eyes. Precursors of MA included causes associ-
ated with the development and exudation of MNV, as well
as lesions unrelated to the neovascularization process itself.
Our findings appear to suggest that various disease mecha-
nisms might contribute to the formation and progression of
RPE atrophy in the context of Type 3 MNV.
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