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Purpose: To determine biomarkers ofmacular neovascularization (MNV) in neovascular
age-related macular degeneration through the application of an automatic algorithm
based optical coherence tomography angiography (OCTA) analysis.

Methods: In this retrospective, observational, single-center, cross-sectional study,
patients with a diagnosis of age-related macular degeneration complicated by type 1
MNV were included. MNV was detected with OCTA and scans were analyzed with a
qualitative and quantitative open-source image processing package. For each analyzed
image, we automatically acquired the following data: Total MNV area, vessel area, vessel
density (VD), total number of branches, total number of vascular junctions, mean vessel
length, mean vessel diameter, fractal dimension (FD), junction density, and vessel tortu-
osity.

Results: The followingmorphological parameters revealed a significant negative corre-
lation with best-corrected visual acuity: MNV area – Spearman ρ = −0.309 (P = 0.002);
vessel area – Spearman ρ = −0.315 (P = 0.002); total number of vascular junctions –
Spearman ρ =−0.285 (P= 0.005), and VL – Spearman ρ =−0.304 (P= 0.003). Immature
MNV lesionswere significantly associatedwithbetter vessel area thanmature andhyper-
mature lesions.

Conclusions: Several automatedMNV-associatedmorphological parameters can corre-
late with the best-corrected visual acuity. Further studies are warranted to determine if
these OCTA biomarkers can be applied to guide anti-vascular endothelial growth factor
therapy and predict response to treatment.

Translational Relevance: The analysis of MNV biomarkers may have prognostic value
in terms of visual function.

Introduction

Neovascular age-related macular degeneration
(NVAMD) is characterized by aberrant blood vessels
that proliferate from the choroid into the sub-retinal

pigment epithelium or outer retinal spaces.1 Macular
neovascularization (MNV) sequelae include subretinal
bleeding, fluid leakage and exudation, lipid deposition,
fibrosis, or a combination of these harmful compli-
cations that can impair vision and harm photore-
ceptors.2,3 Therefore, the accurate assessment of the
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morphology of MNV may play a crucial role in
monitoring disease progression and guiding treatment
decisions.

Although optical coherence tomography angiog-
raphy (OCTA) has proven to be a noninvasive
and practical tool for the diagnosis of MNV, its
efficacy to provide biomarkers of NV activity has
fallen short.4,5 Although various groups have corre-
lated OCTA features of MNV with NV activity,
the majority of these biomarker studies failed to
show an association. OCT remains the most impor-
tant tool to determine MNV activity and guide anti-
vascular endothelial growth factor (VEGF) treatment
decisions.6–9

In the setting of myopic choroidal neovasculariza-
tion, however, NVmembrane area and flow area repre-
sent reliable indicators of successful intravitreal anti-
VEGF therapy.10,11 The OCTA biomarkers referred
to as vascular connections and vascular branching
may be accurate OCTA biomarkers of response, effec-
tively guiding anti-VEGF therapy formyopic choroidal
neovascularization.12 Indeed, Li et al.13 created a
single imaging protocol combining OCTA and vascu-
lar branching analysis to assess NV activity associated
with myopic choroidal neovascularization.

In our study, we applied an upgraded version of
ImageJ to measure several MNV characteristics from
OCTA scans and correlated these biomarkers with
vision.

Methods

This was a retrospective, observational, single-
center, cross-sectional investigation including patients
with NVAMD. The study was carried out at the
Fondazione Policlinico Universitario Agostino
Gemelli, IRCCS, in Rome, Italy, and included patients
followed at this center from September 2021 to January
2023. The research was authorized by the Catholic
University of the Sacred Heart Ethical Committee
in Rome, Italy, and adhered to the principles of the
Declaration of Helsinki. All study patients provided
signed, informed consent.

All participants underwent comprehensive
ophthalmic examination, which included measure-
ment of the best-corrected visual acuity (BCVA)
according to the Early Treatment Diabetic Retinopa-
thy Study (ETDRS), slit-lamp biomicroscopy, dilated
funduscopic examination, spectral domain OCT, and
OCTA (Solix full-range OCT, Optovue Inc, Freemont,
CA). All examinations were performed on the same
date.

