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OBJECTIVES: We sought to identify the consecutive changes and predictive features for exudation recurrence in macular

neovascularization (MNV) using optical coherence tomography angiography (OCTA) in type 1 neovascular age-related macular
degeneration (NVAMD).

METHODS: A total of 291 OCTA images in consecutive visit of 45 patients newly diagnosed with type 1 NMV and treated with three
loading intravitreal anti-vascular endothelial growth factor injections (IVIs) and a pro-re-nata (PRN) therapy regimen were analysed.
Quantitative features of OCTA included the MNV area, MNV length, total number of endpoints (open-ended vessels) and junctions
(internal branching) using AngioTool. Two subgroups were divided according to exudation recurrence time from the third VI
(group 1: <3 months vs. group 2: >3 months).

RESULTS: The area, length, number of total junctions, and endpoints decreased during three loading IVIs and increased at
exudation recurrence (all p < 0.05). In a subgroup analysis of consecutive OCTA images, the number of total endpoints increased at
two months prior to exudate recurrence in group 2 (the late recurrence group, p = 0.020). A higher total number of endpoints of
MNV at baseline were found to be related with group 1 (early recurrence, p =0.020 and 0.012 in univariate and multivariate
regression analyses).

CONCLUSIONS: The MNV with higher open-ended vessels at the lesion periphery at baseline might be expected to show earlier
recurrence of exudation after loading IVIs. By observing the number of open-ended vessels in consecutive OCTA images, exudation
recurrence could be predicted.

Eye (2023) 37:34-41; https://doi.org/10.1038/s41433-021-01879-2

INTRODUCTION
Anti-vascular endothelial growth factor (anti-VEGF) treatments
have improved the prognosis of patients with neovascular (NV)
age-related macular degeneration (NVAMD), a leading cause of
blindness among elderly patients [1]. Although the efficacy of anti-
VEGF treatments such as ranibizumab and aflibercept has been
demonstrated through randomized clinical trials based on regular,
fixed-dose protocols [2, 3], various treatment regimens have been
used clinically, including pro-re-nata (PRN), treat and extend (T&E),
and treat-extend-stop, to reduce treatment burden [4, 5].
However, a recent real-world prospective study by LUMINOUS
that included a large patient population from 42 countries
reported that there were variable diagnosis to treatment times
(1-49 days) and a variable number of injections performed in one
year (2.7-8.7 injections) due to the diversity of medical environ-
ments in each country [6]. Considering the real-world clinics, there
is a need to predict frequent recurrence in such patients to

facilitate the determination of appropriate treatment intervals and
to identify preceding changes in multimodal images prior to
exudation recurrence.

Recent advances in optical coherence tomography angiography
(OCTA), a novel and noninvasive imaging technique for macular
neovascularization (MNV), have suggested the possibility of using
OCTA to guide treatment [7-9]. In previous studies, MNV with
exudation was reported to decrease in terms of the area, segment
length, and fractal dimensions after anti-VEGF treatment, while these
same metrics were increased when exudation recurred [10-12].
However, little is known about the characteristics of MNV that
predict frequent exudation recurrence and few reports on the time-
course of changes in MNV in consecutive patients exist.

The primary purpose of this study was to investigate whether
there are quantitative characteristics in treatment-naive type 1
MNV related to early exudation recurrence after three loading IVis.
Further, we assessed quantitative changes in type 1 MNV in
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treatment-naive NVAMD patients during IVIs and the recurrence of
exudation to discern in which order the sequential relationship of
changes among features occurred. By doing so, the OCTA changes
in MNV that preceded exudation on structural OCT images can be
specified and, thus, identified earlier on.

MATERIALS AND METHODS

This retrospective cohort study reviewed medical records and 291 OCTA
images from consecutive visit of 45 patients with NVAMD who visited the
Korea University Guro Hospital between February 2018 and July 2021. The
institutional review board of Korea University Medical Centre approved this
study and all research processes were conducted in accordance with the
tenets of the Declaration of Helsinki. The institutional review board of
Korea University Medical Centre waived the need to collect written
informed consent from the participants because of the study’s retro-
spective design.

