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Introduction

Background: Choroidal neovascularization (CNV) occurs in as much as 11.3%
of patients with pathological myopia, and is a major cause of visual disability
associated with irreversible loss of central vision. The advent of optical coherence
tomography angiography (OCTA) has opened up new opportunities for objective
documentation and real-time qualitative and quantitative evaluation of CNV in the
course of therapy.

Purpose: To assess the efficacy of anti-vascular epithelium growth factor (VEGF)
therapy with ranibizumab in CNV associated with pathological myopia using
OCTA.

Material and Methods: Thirty seven anti-VEGF-treatment naive patients (37
eyes) with myopic CNV were involved in the study. All study participants received
an intravitreal ranibizumab injection (in accordance with the manufacturers
recommendations) followed by as needed (PRN) retreatment.

Results: Complete subretinal fluid resorption with adherence of the neurosensory
retina was observed in all the 37 eyes, the mean number of intravitreal ranibizumab
injections required was 4.56 + 0.1. Over the 18-month follow up period, best-
corrected visual acuity (BCVA) improved from 0.12 +0.03 to 0.42+0.04 in 27 eyes
(72.97%). OCTA patterns of CNV activity tended to fade, with the characteristic
presence of isolated long filamentous vessels having a “dead tree” appearance.
Conclusion: Application of OCTA, an information-rich modality, in pathological
myopia, facilitates a personalized approach to determining the need for anti-
VEGF therapy and selecting the mode of administration of anti-VEGF agents
based on the CNV activity.

Myopia is a serious public health problem in many
countries. Of all the students graduating from secondary
schools in the Central Asia, 70% to 80% are affected
by myopia, and of these myopes, 20% to 30% have
pathological myopia [1-6].

Choroidal neovascularization (CNV) occurs in 5.2-
11.3% of patients with pathological myopia [2-8], and is a
major cause of visual disability associated with irreversible
loss of central vision, because if untreated, myopic CNV
is accompanied by a significant damage to photoreceptors
and irreversible loss of central vision [1, 3, 9-11].

Issues about conservative and laser treatment for
myopic CNV have been discussed by domestic and foreign
researchers for years [4, 9, 11-12]. Intravitreal anti-vascular
endothelial growth factor (anti-VEGF) therapy has
become the standard-of-care and the recommended first-
line treatment option for myopic CNV, and the efficacy
of this treatment with retreatment as needed (PRN) has
been confirmed by RADIANCE and REPAIR multicenter
clinical trials [5, 6].

The efficacy of treatment for myopic CNV in
randomized multicenter clinical trials was assessed by
changes in best-corrected visual acuity (BCVA) and
optical coherence tomography (OCT)-based changes in
neurosensory retinal morphology [5, 6, 11]. Fluorescein
angiography has always been considered the gold standard
for the diagnosis, classification and activity monitoring of
CNYV, but its frequent application is limited by potential
side effects associated with the invasiveness of the
procedure [1, 7-9, 12].

OCT angiography has provided a novel imaging
modality as it allowed for dyeless imaging of choroidal
neovascularization. OCTA is a safe and non-invasive
modality with no side effects, which makes it promising for
documentation and real-time qualitative and quantitative
evaluation of CNV as well as CNV monitoring in the
course of therapy [1- 4, 7, 10, 11].
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Although there have been numerous studies on myopic
CNV, specific signs of CNV activity and morphological
changes in CNV in the presence of anti-VEGF therapy are
still relevant [5, 6, 9-11], which makes the current study
important.

The purpose of this study was to assess the efficacy of
ranibizumab therapy in CNV associated with pathological
myopia using OCTA.

Material and Methods

Thirty seven patients (37 eyes; age, 19 to 47 years;
mean age, 32 + 3.8 years) who presented with anti-VEGF-
treatment naive myopic CNV were involved in the study.
In all cases, CNV was initially identified at presentation.
At baseline, best-corrected visual acuity (BCVA) ranged
from 0.08 to 0.45, with a mean value of 0.12 + 0.03. The
pre-treatment myopic refractive error ranged from —4.0 D
—16.5 D (mean value, —8.5 + 4.8 D), and the anteroposterior
length, from 26.0 mm to 30.50 mm (mean value, 27.3 +
2.0 mm).

To assess the efficacy of anti-VEGF therapy, patients
received a standard eye examination, including BCVA,
ocular biomicroscopy with Goldmann and Meinster
lenses (Ocular Instruments, Bellevue, WA), and swept-
source OCT and OCTA (DRI OCT Triton; Topcon, Tokyo,
Japan). The DRI OCT Triton features a 1-um, 1,050-nm
light source with a scanning speed of 100,000 A-scans/
second. At each visit, 3.0 x 3.0 mm OCTA scans of the
retina were obtained to assess choroidal structural changes
in myopic CNV after treatment with time. CNV membrane
area (mm2) was calculated using standard software.
Morphological signs of CNV activity were assessed by the
method developed by Coscas [13, 14].