Inclusion criteria were patients older than 50 years
and the identification of subfoveal type 1 MNV owing
to NVAMD. MNV lesions were either treatment naïve
or previously treated with anti-VEGF therapy.

Exclusion criteria included types 2 and 3 MNV
and polypoidal choroidal vasculopathy, MNV with
predominant fibrotic scarring (well-demarcated
elevated mounds of yellowish white tissue),14 a history
of central serous chorioretinopathy, myopia greater
than 3 diopters, myopic CNVs, complete retinal
pigment epithelial and outer retinal atrophy, namely,
(1) a region of signal hypertransmission of at least
250 μm in diameter, (2) a zone of retinal pigment
epithelium attenuation or disruption of at least 250 μm
in diameter, (3) overlying photoreceptor degeneration,
and (4) all abovementioned signs in the absence of
retinal pigment epithelium tear, involving the fovea,
evidence of other retinal diseases or low-quality OCT
or OCTA scans (<7/10) owing to motion artifact, lens
opacity, or blinking.

OCTA Acquisition

The Solix full-range OCT (Optovue Inc), a new
ultra-high-speed spectral domain device with an acqui-
sition speed of 120,000 A-scans per second using
a split spectrum amplitude-decorrelation angiogra-
phy algorithm, was used to acquire OCT and OCTA
images.

A 6.4 × 6.4 mm OCTA scan was captured and
the outer retinal and the choriocapillaris segmentation
slabs were used to detect the presence of MNV. The
Solix AngioVue program (version 2019 V1.0.0.317;
Optovue, Inc.) custom feature was then used for MNV
manual segmentation,modifying the slab thickness and
axial location, to highlight the full extent of the type 1
NV membrane with the clearest border and the least
perilesional artifacts. Thus, the OCTA images were
extracted and subjected to qualitative and quantitative
analyses.

MNV Images Qualitative Assessment

Three expert ophthalmologists classified and
graded each MNV according to one of the follow-
ing categories, based on the OCTA morphology, as
previously reported15,16:

1) ImmatureMNV:MNVs characterized by a small
uniform capillary network or rosette-like lesions
with small capillaries.

2) Mature MNV: MNVs characterized by a large
dilated vascular network with definite vascular
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Figure 1. OCTA of immature, mature and hypermature MNV. OCTA showed immature MNV of few rosette with small, uniform capillaries
(A), a mature MNV with large dilated vessels in a sea fan pattern and perilesional dark halo (B), and a hypermature MNV, characterized by
long dilated filamentous straight vessels, with a “dead tree”aspect (C).

branching trunks typically organized in a sea fan
aspect.

3) Hypermature MNV: MNVs with long and
filamentous vessels, without intervening capil-
laries, anastomoses or vascular loops, with the
typical presence of a visible main trunk.

See Figure 1 for representative OCTA examples of
these three morphological grades.

MNV Images Quantitative Assessment

We used Fiji, an open source image processing
package based on ImageJ2 that includes many useful
plugins.17 ImageJ is a powerful Java-based image
processing program developed by the National Insti-
tutes of Health, specifically designed for image analysis
tasks in biological sciences, as described in the existing
literature.18,19 Fiji’s macro tool facilitates the automa-
tion of tasks and the addition of functionality to create
forms, reports, and controls.

We used the macro tool described by Deshpande et
al.,20 which is based on an algorithm originally devel-
oped byWang et al.,12 to analyze OCTA pictures. First,
we manually delineated the MNV using the built-in
free-hand tool and deleted the outside area. Second,
binarization was applied to all OCTA scans before
quantitative analysis and a Gaussian kernel was used
to denoise the MNV picture. The final binary OCTA
picture was then created using a combined technique
that included a Frangi Vesselness filter and local
adaptive thresholding. Last, the macro tool automat-
ically determined the total MNV area, the vessel area
(VA) and the vessel density (VD) from the resulting
image.