Patient selection

Among patients older than 50 years who were diagnosed with subfoveal
type 1 NVAMD by multimodal imaging (fluorescein angiography [FA],
indocyanine green angiography [ICGA], and structural OCT), treated with
intravitreal aflibercept (Eylea; Regeneron Pharmaceuticals, Tarrytown, NY,
USA) injections, and who exhibited complete drying on structural OCT
images after three loading injections were included. Patients who were
followed for one year after their third IVI were included. Patients with type
2 or 3 NV or polypoidal choroidal vasculopathy, large pigment epithelial
detachment (PED) resulting in severe OCTA segmentation error, any
concurrent vascular obstructive retinal disease, or a history of any
treatment for NVAMD were excluded. Patients with history of central
serous chorioretinopathy, trauma, medication usage related with retinal
pigment epithelium (RPE) disruption, or moderate to high myopia (> —3.00
dioptres of spherical equivalent) also were excluded.

Visit and OCTA image examination
The patient treatment and visit protocols adopted in our practice are
presented in eFig. 1. All patients received three monthly loading IVIs and
visited the clinic within one month after each injection. We defined the
OCTA of the visits as T1, T2, and T3, respectively. At baseline (treatment
naive) and T3, FA and ICGA were performed and the area of type T MNV as
a plaque-like staining lesion on venous intermediate phase ICGA (5-7
minutes) [13] was manually measured (eFig. 2) using the software (HEYEX;
Heidelberg Engineering, Heidelberg, Germany). When dry-up on structural
OCT images was confirmed at T3 (one month after the third IVl was
performed), patients were followed for every two months (+ 1 week) and
an additional IVI was performed if exudation in structural OCT presented
according to the PRN protocol [5]. Best corrected visual acuity (BCVA), slit-
lamp examination, and dilated funduscopic examination were performed,
and spectral-domain OCT and OCTA images were obtained at each visit.
OCTA imaging at the recurrence of exudation after the third loading
injection was defined as R (recurrence) and that at one month after the
fourth IVI was defined as T4. Among the patients who received treatment
according to this visit protocol, only one eye from each patient and those
who followed the visit protocol until T4 were included in the analysis.
Subgroup analysis was conducted by stratifying the patients wherein the
timing of exudation recurrence on structural OCT images within two
months from T3 as group 1 (right after T3, early recurrence) and that where
it was within more than two months as group 2 (late recurrence). We
defined the OCTA image two month before exudation recurrence as P
(preceding exudation) among patients in group 2. Data including the
Logarithm of the Minimum Angle of Resolution (logMAR) BCVA and
additional number of IVIs received in one year after the three loading
injections were evaluated in patients who were followed up with for a
longer period.

OCTA image acquisition

OCTA images were obtained using the Spectralis OCT2 spectral-domain
OCT device (Heidelberg Engineering, Heidelberg, Germany), which can
acquire 43 x 4.3 mm (15°x 15°) angiography scans, with a wavelength of
870 nm, lateral resolution of 11.4 um/pixels, and axial resolution of 3.87
pm/pixels. OCTA images with artifacts such as shadows, double vessel
patterns, or horizontal movement lines were excluded from the study
analysis [14]. Automatic segmentation was performed using the software
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(HEYEX; Heidelberg Engineering, Heidelberg, Germany) and the en-face (C-
scan) images of MNV were defined from the external limiting membrane to
the line of Bruch’s membrane [15]. In fusion images of structural OCT and
the corresponding blood flow signal (structural OCT + OCTA), visual
correlation of structural and flow signal was established. Manual
segmentation defining upper and lower boundaries of the MNV was
performed if needed. We confirmed that there was no blood flow signal
from the lower margin of the outer plexiform layer to above the RPE layer
in the structural OCT 4+ OCTA images to ensure that type 2 and 3 NV were
not included. MNV en-face images were cropped using the open-source
GNU Image Manipulation Program (GIMP) (version 2.8.14) to manually
segment the MNV and eliminate surrounding signals.

