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Myopic choroidal neovascularization ey

with neovascular signal around perforating
scleral vessel prone to recur after anti-VEGF
therapy
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Abstract

Background To compare the recurrence of myopic choroidal neovascularization (mCNV) based on the neovascular
signal of MCNV around the perforating scleral vessel (PSV).

Methods A consecutive series of naive patients with mCNV accepted anti-VEGF therapy with a minimum 12-month
follow-up period. The neovascular signal relationship between PSV and mCNV were classified into the presence

of neovascular signal of CNV around PSV or not. The recurrence of mCNV, best-corrected visual acuity (BCVA), hyper-
reflective foci height, CNV area and CNV flow area were analyzed between two groups.

Results Neovascular signal of CNV around PSV was detected in 20 eyes (39.2%). The one-year recurrence rate

in the group with neovascular signal of CNV around PSV was significantly higher than that in the group without neo-
vascular signal of CNV around PSV (P=0.045). The recurrence time in the group with neovascular signal around PSV
was shorter than that in the group without neovascular signal around PSV (P=0.030). Cox proportional hazard model
showed that the presence of neovascular signal of CNV around PSV [hazard ratio (HR): 2.904] and subfoveal cho-
roidal thickness <50 um (HR: 0.368) were risk factors for recurrence of mCNV. In the group with neovascular signal
around PSV, the BCVA was worse (P=0.024) and the CNV flow area was more unstable (P=0.027) after therapy.

Conclusions PSV was commonly detected in patients with mCNV. The presence of neovascular signal of CNV
around PSV was prone to recur with a shorter time in mCNV patients.

Keywords Perforating scleral vessel, Choroidal neovascularization, Pathological myopia, Anti-VEGF therapy, Optical
coherence tomography angiography
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Background

Myopic choroidal neovascularization (mCNV) is one
of the complications of pathologic myopia, commonly
resulting in severe visual impairment [1]. The natural
course of long-term visual outcomes in patients with
mCNYV is unfavorable. Most patients with mCNV experi-
ence a decline in visual acuity (VA) to 20/200 or below in
5 to 10 years following the onset with the development
of CNV-related macular atrophy [2]. Currently, intravit-
real anti-vascular endothelial growth factor (anti-VEGF)
injection is the first-line treatment for mCNV [3]. Recent
clinical trials have shown that anti-VEGF therapy is safe
and can considerably increase visual acuity in patients
with mCNV [1, 4]. Rebleeding of mCNV was reported
in 15%—-20% patients at a follow-up of 10 years without
treatment. However, even after treatment, 29.4%—46.1%
patients with mCNV frequently experience recurrence
[5-7]. The thinner choroidal thickness and larger CNV
size were considered as risk factors for recurrence after
anti-VEGF treatment [8, 9].

The latest study proposed that mCNV was closely
related to perforating scleral vessels (PSV). PSV was
detected in 80% of mCNV [10]. Ohno-Matsui’s study
reported that CNV in pathological myopia had a connec-
tion with short posterior ciliary arteries [11]. Querques
et al. speculated that the scleral dilatation at the location
of the perforating vessels may play a role in the forma-
tion of lacquer crack which is a risk factor for CNV [12].
Further study was reported that patients with mCNV and
PSV need more injections and have a higher recurrence
rate than mCNV without PSV [13]. The role of PSV in
mCNYV was not clear.

In our earlier study, we found that when PSV was adja-
cent to mCNYV, the VA outcome was poorer [14]. It was
unclear whether the location of flow signal of PSV with
mCNV were related to recurrence. Therefore, in this
study, we analyzed the neovascular signal relationship
between PSV and mCNYV by optical coherence tomogra-
phy angiography (OCTA) and evaluated its clinical sig-
nificance with recurrence of mCNYV after therapy.

Methods

This retrospective study was performed at the Eye Hos-
pital of Wenzhou Medical University in China. The study
was approved by the Ethics Committee of Eye Hospital of
Wenzhou Medical University, Zhejiang Province, China
(H2022-010-K-10-01), and followed the tenets of the
Declaration of Helsinki. The medical records of patients
who visited the Eye Hospital of Wenzhou Medical Uni-
versity between January 2017 and December 2021 were
reviewed. The need for participation consent was waived
due to the retrospective nature of this study. Written
informed consent for all performed surgical procedures
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was obtained from each patient prior to scheduled
surgery.

The inclusion criteria were: (1) Meet the criteria
of pathological myopia: the refractive error (spheri-
cal equivalent) is at least—6.00 diopter (D) or the axial
length is more than 26.00 mm, with typical sclera, cho-
roid and retina degeneration; (2) Existence of active
CNV: comprehensive interpretation of fundus photog-
raphy, optical coherence tomography (OCT), OCTA and
fluorescein angiography (FA); (3) The first anti-VEGF
therapy was performed in this hospital; and (4) Follow-
up time > 12 months. The exclusion criteria were: (1) At
the first diagnosis, CNV was in the stage of scar or atro-
phy; (2) CNV was secondary to other diseases, such as
punctate inner choroidopathy, multifocal choroiditis,
age-related macular degeneration; (3) During the follow-
up period, the eyes that underwent intraocular surgery
in addition to anti-VEGF therapy; (4) Combining with
severe posterior segment complications, such as retinal
detachment or macular hole; (5) Previous history of anti-
VEGF therapy in other institutions; and (6) CNV outside
a 3x3 mm? on OCTA image, or CNV too large to fit
within the 3x 3 mm? area.