In a second passage, after applying the Mexican hat
filter to the previously adjusted images, the lesions were
skeletonized successively with automated main trunk
and branch recognition. The skeletonized image was
then analyzed to automatically determine the following
quantitative morphological biomarkers: total number
of branches and vascular junctions, mean vessel length,
mean vessel diameter, fractal dimension (FD), junction
density (JD) and vessel tortuosity (VT).

A flow diagram of the Fiji macro pipeline is
presented in Figure 2. The extracted morphological
features are consistent with previous reports in the liter-
ature11,12,20,21: We observed and analyzed 10 morpho-
logical biomarkers:

1. MNV area (mm2): The area of the NV lesion
as calculated according to the manually outlined
boundaries of theMNV, indicating the entire size
of the lesion.

2. VA (mm2): The area of the NV lesion as calcu-
lated by highlighting the actual tracing of the
vessels comprising the MNV (that appear white
on OCTA scans).

3. VD: A vascular biomarker defined as the ratio of
the area occupied by vessels (i.e., VA) to the entire
MNV lesion area.

4. MNV branches (n): A vascular biomarker calcu-
lated as the sum of all the vessel limbs on the
skeletonized images.

5. Vessel length (mm): A vascular biomarker calcu-
lated as the sum of Euclidean distances between
the pixels of all the vessels in the MNV lesion,
indicating the total NV length.

6. Vessel junctions (n): A vascular biomarker
defined as the number of points of vascular
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Figure 2. Image processing approach chart. Our algorithm uses manually cropped OCTA images for delineation and input. The next
pipeline follows a double pathway structure. In pathway 1 (upper way), we denoise the image, applying the Gaussian blur, the Frangi filter,
and local adaptive thresholding to measure area-related biomarkers including MNV area, VA, and VD. In pathway 2 (lower way), we apply
the Mexican Hat filter and Binary Skeletonization to measure vascular biomarkers like total MNV branches (TMB), vessel length (VL), total
number of vascular junctions, JD, fractal dimension (FD), and VT.

connection, indicating internal branching in the
MNV network.

7. Vessel diameter (μm2/μm): A vascular biomarker
calculated as the ratio between nonskeletonized
VA and skeletonized total vessel length, indicat-
ing the average vessel caliber of the MNV.

8. JD (n/mm): A vascular biomarker, defined as the
ratio between the number of junctions and the
total NV length. This refers to the anastomotic
activity in proportion to the total NV length and
reflects the activity of the MNV.

9. Fractal dimension: A numerical indicator of
vessel branching complexity, obtained from the
skeletonized binary image with the appliance
of the box-counting method. Higher fractal
dimension values indicate a more complex vessel
branching pattern.

10. VT: A morphological biomarker that quantifies
the microtortuosity of the MNV. It is calcu-
lated as the actual length of each branch divided
by the imaginary straight length between two
branch nodes.18 Smaller tortuosity values indicate
straighter vessels.

Statistical Analysis

Statistical analysis was conducted using GraphPad
PRISM Software, (Version 9.5; GraphPad, La Jolla,
CA). First, we performed a descriptive analysis of all
data. Our sample’s normality was determined using the
Shapiro-Wilk test, and a P value of greater than 0.05
was used to confirm the null hypothesis. In those cases

when our analysis violated these analysis of variance
preconditions, we applied the Kruskal–Wallis test. In
a post hoc analysis of the Kruskal–Wallis test, the
uncorrected Dunn’s test was performed for compar-
isons among subgroups, and P values were adjusted
using the Bonferroni comparison. In addition, corre-
lation studies were performed on continuous variables,
and a binary logistic regression analysis was performed
to assess the influence of OCTA biomarkers on visual
outcomes. The quantitative results were reported as
means and standard deviation, a P value of less than
0.05 was deemed statistically significant and the 95%
confidence interval of the mean was adopted.

Results

One hundred twenty-seven eyes of 104 patients were
included in this analysis. The mean age of the total
cohort was 76.0 ± 5.8 years and male/female and right
eye/left eye ratios were 45/59 and 66/61, respectively.
The mean reported BCVA at the time of OCTA scan
acquisition was 38.0 ± 27.9 letters (20/200). Twenty-
one out of 127 eyes (16.5%) were treatment naïve and
106 eyes (83.4%) received previously other IVI.