Quantitative image analysis

All MNV slabs from OCTA en-face images were assigned unique numbers and
testers (MC and SWK) were blinded to information about the study
participants. To assess quantitative changes that occurred during the treatment
process, AngioTool was used to analyse the MNV images as described in our
previous study, with the following threshold parameters: 30 and 255, vessel
thickness: 5, and removal of small particles: 80 [7]. AngioTool can identify
vascular configurations based on user-defined parameters such as vessel
diameter and intensity and does not involve a binarization process. AngioTool
semi-automatically delineates and skeletonizes the vascular structure [16-18]
and can obtain the following metrics: (1) vessel area; (2) total length of the
vessel, defined as the sum of Euclidean distances between the pixels of all
vessels; (3) total number of junctions, referring to the internal branching points
of vessels; and (4) total number of endpoints, defined as the total number of
open-ended segments (including the end of the mature vessel and the end of
the sprouting new vessel) in a vessel. The junction density and endpoint
density were calculated using the number of junctions and endpoints,
respectively, divided by the total length of the vessel (n/mm) [19].

Statistical analyses

Data are shown as mean + standard deviation (SD). The Statistical Package
for the Social Sciences version 22 software program (IBM Corp., Armonk,
NY, USA) and Prism 7 (GraphPad Software Inc., San Diego, CA, USA) was
used for statistical and graphical analyses. Nonparametric analysis was
selected after confirming that the quantitative metrics in this study did not
follow a Gaussian distribution. Quantitative metrics of MNV at the baseline
and T3 were compared between the two subgroups by a Mann-Whitney
test and included in a binary logistic regression to identify risk factors
related to early recurrence. A one-way repeated measures ANOVA (RM-
ANOVA) with Greenhouse-Geisser correction and Tukey's multiple
comparison test was used for the evaluation of changes in quantitative
metrics according to the time course of treatment. P-values of less than
0.05 were considered to be statistically significant.

RESULTS

A total of 45 eyes of 45 patients (31 men and 14 women) were
finally included in the study, with a mean age of 70.83 £9.97
(range: 50-88) years. The logMAR BCVA values were 0.456 + 0.287
at baseline, 0.322 £ 0.279 at T3, and 0.317 £ 0.288 at one year after
the third IVI (both p <0.001 vs. baseline, RM-ANOVA). The mean
time from T3 to R was 4.73 £ 3.61 months and the mean number
of total IVIs performed from baseline to one year after the third IVI
was 5.82 + 1.39 injections (including the three loading injections).

Group comparison

Details of the comparison of patient demographics between the
two groups are presented in eTable 1. Twenty-four and 21 patients
were included in groups 1 and 2, respectively. There were no
significant differences in terms of age, sex, or laterality. A
comparison of the logMAR BCVA values between the two groups
revealed no difference at baseline, T3, or one year after the third
IVI. The mean time from T3 to R was 2.70 £ 0.69 months in group 1
and 6.97 + 4.19 months in group 2. Quantitative OCTA metrics at
baseline and T3 of the two groups are shown in Table 1. Patients
in group 1 were characterized by a higher number of endpoints
(p=0.015) and greater endpoint density (p=0.035) in MNV
compared with group 2 at baseline. After the three loading

SPRINGER NATURE

35



M. Choi et al.

36

Table 1.
Group 1 (N=24) Group 2 (N=21)
mean (SD) mean (SD)
Baseline
MNV area (mm?) 1.59 (1.07) 1.07 (0.57)
Total MNV length (mm) 30.45 (20.78) 18.95 (10.70)
Total junction number 110.86 (90.39) 67.56 (39.89)
Total endpoint number 115.90 (60.25) 60.25 (37.17)
Junction density (n/mm) 3.46 (0.95) 3.57 (0.72)
Endpoint density (n/mm) 4.13 (1.28) 3.25 (0.80)
T3
MNV area (mm?) 1.36 (1.00) 0.74 (0.46)
Total MNV length (mm) 24.45 (19.18) 13.30 (8.84)
Total junction number 79.00 (43.89) 43.89 (31.71)
Total endpoint number 87.71 (77.66) 51.53 (41.62)
Junction density (n/mm) 3.22 (0.63) 3.24 (0.83)
Endpoint density (n/mm) 3.61 (1.04) 3.88 (1.42)