The age, sex, best-corrected VA (BCVA) and refrac-
tive error were collected from the medical records of the
initial examination. The dilated fundus examination that
included indirect ophthalmoscopy, color fundus photog-
raphy (TRC-50DX, Topcon Corporation, Tokyo, Japan)
or confocal scanning laser ophthalmoscopy (cSLO; Optos
Daytona, Optos, England), structural spectral-domain
OCT (SD-OCT) (Spectralis SD-OCT; Heidelberg Engi-
neering, Germany), OCTA (Angio OCT; Optovue, Fre-
mont, America) and fundus fluorescein angiography
(FFA)/indocyanine green angiography (ICGA), (HRA
Spectralis, Heidelberg, Germany) were performed.
BCVA, OCTA and OCT were recorded before treat-
ment, 1 month, 3 months, 6 months and 12 months after
therapy. Hyperreflective area height, central foveal thick-
ness (CFT), subfoveal choroidal thickness (SFCT), CNV
area and CNV flow area were measured before and after
therapy.

The classification of PSV based on B-scan and OCTA

PSV was defined as: (1) hyporeflective appearance pre-
senting as linear or wavy morphology extension from
the sclera through the choroid toward the retina in OCT
B-scan images; and (2) the corresponding projection on
en-face structure image presented as a black low-reflec-
tion lumen-like structure [15].

The location of neovascular signal between PSV and
CNV were mainly analyzed through images of 512 con-
secutive horizontal and vertical B-scans on the 3 x 3 mm?
using OCTA (Angio OCT; Optovue, Fremont, America),
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by RTVue XR Avanti OCT system (Optovue Inc., Fre-
mont, CA, USA), and the manufacturer’s AngioVue soft-
ware (version number 2018.1.0.43) to observe the images.
This version uses 3D projection artifact elimination tech-
nology to eliminate projection artifacts in en-face OCTA
images and OCTA B-scans images, making image recog-
nition more accurate [16]. All images were analyzed for
segmentation errors and projection artifacts firstly and
adjustments were made if necessary.

The location of flow signal from mCNV around PSV
were evaluated by en-face OCTA images and B-scan
OCTA images. The location of PSV under the CNV
were observed through both horizontal and vertical
cross-sectional OCTA B-scan. The neovascular signal of
mCNYV with PSV was divided into two groups: (1) Pres-
ence of neovascular signal around PSV—neovascular sig-
nal (red blood flow signal) can be observed adjacent to
PSV which seemed like the neovascularization existed
at the junction of PSV (linear low reflection structure)
and CNV (high reflection exudate focus) (Fig. 1la—c); (2)
There was no neovascular signal around PSV—no blood
flow signal was observed at the junction of PSV and CNV
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(Fig. 1d—f). Two independent retina specialists classified
all images on different days using the same monitor (the
monitor resolution: 1920x 1080 px) and any discrepan-
cies were resolved with further discussion, so all signal
types matched.

The morphology of mCNV analyzed by OCTA

The morphology of mCNV was analyzed by en-face
OCTA according to previous research. CNV patterns
were classified, including “Medusa” pattern, “Seafan” pat-
tern, “indistinct network” pattern and “pruned vascular
tree” pattern, based on the presence of thin branches, cir-
cular peripheral anastomosis, feeder vessel, filamentous
flow and dark halo [17].

The area of mCNV were measured on en-face OCTA
images between Bruch’s membrane and the outer plexi-
form layer which was automatically segmented by the
AngioVue software. If the automatic stratification was
not accurate due to pathological changes, it would be
adjusted manually. The CNV area (contour area) and
CNV blood flow area selected by the frame can be cal-
culated automatically by using the built-in software along

Fig. 1 The morphology of perforating scleral vessel (PSV) based on the neovascularization signal by optical coherence tomography angiography
(OCTA). a—c Presence of neovascular signal around PSV. a En-face OCTA image shows the shape of choroidal neovascularization (CNV) in the outer
retinal layer, and the crossed lines indicate the location of PSV, which can correspond to the hyperreflection signal of CNV. b The corresponding
en-face structure image of a. ¢ The horizontal cross-sectional OCTA B-scan image. The yellow arrowhead indicates PSV, showing a low reflection
linear hyporeflection structure to the choroid inclined from the sclera region, the red star indicates the hyperreflection exudation focus of mCNV,
and the white box shows the blood flow signal (red flow signal) of neovascularization at the interface between the hyporeflection cavity

and the hyperreflection focus. d-f Absence of neovascular signal around PSV. d En-face OCTA image shows the shape of CNV in the outer retinal
layer, and the crossed lines indicate the location of PSV, which can not correspond to the hyperreflection signal of CNV. e The corresponding
en-face structure image of d. f The horizontal cross-sectional OCTA B-scan image. The yellow arrowhead indicates PSV, showing a low reflection
linear hyporeflection structure to the choroid inclined from the sclera region, the red star indicates the hyperreflection exudation focus of mCNV,

and the flow signal of CNV does not intersect with PSV
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the CNV edge contour (Fig. 2a). The measurement is car-
ried out independently by two doctors, and if the differ-
ence in data is more than 10%, it will be measured again
[18].