Algorithm Performance

We tested the macro on a dataset of 127 manually
cropped, expert-labeled OCTA images. We used the
macro tool proposed by Deshpande et al.20 to skele-
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Figure 3. Intermediate stages of OCTA image processing during different pipeline phase in a case of naïve MNV. (A) Input OCTA image
showing the active MNV lesion. (B) Manually delineated OCTA image. Upper pathway. (C) The Gaussian adjustment used for smoothing and
denoising. (D) The Frangi vesselness filter applied to calculate MNV area, VA, and VD. Lower Pathway. (E) Binary skeletonization of the OCTA
image using ImageJ. (F andG) The skeletonizationwas used to calculate the JD, vessel diameter (MVD), tortuosity (VT), and fractal dimension
(FD).

Figure 4. Intermediate stages of OCTA image processing analysis in a case ofmatureMNV. In the upper row, the image processing analysis,
step by step, shows the preprocessing stage (A, B), the Gaussian blur filter (C), and the Frangi Vesselness (D) applications, whereas in the
bottomrow the applicationof theMexicanhat filter (E), thebinary skeletonization (F) and the analysis of the skeleton image (G) are illustrated.

tonize the MNV image. After algorithm optimiza-
tion with the Sauvola method for local adaptive
thresholding (radius = 6) and successive white points
measurement, VA and VD parameters were correct
in all instances (100% rate). Finally, after refinement
of the skeletonized image macro pathway, we were
able to recognize the main trunk and correct vessel
junctions number in 112 of the 127 scans (88.1% of
cases).

The total runtime of the macro (excluding prepro-
cessing) was 404.8 seconds (6 minutes and 44 seconds),
with a mean of 3.2 ± 1.6 seconds per image. The
15 skeletonized images requiring manual reanalysis for
correct branch and junction measurements, took a
total of 555 seconds to be completed (37 seconds per
image, on average).

Figures 3 and 4 show the intermediate stages
of the algorithm pipeline in the analysis of a
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structurally simpler and a more complexMNV, respec-
tively.

Quantitative Results

Descriptive analysis of all OCTA biomarkers is
presented in Table 1. Parameters including the means
of MNV area (4.82 ± 4.81 mm2), VA (1.79 ± 1.73
mm2), total number of vascular junctions (135 ±
154), total number of branches (231 ± 257), and VL
(40.5 ± 42.2 mm) exhibited a large standard devia-
tion compared with their mean values, indicating a
large amount of variation across different scans. By
contrast, quantitative scores such as the means of FD
(1.37 ± 0.08), VT (1.18 ± 0.06), VD (0.39 ± 0.04), and
JD (3.19 ± 0.58 n/mm), showed low standard devia-
tions, indicating that results were much more clustered
around the central value. Finally, mean vessel diame-
ter scores showed intermediate distribution features
compared with the two aforementioned groups (46.9
± 8.5 μm). Ten macro-computed OCTA biomarkers
fell within the predicted value range obtained through
manual methods. Comparison between low and high
values of OCTA quantitative biomarkers is reported
in Figure 5.

Influence of OCTA Biomarkers on Visual
Acuity

Several clinical parameters significantly correlated
with visual acuity. The correlation analysis showed a
negative correlation of BCVA with MNV area (Spear-
man ρ = −0.309; P = 0.002), VA (Spearman ρ =
−0.315; P= 0.002), total number of vascular junctions
(Spearman ρ = −0.285;P= 0.005), andVL (Spearman
ρ = −0.304; P = 0.003). The other parameters did not
show a significant correlation with BCVA (Table 2).