Quantitative variables of NV associated with the early recurrence using binary logistic regression analysis.

p value

Group comparison* Univariatet Multivariate}
0.130 0.062 0.099
0.115 0.058 0.115
0.267 0.086 0.149
0.015 0.020 0.012%*
0.649 0.714 NA
0.035 0.031 0.044
0.014 0.021 0.351
0.014 0.027 0.115
0.042 0.036 0.149
0.024 0.040 0.924
0.732 0.929 NA
0.826 0.474 NA

SD standard deviation, MNV macular neovascularization, T3 1 month after third intravitreal anti-VEGF injection.

*Mann-Whitney test.

tBinary logistic regression to identify risk factors related to early recurrence (group 1).
$The variables that had an association in the univariate logistic regression analysis (p < 0.2) were included in the multivariate analysis using the forward
conditional method to establish a proper multivariate model. Multivariate model summary; Hosmer and Lemeshow test; chi-squared test = 10.593, p = 0.157,

—2log likelihood = 35.474.
"Exp(B) = 1.023, 95% Cl: 1.005-1.042; p = 0.012.

injections, group 1 showed larger area (p=0.014) and longer
length (p = 0.014) of MNV and a greater number of junctions (p =
0.042) and endpoints (p = 0.024), but both the density of junctions
and endpoints did not vary between the two groups (p =0.732
and p = 0.826). Figure 1 shows examples of time-course changes
of eyes in each group and images analysed by AngioTool (version
0.6a; National Cancer Institute, Centre for Cancer Research,
Bethesda, MD, USA).

Risk factors for early recurrence

Univariate binary logistic regression results are presented in
Table 1. Total number of endpoints and endpoint density at
baseline were significantly correlated with group 1 status (p=
0.020 and 0.031); MNV area, length, and total number of junction
and endpoints points at T3 were also significantly correlated with
group 1 status (p=0.021, 0.027, 0.036 and 0.040). Meanwhile,
multivariate analyses revealed that the total endpoint number
[Exp(B) = 1.023, 95% confidence interval (Cl): 1.005-1.042; p =
0.012] at baseline was only significantly related to group 1 status.
The ROC curve for the total endpoint number at baseline to
predict early recurrence is shown in eFigure 2. The area under the
curve was 0.725 (p =0.017, 95% Cl: 0.561-0.888).

Change in qualitative MNV metrics in OCTA during IVI
treatment

Mean MNV area measured on ICGA was 3.77+335mm at
baseline and 3.12+3.35mm at T3. Mean MNV area measured
on OCTA by AngioTool was 1.54 + 0.92 mm at baseline and 1.28 +
0.87 mm at T3. Pearson’s correlation test showed a close relation-
ship between the two measurements (correlation coefficient [CC]
=0.791 and p<0.001 before treatment, CC=0.617, p <0.001
at T3).

The time-course changes of MNV metrics in OCTA are presented
in Fig. 2 and eTable 2. Area, length, total junctions, and total
endpoints of MNV were significantly decreased from baseline to
T2. At T3, area and length results showed no difference from those
at T2. In the recurrence stage (R), area, length, total endpoints and
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junction of MNV were significantly increased compared to at T3
(p =0.004, 0.005, < 0.001, 0.03) and showed no significant
difference from baseline (p = 0.67, 0.49, 0.68 and 0.99).