The location of CNV was divided into subfoveal CNV
and parafoveal CNV, according to whether CNV is less
than 1 mm in diameter of the macular fovea.

Therapy plan with anti-VEGF treatment

All patients were naive without any treatment before. A
1+ pro-re-nata (PRN) regimen was used to conduct the
study using 0.5 mg of ranibizumab or conbercept. When
the mCNV activity was completely quiet at the next
check-up, no further injections were given unless a recur-
rence was observed. If the mCNV activity remained,
further injections were given monthly until the mCNV
stabilized. The graders of the images with mCNV were
masked to the patients’ treatment and clinical course.

Definition of recurrence in mCNV

CNV recurrence was defined as a new development
of dye leakage observed by FA, or a new or increased
subretinal exudation-like serous retinal detachment
observed in OCT images at least three months after
the original fluid was completely resolved. Reactivation,
enlargement of the original CNV, and a new CNV that
developed away from the original CNV were the three
categories into which the recurrences were categorized
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which was defined by Xie et al. Reactivation was shown
by the increase of re-exudate on the B-scan, but there
was no significant increase in CNV area. Enlargement
of the original CNV was shown that not only the exuda-
tion increases, but also the area of CNV is larger than
that of the original CNV by en-face OCTA. A new CNV
was shown by the emergence of a new CNV away from
the original CNV [19]. While observing the recurrence,
B scan and OCTA are used to determine whether CNV
has PSV at the site of recurrence, including their loca-
tion and neovascular signal relationship.

The measurement of hyperreflective area height, CFT, SFCT
The built-in caliper in the SD-OCT was used to meas-
ure these parameters. Hyperreflective area is defined
as the area whose reflection is equal to or greater than
the retinal pigment epithelium (RPE) layer. The height
of hyperreflective area is defined as the vertical dis-
tance between the highest point of the hyperreflective
area and Bruch’s membrane (Fig. 2b). CFT is defined as
the vertical distance between the retinal pigment epi-
thelium of the macular fovea and the outer edge of the
internal limiting membrane (Fig. 2c). SECT is defined
as the vertical distance between the outer edge of the
retinal pigment epithelium and the choroidoscleral
interface. Each eye was measured three times by the
same doctor and averaged.

Fig. 2 Schematic diagram of choroidal neovascularization (CNV) area, hyperreflective area height, central foveal thickness (CFT) measurement. a
The CNV contour is selected manually, the CNV area (contour area) and CNV flow area are calculated automatically by using the built-in software
(red circle). b The hyperreflective area height is the vertical distance between the highest point of hyperreflective area and Bruch’s membrane. ¢ CFT
is the vertical distance between the retinal pigment epithelium and the outer edge of the internal limiting membrane of the fovea
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Definition of dilated choroidal vein (DCV)

The presence of DCV in the macular area was deter-
mined by ICGA and OCTA. DCV showed that the diam-
eter of the great choroidal vein in the ICGA image was
greater than or equal to two times the diameter of the
adjacent vein [20].

Statistical analysis

Statistical analysis was performed with a commercial
program (SPSS for Windows; version 26.0.0; SPSS Inc.,
Chicago, IL). Snellen visual acuity was converted to the
logarithm of the minimal angle of resolution (logMAR)
for statistical purposes. The Kolmogorov—Smirnov test
was used to determine the normality of all continuous
variables. If the data was normally distributed, it was
expressed as mean * standard deviation; otherwise, it was
expressed as the median (interquartile range). The inde-
pendent ¢-test or Mann—Whitney test were used to com-
pare continuous variables, and the Pearson’s x* test was
used to compare categorical variables.

The Kaplan—Meier survival analysis and Cox pro-
portional hazard model were performed for the first
recurrence. Repeated measurement analysis of variance
(RM-ANOVA) was used to compare the BCVA, hyperre-
flective area height, CFT, SECT, CNV area and CNV flow
area at each time point. P<0.05 was considered statisti-
cally significant.

Results

Clinical study data

The medical records of 202 patients (207 eyes) with
mCNYV who received anti-VEGF therapy for the first time
in the hospital were reviewed retrospectively. One hun-
dred and fifty-six eyes were excluded: 72 had a follow-up
period of less than 12 months, 66 had missing or incom-
plete critical follow-up data, 8 had image quality less than
three leading to blurred angiography, 4 had other internal
surgery, 3 had retinal detachment during the follow-up
period and 3 had suspicious age-related macular degen-
eration. Further research was conducted on 51 eyes from
46 patients. Among all the cases, 3 had hypertension, no
diabetes, 14 had cataract surgery before the observation
period and all the ethnic groups were Han people.