Additionally, we split our sample into two groups
based on visual results: eyes with BCVA equal to or less
than 35 ETDRS letters (Snellen equivalent 20/200; n =
72 eyes [57%]), and eyes with more than 35 ETDRS
letters (n = 55 [43% of the cohort]). Binary logis-
tic regression analysis findings for OCTA biomarkers
associated with lower BCVA (≤35 letters) are summa-
rized in Table 3. In the univariate analysis, only MNV
area (odds ratio, 2.32) and total number of vascular
junctions (odds ratio, 1.64) were significantly associ-
ated with lower BCVA (P = 0.016 and P = 0.031,
respectively. FD showed a weak correlation with BCVA
(odds ratio, 1.25; P = 0.093) that was not statistically
significant (Fig. 6). VL (P = 0.211), VT (P = 0.152),
VD (P = 0.703), and JD (P = 0.871) failed to correlate
with BCVA. Ta
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Figure 5. Comparison between low and high OCTA quantitative biomarkers. The composite showed the comparison between small (A1)
and large (A2) MNV area, low (B1) and high (B2) total number of vascular junctions, low (C1) and high (C2) VD, low (D1) and high (D2) fractal
dimension (FD), low (E1) and high (E2) vessel length (VL), low (F1) and high (F2) JD, low (G1) and high (G2) mean vessel diameter (MVD), and
low (H1) and low (H2) VT.

Subgroup Analysis

Overall, the aforementioned three differentmorpho-
logical categories were distributed as follows: 11.8% of
MNV lesions (15 eyes) showed an immature morphol-
ogy, 17.3% of lesions (22 eyes) showed a mature
morphology, and 70.9% of lesions (90 eyes) showed
a hypermature morphology. In a post hoc analysis,
the Tukey test was performed to assess the intergroup
differences.

As illustrated in Figure 7, all structural parame-
ters followed similar trends among the three groups,
even if we did not report any statistically significant
difference, owing to intergroup population disparity.
When considering MNV area, VA, total number of
vascular junctions, and VL, group 3 (hypermature
morphology) showed higher values when compared
with group 2 (mature morphology), which showed
intermediate values, and group 1 (immature morphol-
ogy), showed the lowest values for these parameters.
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Table 2. Correlation Analysis Between OCTA Biomark-
ers and BCVA

Parameter Spearman Rho P Value

MNV area −0.309 0.002
VA −0.315 0.002
Vessel junctions −0.285 0.005
Branches −0.289 0.005
Average length −0.052 0.621
Vessel length −0.304 0.003
Fractal dimension −0.071 0.494
Tortuosity 0.154 0.137
VD 0.023 0.827
JD 0.034 0.746
Vessel diameter 0.019 0.856

The correlation analysis showed a negative correlation
between BCVA andMNV area, VA, vessel junctions, and vessel
length. Other parameters did not show a significant correla-
tion with BCVA.

Table3. AssociationBetweenQuantitative Biomarkers
and Low Visual Acuity

Predictor P Value OR
95% Confidence

Interval

MNV area 0.016 2.3208 1.252–4.810
Vessel junctions 0.031 1.6376 1.303–1.973
Vessel length 0.211 0.7562 0.609–0.939
Fractal dimension 0.093 1.2510 1.015–1.404
Tortuosity 0.152 0.7749 0.544–0.989
VD 0.703 0.6612 0.358–1.003
JD 0.871 1.1052 0.330–3.703

OR, odds ratio.
Quantitative OCTA biomarkers associated with BCVA <35

ETDRS letters (Snellen equivalent 20/200) using Binary Logis-
tic Regression Analysis.

Hosmer-Lemeshow test; test χ2 = 3.305, P = 0.509

Figure 6. Linear regression correlating BCVA and MNV area and fractal dimension (FD). Simple linear regression graphs correlating BCVA
with (A) MNV area and (B) FD, highlighting significant negative correlation for MNV area (slope −1.624; R2 = 0.088; P = 0.002), while no
significant correlation with fractal dimension (slope −42.36, R2 = 0.016; P = 0.20).

Figure 7. Subgroup analysis of structural MNV features. Line graphs show subgroup analysis of structural MNV features, such as MNV area,
VA, and total number of vascular junctions and vessel length (VL), basedonmorphological aspect of theMNV: (1) immature group; (2)mature
group; and (3) hypermature group.