Changes in MNV preceding exudation in each group
Quantitative changes of MNV in each group are presented in Fig. 3
and eTable 2. Unlike in the total study cohort, changes in the area
and length in MNV at R were observed only in group 2. In group 1,
the total endpoint number increased significantly at R (101.70 £
56.52) as compared with at T3 (80.14 £ 56.70; p = 0.005). Mean-
while, the MNV area, length, and junction number at R were
increased relative to at T3 but not to a statistically significant
degree. In group 2, the number of total endpoints was
significantly higher at P (68.00 £ 51.18) than at T3 (49.71 + 38.49;
p =0.01), while there was no difference observed between at P
and R (75.00 £ 56.37; p =0.695). Meanwhile, the MNV area and
length did not change at P (0.89+0.57 mm? and 14.78 + 11.25
mm) as compared with at T3 (0.78 + 043 mm? and 12.91 +7.63
mm) but did exhibit significant increases at R (1.15 +0.58 mm?
and 19.54 +11.77 mm; p = 0.024 and p = 0.049, respectively). The
time-course changes in MNV seen in group 2 suggested that the
endpoint number of MNV increased before exudation recurrence,
followed by an increase in MNV size and length at exudation
recurrence. Figure 4 shows examples of the time-course changes
of eyes in group 2.

DISCUSSION

We investigated multiple quantitative metrics used in previous
studies obtained from OCTA and focused on predictive features
related to early recurrence after loading IVIs and preceding
changes prior to exudation recurrence during the PRN protocol
follow-up. Anti-VEGF prunes back the peripheral pericyte uncov-
ered vessels in MNV lesions, leading to reductions in size, length,
and the number of peripheral open-ended vessels (endpoints)
[20]. Pilotto et al. reported that type 1 MNV showed significant
reduction in area at 48 hours after IVI and larger MNV vessels

Eye (2023) 37:34-41
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Changes in MNV in OCTA during the treatment course. A, B Upper row: En-face OCTA image of the NV slab with OCT + OCTA images

(horizontal image at fovea) and structural OCT images (vertical image at fovea). On OCT + OCTA images, yellow dots show flow signal and red
dotted lines represent the segmentation line for the MNV slab (external limiting membrane and Bruch’s membrane). Lower row: the images
obtained from AngioTool analysis. A skeletonized vessel (red line), junction point (blue dot), vessel area (outer yellow along the vessels), and
endpoint (point of the open-ended vessel) can be seen. A The changes in MNV in OCTA during the treatment course of a patient diagnosed
with type 1 NVAMD who was included in group 1 (early recurrence). Tiny branching capillaries (white arrowhead) with perilesional halo
(yellow dashed line) were found at baseline. (T3) After three loading injections, peripheral branching capillaries had significantly regressed
and the size and length of MNV showed remarkable reductions. (R) Significant increases in peripheral sprouting vessels (white arrowhead) and
the size of MNV at two months after T3 with focal subretinal fluid on structural OCT are visible. (T4) After the fourth IVI, peripheral tiny
branching and the size of MNV showed partial regression as compared with at R. B A patient included in group 2. (T3) Tiny branching
capillaries at baseline were dramatically regressed after three loading injections. The size and length of MNV showed remarkable reductions.
(P) Peripheral sprouting vessels (white arrowhead) appeared at two months after T3, with slight enlargement of PED size but without
exudative changes. (R) Significant increases in the size and length of MNV appeared with exudation recurrence. (T4) After the fourth IVI,
peripheral tiny branches showed partial regression, but the size of MNV was not diminished relative to at R. The open-source GNU Image

Manipulation Program (GIMP) (version 2.8.14, https://www.gimp.org/) was used.

showed less reduction than fine MNV vessels [12]. Studies on
OCTA assessment of MNV after IVl reported that type 1 MNV
showed a relatively small reduction in area as compared with
those with type 2 after IVl and the MNV area reduction after IVI
was significant in treatment-naive patients but not in treated
patients for one year with the PRN protocol [11, 21]. In our study,
MNV features of patients with treatment-naive continuously
exhibited decreases in size, length, and numbers of endpoints
and junction points during the first three loading IVIs, which
increased again at exudation recurrence.