Table 1 displays the demographic information of the 51
eyes. The average age was 53.88 + 14.01 years old, with a
refractive error of —12.46+3.12 D. The median baseline
BCVA was 0.70 (0.40-1.30) logMAR, and the follow-up
duration was 27 (20-41) months. 33 (64.7%) eyes had
been diagnosed with subfoveal CNV while 18 (35.3%)
with parafoveal CNV. The percentage of “Medusa’;, “Sea-
fan” and “indistinct network” were 22 (43.1%), 8 (15.7%),
and 21 (41.2%) at baseline. The median baseline CNV
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Table 1 Baseline characteristics of eyes with myopic choroidal

neovascularization

Parameter Total eyes (n=51)
Age (years) 53.88+14.01
Gender (n, %)

Female 38 (74.5%)

Male 13 (25.5%)
Refractive error (D) —1246+3.12
BCVA (logMAR) 0.70 (0.40-1.30)
Anti-VEGF (n, %)

Ranibizumab 28 (54.9%)

Conbercept 23 (45.1%)
Number of initial injections 2(1-3)
Number of total injections 3(2-4)
Follow-up duration (months) 27 (20-41)
CNV location (n, %)

Subfoveal 33 (64.7%)

Parafoveal 18 (35.3%)

CNV area (mm?)
CNV flow area (mm?)
CNV pattern (n, %)

“Medusa”: “Seafan”: “indistinct network”

0.361 (0.180-0.897)
0.299 (0.136-0.646)

22:8:21
(43.19%:15.7%:41.2%)

PSV (n, %) 51 (100.0%)
Lacquer cracks (n, %) 16 (31.4%)
Posterior staphyloma (n, %) 45 (88.2%)
Retinoschisis (n, %) 14 (27.5%)
Dilated choroidal vein (n, %) 17 (33.3%)
Hyperreflective area height (um) 210 (170-286)
Central foveal thickness (um) 300 (219-381)
Subfoveal choroidal thickness (um) 54 (26-72)

BCVA = best-corrected visual acuity; logMAR = logarithm of the minimum
angle of resolution; anti-VEGF = anti-vascular endothelial growth factor; CNV =
choroidal neovascularization; PSV = perorating scleral vessels

area was 0.361 (0.180—0.897) mm?, and the median base-
line CNV flow area was 0.299 (0.136-0.646) mm?2. 16
(31.4%) eyes had lacquer cracks, 45 (88.2%) eyes had pos-
terior staphyloma, 14 (27.5%) eyes had retinoschisis and
17 (33.3%) eyes had DCV. The median hyperreflective
area height was 210 (170-286) pm, the median CFT was
300 (219-381) um and the median SFCT was 54 (26-72)
pm.

Clinical demographic comparisons between mCNV

with and without neovascular signal of mCNV around PSV
The presence of PSV was observed in all eyes (51 eyes).
Neovascular signal of CNV around PSV was found in 20
eyes (39.2%), and not in 31 eyes (60.8%). A total of three
eyes showed differences during observation, and agree-
ment was reached through further observation and
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Table 2 Clinical demographic comparisons between mCNVs based on the presence of neovascular signal around PSV

Parameter Presence of neovascular signal around Absence of neovascular signal around P value
PSV (n=20) PSV (n=31)

Age (years) 51.35+14.35 55.52+13.76 0.304¢
Gender (n, %) 0.949°

Female 15 (75.0%) 23 (74.2%)

Male 5(25.0%) 8(25.8%)
Refractive error (D) —1241+£341 —1249+297 0.928°
Baseline BCVA (logMAR) 0.75 (0.43-1.30) 0.52 (0.40-1.00) 0.137°
Anti-VEGF (n, %) 0.557¢

Ranibizumab 12 (60.0%) 16 (51.6%)

Conbercept 8 (40.0%) 15 (48.4%)
Number of initial injections 2(1-3) 2(1-3) 0.784°
Number of total injections 3(2-4) 2(2-3) 0.198>
Follow- up duration (months) 30.5 (22-45.5) 26 (18-38) 0.284°
CNV location (n, %) 0.066°

Subfoveal 16 (80.0%) 17 (54.8%)

Parafoveal 4 (20.0%) 14 (45.2%)
CNV area (mm?) 0.659 (0.178-1.150) 0.310 (0.180-0.670) 0.109°
CNV flow area (mm?) 0.538(0.129-0.791) 0.255 (0.136-0.574) 0.177°
CNV pattern (n, %) 0.133¢°
“Medusa”: “Seafan”:“Indistinct network” 10:5:5 13:3:16

(50.0%:25.0%:25.0%) (38.7%:9.7%:51.6%)