Morphometric Evaluation of Type 1 MNV TVST | February 2025 | Vol. 14 | No. 2 | Article 23 | 9

Figure 8. Subgroup analysis ofmathematically derivedMNV features. Line graphs show subgroup analysis ofmathematically derivedMNV
features, including fractal dimension, tortuosity, VD and JD, based on morphological aspect of the MNV: (1) immature group; (2) mature
group; and (3) hypermature group.

Figure 9. Ranks comparison analysis between BCVA and MNV
morphology. The bar graph shows the mean BCVA difference
between each morphological MNV subgroup (immature, mature,
and hypermature MNV).

Referring to derived biomarkers (Fig. 8), FD
showed similar trends, with the hypermature group
illustrating higher values, whereas VD was higher in
immature group and lower in the hypermature group.

Immature lesions were significantly associated with
better visual acuity than mature and hypermature
lesions. From the Kruskal-Wallis test, a mean differ-
ence of 21.9 letters (P = 0.0338) was noted between
immature (mean BCVA 52.9 ± 28.9 [Snellen: 20/100])
and mature MNV (mean BCVA 30.7 ± 27.1 [Snellen:

20/250]). Comparing immature (mean BCVA 52.9 ±
28.9 [Snellen: 20/100]) and hypermature lesions (mean
BCVA 36.2 ± 26.9 [Snellen: 20/200]), a mean differ-
ence 16.7 letters (P = 0.0460) was noted. Comparing
mature (mean BCVA 30.7± 27.1 [Snellen: 20/250]) and
hypermatureMNVs (mean BCVA 36.2± 26.9 [Snellen:
20/200]), we found a mean difference of −5.2 letters (P
= 0.4932). All data are summarized in Figure 9.

Discussion

OCTA enables a noninvasive detection and quanti-
tative assessment of MNV and a detailed analysis of
MNVmorphological features. Although this capability
has obvious diagnostic importance, especially because
OCTA acquisition is fast and noninvasive, unlike dye-
based angiography, the application of OCTAmorpho-
logical biomarkers to gaugeNV activity and guide anti-
VEGF therapy is not yet a reliable practice.

The ImageJ macro tool developed in the current
study applies a branching pipeline structure and
improves the technique advanced by Wang et al.12
by skeletonizing images using the Mexican Hat filter.
Indeed, our system automatically calculated nine
different biomarkers from OCTA image scans of
MNV, including MNV area, total number of vascular
junctions, VD, and FD.12

Our study demonstrated a negative correlation
between MNV area and BCVA, which may be
attributed to multiple factors associated with mature
and hypermature lesions, including the longer duration
of activity and the greater number of anti-VEGF injec-
tions associated with treatment of these lesions.

A negative correlation with BCVA was also
observed for VA, total number of vascular junctions,
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and VL, although only MNV area and vessel junction
were associated with lower visual acuity (<35 letters)
based on the binary logistic regression. As mentioned
elsewhere in this article, all these parameters may be
related to the longer course of disease associated with
mature and hypermature MNV. Hypermature lesions,
moreover, are typically characterized by greater outer
retinal disorganization, fibrosis and atrophy, and
lower visual acuity.22 As expected, smaller lesions
with immature morphological OCTA characteris-
tics were associated with better BCVA, probably
because the MNV is earlier in its growth course and
less aggressive. Of note, JD cannot be considered
as a consistent unique parameter, considering that a
greater number of junctions can be seen in mature
or hypermature MNVs, whereas more immature
MNVs may show a remarkable lower number of
junctions.

Our study is not the first investigation to use a
semiautomatic analysis of MNV. Arrigo et al.23–25
analyzed AMD-related MNV using binarization and
skeletonization ImageJ filters and observed greater
tortuosity in the vascular network in cases of active
MNV associated with lower visual acuity outcomes.
Further, MNV with lower VT at baseline was corre-
lated with greater exudative activity but better visual
outcome after intravitreal injections.23–25 In another
study however, MNV with higher VT was associated
with less exudative activity and greater rates of atrophy
and visual impairment.26,27 In our analysis, we did not
find a statistically significant correlation between VT
and visual acuity or between VT and MNV morphol-
ogy.