Previously, there have been a number of attempts to identify
MNV characteristics related to exudative activity [8, 9, 22, 23] and
many researchers have also tried to distinguish features of “active”
and “quiescent” MNV [24-26]. In this study, we aimed to
investigate the characteristics of treatment-naive MNV in the
active state, which showed early exudation recurrence after

Eye (2023) 37:34-41

loading IVIs. Logistic regression suggested that the greater the
total number of endpoints at baseline, the earlier the recurrence of
exudation after loading IVIs [Exp(B) = 1.023, 95% CI: 1.005-1.042;
p=0.012]. The endpoints include open-ended points of mature
and new sprouting vessels and represent sprouting activity of NV
peripheral lesions and lesion complexity. This could possibly be
used as a predictive marker for early recurrence after IVI.

During consecutive analysis, the total endpoint number also
showed the most notable growth at exudation recurrence among
all metrics. Interestingly, during subgroup analysis, at about three
months after the third loading injection (“R” in the early
recurrence group and “P” in the late recurrence group, respec-
tively), the total number of endpoints in OCTA increased in both
the early and late recurrence groups, suggesting the occurrence of
significant MNV alterations preceding exudation in the latter
group. Meanwhile, a significant increase in the total length and
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points.

area of MNV at exudation recurrence followed an increase in the
total number of endpoints at two months before exudation
recurrence (R).

In NVAMD eyes treated with an anti-VEGF therapeutic, rebound
of unbound VEGF causes destabilization of the vessels and
loosening of interendothelial cells through which endothelial cells
emigrate and angiogenesis occur. The tip cells sprouting from the
periphery of vessels are mainly stimulated by VEGF, with
subsequent proliferation to the stalk cells [27]. These tiny
peripheral sprouting vessels grow into immature capillaries that
may be correlated with the exudative activity of MNV [20]. The
stalk cells are then rearranged through migration and elongation,
forming matured vessels covered with pericyte and smooth
muscle cells [28]. The high degree of flow stress in the vascular
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lumen promotes structural remodelling together with vessel wall
expansion, which is known as arteriogenesis [29, 30]. The
histological sequence of MNV growth might support the sugges-
tion that an increase in peripheral open-ended vessels, represent-
ing sprouting activity, may be useful as a predictive biomarker for
exudation recurrence.

Still, a consensus regarding ways of predicting exudation on
OCT images by assessing NMV morphology in OCTA has not been
achieved so far. Many researchers have indicated peripheral fine
vessels, peripheral arcade, loops, and perilesional halo to be
predictive factors, but Von der Emde et al. [17]. contended that
patients with quiescent MNV who had never before been treated
nor experienced exudation showed small-calibre vessels (100%)
and peripheral arcade (100%); further, the median vessel length
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Baseline

5 months after 4th IVI

OCT+OCTA

was much longer in patients with quiescent MNV (75.1 mm) than
in those with active MNV (26.7 mm). In consecutive observations
of MNV in the present study, we observed a definite increase in
the MNV metrics of size, length, and number of endpoints at the
point of exudation recurrence when compared with at T3. Given
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7 monhths after 4th1VI

OCT+OCTA

these results, we think that our study enhances awareness
regarding the use of OCTA during observations of serial changes
in MNV, which is preferable over simply performing morphological
assessments at a single time point to predict exudative changes.
In particular, the increase in the number of endpoints that
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Fig. 4 A case of the time-course changes in group 2. En-face OCTA with OCT + OCTA images (horizontal image at fovea) and structural OCT
images (vertical image at fovea) during the treatment course of a patient diagnosed with type 1 NVAMD included in group 2 (late recurrence).
On OCT + OCTA images, yellow dots show flow signal and red dotted lines represent the segmentation line for the MNV slab (external limiting
membrane and Bruch’s membrane). (Baseline) In the baseline state, the lacy wheel appearance of type 1 MNV was confirmed and, after three
loading IVIs, (T3) the NV was much regressed to an indistinct appearance. (P) At the visit two months after T3, exudation was not observed on
structural OCT, while the MNV size was slightly increased and peripheral vessel growth was suspected (white arrowhead) on OCTA. (R) After
two months without additional IVIs, intraretinal fluid was recurred and the peripheral branching vessels were markedly increased.
Enhancement of the NV area was also observed due to vessel growth at the periphery of vessels. (Bottom row, left) Changes in OCTA during
long-term follow-up (not included in the quantitative analysis of this study) of this patient showed the shape of a filamentous vessel with loop
but without exudation at five months after the fourth IVI. (Bottom row, right) After two months, the peripheral sprouting vessel was observed
again and exudation had also recurred. The open-source GNU Image Manipulation Program (GIMP) (version 2.8.14, https://www.gimp.org/)