Lacquer cracks (n, %) 7 (35.0%) 9 (29.0%) 0.654°
Posterior staphyloma (n, %) 17 (85.0%) 28 (90.3%) 0.668°
Retinoschisis (n, %) 7 (35.0%) 7 (22.6%) 0.332°
Dilated choroidal vein (n, %) 10 (50.0%) 7 (22.6%) 0.043?
Hyperreflective area height (um) 249.50 (185.25-318.50) 197.00 (150.00-268.00) 0.080°
Central foveal thickness (um) 304.50 (247.25-405.75) 263.00 (206.00-378.00) 0.364°
Subfoveal choroidal thickness (um) 53.00 (24.25-82.25) 54.00 (36.00-68.00) 0.847°

mCNV = myopic choroidal neovascularization; PSV = perorating scleral vessels; BCVA = best-corrected visual acuity; logMAR = logarithm of the minimum angle of
resolution; anti-VEGF = anti-vascular endothelial growth factor; CNV = choroidal neovascularization

Bold values indicate statistically significant. P <0.05 was considered as significant
2 Pearson’s x? test/Fisher’s exact test

b Mann-Whitney U test

€ Student’s t-test

discussion. The baseline data and the treatment situation
were compared in Table 2.

The occurrence rate of DCV in the group with neovas-
cular signal around PSV was higher than that in the group
without neovascular signal around PSV (50.0% vs. 22.6%,
P=0.043). The height of hyperreflective area between two
groups were not significantly different [249.5 (185.25-
318.5) um vs. 197 (150-268) pum, P=0.080)]. There was no
significant difference between the other baseline data and
the treatment situation.

Higher rate of recurrence occurred in eyes

with neovascular signal around PSV

Twenty of 51 eyes (39.2%) experienced at least one recur-
rence throughout the follow-up period, of which 10 eyes

(50.0%) had a reactivation of original CNV, 4 eyes (20.0%)
had further enlargement of the original CNV, and 6 eyes
(30.0%) had new CNV formation. For all patients, the
recurrence rate within one year was 15.7%. The mean
number of anti-VEGF injections was 3.06 times (median,
3.00 times). The overall mean interval between first
recurrence was estimated to be 34.43 months (median,
44.00 months, range, 4.00-47.00 months) by Kaplan—
Meier survival analysis.

Within one year after treatment, 6 eyes (30.0%) in the
group with neovascular signal around PSV had at least
one recurrence, and 2 eyes (6.5%) in group without neo-
vascular signal around PSV had at least one recurrence.
Higher rate of recurrence occurred in eyes with neovas-
cular signal around PSV (P=0.045) in the first year.
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Kaplan—Meier survival analysis showed that the aver-
age interval of first recurrence was 28.68 months (median
interval 36.00 months, range, 4.00-47.00 months), and
the average interval of first recurrence was 39.55 months
(median recurrence interval could not be predicted,
range 11.00-20.00 months). The recurrence rate in the
group with neovascular signal around PSV was signifi-
cantly higher than that in the group without neovas-
cular signal around PSV (Fig. 3, Log Rank x*=14.712,
P=0.030). The one-year recurrence rates of the two
groups were 30.0% and 6.5% and the two-year recurrence
rates were 46.2% and 25.6%, respectively.

When we conducted survival analysis separately based
on drugs, the recurrence probability in the group with
neovascular signal around PSV was significantly higher
than that in the group without neovascular signal around
PSV (Log Rank x*>=7.332, P=0.007) when treated with
conbercept. However, there was no difference in the
recurrence probability (Log Rank x*=0.364, P=0.547)
when treated with ranibizumab.

The risk factors for recurrence were analyzed by Cox
proportional hazard regression model (Table 3). Uni-
variate Cox regression analysis was used to analyze the
presence or absence of neovascular signal around PSV,
baseline BCVA, baseline CNV area, presence or absence
of lacquer crack, type of anti-VEGF drugs and SFCT.
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In univariate analysis, the presence of neovascular sig-
nal around PSV and SFCT were associated with the
increased risk of CNV recurrence, while baseline BCVA,
baseline CNV area, presence or absence of lacquer crack
and type of anti-VEGF drugs were not significantly cor-
related with the risk of CNV recurrence. In the multivari-
ate analysis, the presence of neovascular signal around
PSV [P=0.026, HR: 2.904, 95% confidence interval (CI):
1.134-7.436] and SFCT (P=0.034, HR: 0.368, 95% CI:
0.146-0.928) were still significant. The presence of neo-
vascular signal around PSV and SECT <50 pm are risk
factors for CNV recurrence.