In a previous study, Coscas et al.28 evaluated the
blood flow area of active and fibrotic MNV, and the
complexity and nonuniformity of the lesion through
FDand lacunarity indexes, respectively. FD is a param-
eter describing the complexity of the vascular architec-
ture and is expressed as a numerical value, which ranges
between 0 and 2, derived from the number of the pixels
representing the MNV.22

The Coscas group found a significant variability in
lesion size that correlatedwith the activity of theMNV:
Exudative lesions showed lower FD and lower median
area than MNV in remission. Although no differences
between active and fibrotic MNV were detected using
lacunarity in the Coscas study, because of a lower
branching complexity compared with inactive lesions,
the FD showed lower values in eyes with active MNV.
Accordingly, in our study we observed higher values of
FD and MNV area in hypermature MNVs, although
with no statistically significant difference between the
three morphological subgroups, likely owing to the
intergroup sample disparity.

A quantitative analysis of MNV using the ImageJ
software was also performed by Al-Sheikh et al.9 In
contrast with our results as well as with those of
Coscas et al., they did not detect any difference in
MNV area in eyes with active lesions, that is, those
under anti-VEGF treatment, vs. quiescent ones. Signif-
icantly lower FDs were instead detected in the quies-
cent group, supporting the already proposed hypoth-
esis that hypermature MNV may be characterized by
limited branching, straighter and longer vessels, and
thus a less complex overall structure.9,29 Faatz et al.,22
who analyzed the NV changes in AMD eyes that had
undergone anti-VEGF therapy, reported a significant
decrease in the FD after the loading dose. The decrease
in MNV complexity after the injections was associated
with amarked decrease in vessel length. Indeed, periph-
eral capillaries are more susceptible to the effects of
anti-VEGF drugs.22,30,31 The greater variability in VL
that we observed in our sample probably derived from
the inclusion of MNV at different stages of disease.

Our results are aligned generally with those found
in the previous literature, with some variability proba-
bly attributable to dataset differences.11,12,32 We found
that greater MNV area and complexity correlated with
poorer visual acuity and that hypermature and mature
lesions displayed the greatest area and complexity and
immature lesions the least. This analysis only correlated
OCTA morphological parameters with visual acuity
outcomes and not with NV activity.

Our study has several limitations. One of the
most important limitations is the inclusion of mainly
advanced and treated MNV (mean of 18.4 previous
anti-VEGFs injections). The other limitation was the
inclusion of only type 1 MNV, the most common NV
subtype. Furthermore, we did not perform a longi-
tudinal study. Our study is cross-sectional. Addition-
ally, we did not assess whether different anti-VEGF
agents can be associated with a varying morphology
of MNV, potentially leading to variations in morpho-
logical parameters. Because only one OCTA device was
used to identify MNV, it is possible that outcomes may
vary and influence the automated analysis according to
the system used. However, the uniformity of the data
acquisition can also be considered a strength of the
study.Given the lower visual acuity of the recruitedNV
age-related macular degeneration patients in this study,
imaging artifacts such as motion artifact can repre-
sent a significant challenge in the OCTA extraction and
quantitative process.33 However, we only included in
our study those images with a quality index of greater
than 7 out of 10 to decrease this risk. Last, artificial
intelligence, which was not applied in our study, could
provide more uniform outcomes. Further research is
necessary to apply our algorithm to a larger cohort
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of naïve lesions vs. those receiving anti-VEGF treat-
ment and vs. those with inactive MNV, with the expec-
tation that naïve lesions may be associated with a
greater proportion of immature lesions providingmore
variability to the total cohort and potentially more
valuable information.

Our findings represent a new step forward for
the automated analysis of MNV associated with
AMD, providing useful and practical tools for further
research. OCTA analysis of MNV structure may
predict visual acuity. The greater the MNV area and
internal complexity, the lower the BCVA. Immature
MNV correlated with better BCVA, whereas mature
and hypermature lesions correlated with poorer visual
acuity. Further studies are necessary to determine if
classification of the morphology of MNV according
to OCTA grading can predict visual acuity outcomes
and activity of NV lesions and even guide anti-VEGF
treatment.
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