was used.

suggested precedence changes prior to exudation is considered
to be a predictive biomarker of exudation recurrence and could be
useful in treatment decision-making.

The PRN regimen with aflibercept showed somewhat poor
visual acuity results as compared with monthly dosing in NVAMD
[5]. Augsburger et al. reported that, in a retrospective analysis of
1,332 eyes, the ranibizumab and aflibercept T&E group experi-
enced greater improvement in vision and more stable visual
acuity during the maintenance period relative to those patients in
the ranibizumab PRN treatment group [31]. Veritti et al., also
reported inferior visual acuity in PRN arm than fixed regimen at
month 8 and 12 during treatment using the aflibercept [32].
Although our study does not compare treatment protocols,
patients with the PRN regimen showed a preceding change on
OCTA before exudation, which suggests the need for proactive
treatment.

There are several limitations to this study, such as its retrospective
nature; small number of subjects; and selective bias given that
treatment-naive patients who had large PEDs and submacular
haemorrhage, which made for poor segmentation in OCTA, were
excluded (12/63; 19.0%) from analysis. Blood flow below the signal
threshold on OCTA may not be detected, and MNV segmentation
may not cover the whole MNV volume. For this reason, MNV area
may differ on ICGA and OCTA; in this study, the MNV area measured
by ICGA was larger than that measured by OCTA in this study. This
difference in MNV area measurement has also been shown in
previous studies, and the possibility of area overestimation on ICGA
has been raised due to leakage of dye [33, 34]. The Angiotool used
for OCTA imaging in this study calculates area by delineation of the
outline of the MNV, versus ICGA, which measures the entire
boundary of the MNV membrane. In addition, it was not possible to
determine whether the changes in MNV were caused solely by the
PRN protocol because no comparison between treatment protocols
was conducted. However, by comparing two groups with different
durations to recurrence, this study presents a novel perspective on
consecutive changes during exudation recurrence after three
loading injections.

In conclusion, we herein suggest that the number of open-
ended vessels in the lesion periphery in MNV patients in the
treatment-naive state could be related to earlier recurrence of
exudation. A consecutive analysis suggested the number of open-
ended vessels in the lesion periphery to be an active marker of
exudation and precedes changes that result in exudation
recurrence. Serial MNV observations in the treatment-naive state
and during IVl treatment could be a useful method for treatment
decision-making and surveillance.

SUMMARY

What was known before

® Macular neovascularization in age-related macular degenera-
tion with exudation was reported to decrease in terms of the
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area, segment length, and fractal dimensions after anti-
vascular endothelial growth factor treatment and to increase
on these same metrics when exudation recurred.

® The morphological feature of macular neovascularization
which related with exudation were reported such as tiny
vessel, tangled appearance, peripheral arcade.

What this study adds

® *Consecutive analysis This study analyzed neovascularization
in consecutive optical coherence tomography angiography
images during three loading anti-VEGF injections and exuda-
tion recurrence of neovascular Age-related macular degenera-
tion.

® *Quantitative values of macular neovascularization Authors
found that the number of open-ended vessels in the lesion
periphery is a predictive marker for earlier recurrence and an
active marker of exudation and preceding changes before
exudation recurrence in AMD.
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