Additional analysis revealed that 15 recurrent eyes
with neovascular signal around PSV, 7 (53.8%) eyes
were reactivated by the original CNV, 3 (23.1%) eyes
had an enlargement of the original CNV, and 3 (23.1%)
eyes developed a new CNV that developed away from
the original CNV (Table 4). In 7 recurrent eyes with-
out neovascular signal around PSV, 3 (42.9%) eyes were
reactivated by the original CNV, 1 (14.3%) eye had an
enlargement of the original CNV, and 3 (42.9%) eyes
developed a new CNV that developed away from the
original CNV. The distribution of recurrence types did
not differ (P=0.698). When observing the neovascu-
lar signal in CNV which had recurrences, 9 (69.2%)
eyes were found PSV around the recurrent CNV in the

Kaplan- Meier Survival Analysis for the First Recurrence Based on the Neovascular Signal around PSV

1.00 A

0.75 1

0.50 4

0.25 1

Probability of patients without recurrence

Log-rank P = 0.030

Neovascular Signal around PSV

Absence
— Presence

g

0 10 20

Number at risk

Presence 20 15

12

30 40

Time (months)

8 5

Fig. 3 Kaplan-Meier survival curve on recurrence of CNV based on the neovascular signal around PSV during follow-up. The Kaplan—-Meier
survival curve shows the survival rate each time the event of recurrence in CNV with neovascular signal around PSV group (red line) and CNV
without neovascular signal around PSV group (blue line). Log-rank P=0.030. CNV, choroidal neovascularization; PSV, perforating scleral vessel
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Table 3 The risk factors with recurrence of mCNV
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Variable Sub-group Univariate analysis Multivariate analysis
Pvalue HR 95% Cl for HR Pvalue HR 95% Cl for HR
5% 95% 5% 95%
Subfoveal choroidal thickness 10-50 um (47.1%) 0.0496 1.000 - - 0.034 1.000 - -
51-110 um (52.9%) 2526 1.002 6.371 0.368 0.146 0928
Neovascular signal around PSV Absence (60.8%) 0.038 1.000 - - 0.026 1.000 - -
Presence (39.2%) 2.705 1.057 6.922 2.904 1.134 7436
Anti-VEGF Conbercept (45.1%) 0.266 1.000 - - - - - -
Ranibizumab (54.9%) 1.658 0.68 4043 - - - -
Lacquer cracks Absence (68.6%) 0.116 1.000 - - - - - -
Presence (31.4%) 2.034 0.839 4930 - - - -
Baseline CNV area <0.3mm? (37.3%) 0.089 1.000 - - - - - -
0.3-0.7 mm? (33.3%) 3.007 1.016 8.899 - - - -
>0.7 mm? (29.4%) 1.081 0.328 3.565 - - - -
Baseline BCVA 0.005-0.5 logMAR (31.4%) 0.943 1.000 - - - - - -
0.5-1.0 logMAR (43.1%) 1.191 0423 3.357 - - - -
1.0-2.0 logMAR (25.5%) 1.062 0323 3485 - - - -

mCNV = myopic choroidal neovascularization; PSV = perorating scleral vessels; anti-VEGF = anti-vascular endothelial growth factor; CNV = choroidal
neovascularization; BCVA = best-corrected visual acuity; C/ = confidence interval; HR = hazard ratio

Bold values indicate statistically significant
P<0.05 was considered as significant

presence of neovascular signal around PSV group, while
1 (14.3%) eye in the absence of neovascular signal around
PSV group was found PSV around the recurrent CNV.
However, there was no significant difference between two
groups (P=0.057).

Changes of BCVA, hyperreflective area height, CNV

area and CNV flow area in eyes with neovascularization
around PSV

The changes of BCVA, hyperreflective area height, CNV
area and CNV flow area were compared between the two
groups through repeated measures analysis of variance
(Additional file 1: Table S1). Since the original data is not
normally distributed, all the data are converted into nor-
mally distributed data by open square root processing.

For BCVA, the main effect of follow-up time was sta-
tistically significant (F=10.507, P<0.001, q2p =0.477),
BCVA was significantly improved. The main effect of the
group was statistically significant (F=5.418, P=0.024,
r]2p=0.100), BCVA of the group with neovascular signal
around PSV was worse (Fig. 4a).

For hyperreflective area height, the main effect of
follow-up time was statistically significant (F=12.174,
P<0.001, q2p=0.555). The main effect was not statisti-
cally significant (F=0.093, P=0.761, q2p =0.002).

For CNV area, the main effect of follow-up time was
statistically significant (F=4.422, P=0.009, q2p =0.555),

and the area of CNV was significantly reduced. The main
effect was not statistically significant (F=0.044, P=0.836,
n%,=0.002).

For CNV flow area, the main effect of follow-up
time was statistically significant (F=7.711, P<0.001,
n2p=0.562). The CNV flow area was significantly
reduced. The main effect was not statistically significant
(F=0.029, P=0.866, q2p=0.001). The influence of groups
on CNV flow area was significantly different over time
(F=3.326, P=0.027, n2p=0.357) (Fig. 4b). Further simple
effect analysis showed that there was no significant dif-
ference in simple effect of CNV flow area between the
two groups at baseline, 1 month, 3 months, 6 months and
12 months (P=0.479, 0.308, 0.859, 0.613, 0.825, respec-
tively). Multiple comparative findings: in the group with
neovascular signal around PSV, the CNV flow area at
1 month, 3 months and 12 months were significantly
decreased compared with baseline (P<0.001, P=0.001,
P=0.012, respectively), while there was no significant
difference at 6 months (P=0.074). In the group without
neovascular signal around PSV, the CNV flow area was
significantly decreased compared with baseline at three
months (P=0.043), while there was no significant differ-
ence in the other groups (P=1.000, P=0.163, P=0.134,
respectively). In summary, the CNV flow area of the
group with neovascular signal around PSV decreased
most significantly at one month and then increased,
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a Changes of BCVA with time based on the Neovascular Signal around PSV after anti-VEGF treatment
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b Changes of CNV flow area with time based on the Neovascular Signal around PSV after anti-VEGF treatment
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Fig. 4 Changes of BCVA and CNV flow area change with time based on the neovascular signal around PSV after anti-VEGF. The x-axis stands
for the serial times, y-axis stands for normal distribution data of logMAR BCVA and CNV flow area after converting to the open square root. The

influence of groups on CNV flow area was significantly different over time by ANONA (P