The OCTA data were used to determine the location
and type of CNV. The signs of CNV exudation were
identified using the guidelines issued by an international
group of retinal experts [5, 6].

All study participants received an intravitreal
ranibizumab (Novartis Pharma AG) 0.5 mg/0.05 ml
injection (in accordance with the manufacturer’s
recommendations) followed by as needed (PRN)
retreatment until complete suppression of CNV activity as
evidenced by OCT or OCTA.

This was a single-center, prospective clinical study.
The study protocol was approved by a local Ethical
Committee and written informed consent was obtained
from all participants.

Statistical analysis was performed using SPSS 19.02
and Microsoft Excel 2017 software.

Neovascular process was monitored with OCTA at day
30 after each injection. Follow-up duration was 18 months.

Results

Prior to treatment, all patients complained of reduced
vision and metamorphopsia.

The study group included only patients with OCT and
OCT evidence of active macular neovascularization. Of all
the affected eyes, 56.75% (21 eyes) had subfoveal CNV;

34.23% (12 eyes), juxtafoveal CNV; and 10.81% (4 eyes),
extrafoveal CNV. Edema involved the fovea in all affected
eyes. All patients showed OCT signs of CNV exudation
including subretinal fluid in 81.08% (30 eyes), intraretinal
cystic cavities in 75.67% (28 eyes), intraretinal hemorrhage
in 37.83% (14 eyes), and subretinal hyperreflective
exudation in 83.78% (31 eyes) (Fig. 1a).

The mean central retinal thickness was 247 £ 13.96 um
(range, 189 um to 358 um). The mean retinal thickness in
the area of CNV was 339 + 10.26 um (range, 267 pm to
421 pm).

All patients showed OCTA patterns of CNV activity
like a neovascular membrane with a typical lacy or sea
fan sharply demarcated appearance; branching networks
of numerous tiny capillaries radiating from the main
trunk; and anastomoses and loops. There were well-seen
peripheral arcades with hypointense halo around CNV
(Fig. 2a).

At day 30 after the first intravitreal ranibizumab
injection, an improvement in vision and anatomic
measures was noted in 27 eyes (72.97%). In addition,
an improvement in exudative signs was noted in 26 eyes
(70.27%), and no change in exudative signs, in 11 eyes
(29.73%).

OCTA patterns of CNV activity tended to fade, with
the characteristic presence of isolated long filamentous
vessels having a “dead tree” appearance, in the absence
of (1) anastomoses and loops and (2) a perilesional hypo-
intense halo. However, there were still mild signs of
patterns of CNV activity like peripheral loops and isolated
anastomoses in 81.08% of cases (30 eyes), which required
another intravitreal injection.

Therefore, a decision on whether to retreat or not was
based on whether OCTA-based angiographic signs of
CNV activity were marked. Each affected eye required
2 to 7 ranibizumab injections to suppress CNV activity.
Particularly, 4 eyes (10.81%) required 2 injections; 7 eyes
(18.92%), 3 injections; 7 eyes (18.92%), 4 injections; 10
eyes (27.02%)), 5 injections; 5 eyes (13.51%), 6 injections;
and 4 eyes (10.81%), 7 injections. The mean number of
intravitreal ranibizumab injections required was 4.56 +0.1.
Table 1 shows changes in morphological and functional
characteristics after anti-VEGF therapy for myopic CNV.

Over the 18-month follow up period, BCVA improved
from 0.12 £ 0.03 to 0.42 + 0.04 in 27 eyes (72.97%), did
not improve in 8§ eyes (21.62%); and did not change in
2 eyes (5.40%). In addition, OCT-derived central retinal
thickness reduced from 247 £ 13.96 um to 159.40 = 9.50
pm in 35 eyes (94.59%), and did not change in 2 eyes
(5.40%). Moreover, OCT-derived retinal thickness in the
area of CNV reduced from 339 + 10.26 um to 209.50 +
12.30 pm, whereas OCTA-derived CNV area reduced
from 326.767 + 3.345 pm2 to 131.242 £ 2.992 um?2 in
34 eyes (91.89%), and did not change in 3 eyes (8.10%).
However, patterns of CNV activity were absent in 36 eyes
(97.29 %), and present in one eye (2.7 %).
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It is noteworthy that in no case did we observe an
increase in CNV area or signs of CNV exudation in the
neurosensory retina after anti-VEGF therapy over the
18-month follow up period. In all the patients, suppression
of CNV activity was accompanied by an improvement
in BCVA and complete disappearance of OCT-derived
signs of CNV exudation in the neurosensory retina. Other
findings included complete adherence of the neurosensory
retina, incomplete adherence of the retinal pigment
epithelium, resorption of intraretinal cysts, and absorption
of intraretinal and subretinal hemorrhage. The thickness
of subretinal hyperreflective exudation decreased, and the
margins become clear (Fig. 1B). There was a reduction
in OCTA-derived patterns of CNV activity, and the
appearance of macular CNV changed to that of a “dead
tree” (Fig. 2B).

By the end of the follow-up period, the visual and
anatomic outcome of anti-VEGF therapy was still good
in most (94.59%) patients, but BCVA reduced due to
progressive subretinal fibrosis in spite of the absence of
signs of activity of the pathological process in 5.4% of
patients.

Discussion

The results of the current study demonstrated that
OCTA is an imaging modality that provides information-
rich vascular images in monitoring anti-VEGF therapy for
CNV in pathological myopia. According to an international
group of experts, anti-VEGF therapy is indicated for active
CNYV which is confirmed by the following signs: increased
retinal thickness, due to fluid accumulation within or
beneath the retinal layers (the neurosensory retina or RPE),
as evidenced by OCT images; intraretinal or subretinal
hemorrhage; leakage as evidenced by fluorescein
angiography [1-3, 11, 12]. Currently, OCTA is the gold
standard for evaluating the activity of CNV. A limitation
of the current study is that, unlike fluorescein angiography,
OCTA does not allow determining the state of the vascular
wall and leakage [11, 12]. However, during fluorescein
angiography, vessels of the fundus are filled with dye in a
step-by-step manner, and, unlike OCTA, a complete image
of vascular disease cannot be provided without any delay.
OCTA does not require dye, and, consequently, a patient
will have no dye-associated side effects [1, 2, 12].

Both OCTA and fluorescein angiography are limited
with regard to the potential for identifying early signs of
CNV activity. The introduction of OCTA has expanded
the opportunities for diagnostic evaluation and treatment
of CNV. The analysis of OCTA data enabled to identify
the patterns of CNV activity. The most informative
morphological signs were a well-defined CNV lesion
(tortuous lacy-wheel or sea-fan shaped); numerous tiny
tortuous capillaries; the presence of anastomoses and
loops; the presence of a peripheral arcade, and the presence
of a perilesional hypo-intense halo.

This is in agreement with the findings of others who
used the above OCTA-derived patterns of CNV activity

for determining the need for retreatment with anti-VEGF
therapy 5, 6, 8, 10, 11, 13].

The advance of OCTA has opened up new opportunities
for objective documentation and real-time qualitative and
quantitative evaluation of CNV as well as CNV monitoring
during treatment. The identification of the above patterns
of CNV activity allowed to determine the most appropriate
data for performing anti-VEGF therapy as needed and to
stabilize the neovascular process while preserving visual
functions.

The anti-VEGF therapy contributed to complete
subretinal fluid resorption and adherence of the
neurosensory retina with restoration of a normal macular
profile and an improvement in mean BCVA from 0.12 =
0.03 10 0.42 £ 0.04.

Conclusion

First, OCTA is an imaging modality that provides
information-rich  vascular images in monitoring
morphological and morphometric changes in the macular
area and changes in CNV activity following anti-VEGF
therapy in myopic CNV.

Second, application of OCTA, an information-
rich modality, in pathological myopia, (1) facilitates a
personalized approach to determining the need for anti-
VEGF therapy and selecting the mode of administration
of anti-VEGF agents based on the CNV activity and (2)
enables assessing adequately the efficacy of the selected
management option.
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Table 1. Morphological and functional characteristics before and after anti-VEGF treatment in eyes with myopic choroidal
neovasculatization

Morphological and Baseline Time points after the first injection

. L p
functional characteristics 1 month 6 months 12 months 18 months

Central retinal thickness,

um 2475+13.96 | 220.3+11.28 198.5+12.7 180.1 £9.5 159.4+9.5 |<0.05

Retinal thickness
in the area of macular CNV, | 339 + 10.26 302 +13.12 25791120 224.20£9.0 209.5+12.3 |[<0.05
pm

Area of macular CNV, ym? | 326.767 + 3.345 | 300.510 + 4.304 |257.890 + 3.459| 129.378 + 1.956 | 131.242 + 2.992| <0.05

BCVA 0.12+0.03 0.34 £0.07 0.39 £0.07 0.44 £0.02 0.42+0.04 |<0.05

Note: p, significance of difference with baseline; BCVA, best-corrected visual acuity
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Fig. 1A. The baseline OCT scan shows a neuroepithelial
detachment with subretinal and intraretinal fluid, retinal
pigment epithelium (RPE) detachment with a hyperechoic
focus, and subretinal hyperreflective exudation beneath
the RPE, before anti-VEGF treatment
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Fig. 1B. The OCT scan shows complete subretinal fluid
resorption, adherence of the neurosensory retina and
retinal pigment epithelium (RPE) detachment with a
hyperechoic focus after anti-VEGF treatment

Fig. 2A. OCTA image showing an active choroidal
neovascular membrane with a sea fan sharply
demarcated appearance, numerous tiny capillaries
radiating from the main trunk, anastomoses and
loops, and perilesional hypo-intense halo, before anti-
VEGEF treatment

Fig. 2B. OCTA image showing a non-active choroidal
neovascular membrane, with the characteristic presence
of isolated long filamentous vessels having a “dead tree”
appearance, in the absence of (1) anastomoses and
loops and (2) a perilesional hypo-intense halo, after anti-
VEGF treatment
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