=0.027). BCVA, best-corrected visual acuity; CNV,

interaction

choroidal neovascularization; PSV, perforating scleral vessel; anti-VEGF, anti-vascular endothelial growth factor

while the CNV flow area of the group without neovas-
cular signal around PSV showed a decreasing trend, but
there was no significant difference.

Discussion

We observed that PSV was mainly detected in patients
with mCNV. Not only was the location of PSV discov-
ered around the mCNYV, but also the neovascular signal
of mCNYV was closely related to PSV detected by OCTA.
During the follow-up period, 20/51 (39.2%) of the eyes
with mCNV recurred. Additionally, when the PSV was
around the neovascular signal of CNV, it showed a worse
VA result and a greater probability of recurrence with a
shorter recurrence time.

Here, we evaluated the neovascularization signals
around the PSV for the first time. The neovascular sig-
nal of CNV around PSV was found in 20/51 (39.2%) of
the eyes. Our study found that the high rate of DCV was
detected in the group with neovascular signal around
PSV. Xie et al. found the existence of DCV under mCNV
and proposed that mCNV might be a vascular unit with
input from the short posterior ciliary arteries and drain
to the DCV [20]. This may be the reason for the high
recurrence rate of mCNV with neovascularization sig-
nals around the PSV.

The median follow-up time in this study was 27 (20—
41) months. Kaplan—Meier survival analysis estimated
that the average interval between initial treatment and
first recurrence was 34.43 months (median recurrence
time was 44.00 months, range, 4.00-47.00 months). It
is suggested that the recurrence rate of mCNYV is high
after anti-VEGE, and the first recurrence time is about
three years. Jain et al. found that 44 (26.4%) eyes recurred
after an average follow-up of 16.5+12.86 months [21].
Kang et al. carried out a follow-up for an average of

71.21+£26.43 months and found that 35 (46.1%) eyes
recurred at least once. The average interval between
the initial treatment and the first recurrence was
24.15 +18.10 months [5]. Their recurrence time is lower
than the results of this study. Considering that their treat-
ment methods include photodynamic therapy (PDT)
alone, combinatorial PDT and anti-VEGF treatment,
it was found that PDT treatment history is a risk fac-
tor for recurrence, and this study only included patients
with anti-VEGF alone. We found that the survival curves
of the two anti-VEGF drugs were different, and besides
the small sample size, other reasons also warrant further
investigation.

When there is neovascular signal of CNV around PSV,
the one-year recurrence rate of mCNYV is higher and the
prognosis is worse. 30.0% (6/20) of the eyes with neo-
vascular signal around PSV had recurrence, which was
much higher than that of the group without neovascular
signal around PSV (6.5%, P=0.045). Kaplan—Meier sur-
vival analysis also showed the same conclusion during the
whole follow-up. The recurrence rate of the group with
neovascular signal around PSV was significantly higher
than that of the group without neovascular signal around
PSV (LogRank x*=14.712, P=0.030), the mean interval
between the first recurrence in the group with neovascu-
lar signal around PSV was 28.68 months (median recur-
rence interval 36.00 months, range, 4.00-47.00 months),
and the mean interval between the first recurrence in
the group without neovascular signal around PSV was
39.55 months (median recurrence interval could not be
predicted, range, 11.00-20.00 months), suggesting that
the relationship between PSV and CNV hemodynamics
had an impact on the recurrence of mCNV (Fig. 5). Ruiz-
Medrano et al. [13] found that compared with mCNV
without PSV, mCNYV with PSV had a significant increase
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Initial CNV

Recurrent CNV

Fig. 5 Recurrence of mCNV with neovascular signal around PSV after anti-VEGF therapy. An 83-year-old woman had an active mCNV at initial
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visit and recurred four months later. The patient underwent one conbercept injection after the onset and another three conbercept injections
after the recurrence. Upper row (a—h) shows the cSLO and OCTA images at initial visit. a cSLO shows that initial CNV (white circle) is visualized

as a flat, tiny, greyish subretinal lesion. b En-face OCTA shows a high-flow network (initial CNV, orange icon 1 including a feeder vessel (white arrow).
c—e A local magnification of b. The cross lines indicate the location of PSV, which is located away from the current CNV. The Bruch’s membrane

is intact, however, the RPE layer has a local uplift. d is horizontal B-scans and e is vertical B-scans. The red arrowhead indicates the uplifted RPE,
the yellow arrowhead indicates the PSV. f-h Another local magnification of b. The cross lines indicate the location of another PSV, corresponding
to the feeder vessel of the CNV in f. PSV (yellow arrowhead) was identified as a hyporeflective linear region that was found below the CNV (red
arrowhead, g, h) and around a neovascular signal (g). Lower row (i-p) shows the cSLO and OCTA images at the first recurrence visit. i A new CNV
(red circle) has formed near the original CNV (white circle). j En-face OCTA shows the locations of the new CNV (blue icon 2) and the initial CNV
(orange icon 1). k-m A local magnification of j. A new CNV (red arrowhead) has formed. PSV (yellow arrowhead) can be observed below the CNV
(red arrowhead), and there is a new neovascular signal around it (I). n—p The initial CNV partially subsided and the initial neovascular signal
cannot be observed (o). mMCNV, myopic choroidal neovascularization; CNV, choroidal neovascularization; PSV, perforating scleral vessel; anti-VEGF,
anti-vascular endothelial growth factor; cSLO, confocal scanning laser ophthalmoscopy; OCTA, optical coherence tomography angiography; RPE,

retinal pigment epithelium

in the number of relapses after receiving anti-VEGF
treatment and received more anti-VEGF intravitreal
injections per year. They further analyzed and found that
whether PSV was under or in contact with the mCNV
had no significant impact on recurrence rate (P=0.60),
injection frequency (P=0.52), or annual recurrence fre-
quency (P=0.40). This suggested that the positional rela-
tionship between mCNV and PSV is not significantly
associated with recurrence. It should be noted that the
recurrence interval was defined as at least three months
after the original mCNV was stable in our study accord-
ing to Xie et al. [19] and Jain et al. [21]. Conversely, Ruiz
Medrano et al. [22] used an interval of one month for this
definition.

According to the hemodynamic hypothesis, the upreg-
ulation of VEGF is the main cause of mCNYV, and anti-
VEGF therapy is effective in patients with mCNV [23, 24].

BCVA after anti-VEGF treatment was improved regard-
less of whether there was neovascular signal around PSV,
which indicated the effectiveness of anti-VEGF treat-
ment on mCNV and suggested that the upregulation of
VEGF was involved in the formation of mCNV. However,
when there is neovascular signal around PSV, mCNV is
more unstable (Fig. 6). Ishida et al. found that PSV origi-
nated from the retrobulbar short posterior ciliary artery
through ICGA examination [11]. Louzada et al. found
that CNV was connected with PSV through swept-source
OCT (SS-OCT) en-face images, suggesting that mCNV
may originate from intrascleral blood vessels [25]. The
presence of blood flow signals we found at the junction of
PSV and CNV further supports this hypothesis, although
there is currently no direct histopathological evidence for
a relationship. We speculate that when there is a blood
flow signal connection between PSV and CNV, this type
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3 months 12 months 38 months

Fig. 6 Changes of mCNV with neovascular signal around PSV after anti-VEGF therapy. A 57-year-old woman with an active myopic choroidal
neovascularization at initial visit and recurred 38 months later. The patient underwent one ranibizumab injection after the onset, another one
ranibizumab injection at three months and another two ranibizumab injections at the first recurrence. Each row represents images of the same

follow-up time point. The first line represents en-face OCTA images, the second line represents en-face structure images, the third line represents
horizontal cross-sectional OCTA B-scan, and the fourth line represents vertical cross-sectional OCTA B-scan. The baseline CNV (a1) shows a “Medusa”
pattern, and a PSV (linear low reflection structure, a3, a4) can be seen under the CNV, corresponding to a black low-reflection lumen-like structure
on en-face structure image (a2). Neovascular signal (red blood flow signal) can be observed around PSV (a3). One month after anti-VEGF therapy,
the CNV decreased obviously (b1) and the neovascular signal around PSV cannot be observed (b3). Two months and three months after anti-VEGF
therapy, the CNV area gradually increased (c1, d1) and the exudation under CNV increased significantly at three months (d3), which demonstrated
that the mCNV was not stable after therapy. Therefore, she accepted another injection. The CNV was stable at 12 months (e1—e4). The mCNV
recurred at 38 months. The CNV area increased from the baseline (f1), the exudation under CNV increased (f3, f4) and the neovascular signal can

be observed around PSV again (f3). mCNV, myopic choroidal neovascularization; CNV, choroidal neovascularization; PSV, perforating scleral vessel;

anti-VEGF, anti-vascular endothelial growth factor; OCTA, optical coherence tomography angiography

of mCNV may originate in whole or in part from PSV,
and PSV is a blood vessel of arterial origin. In addition
to the main factor of elevated VEGF, PSV may also par-
ticipate in the formation of CNV, which is less sensitive
to anti-VEGF treatment. Persistence of PSV flow signal
of arterial origin makes CNV less stable and prone to
rechallenge.

At the same time, we found that a thinner subfo-
veal choroid (choroidal thickness <50 pm) was a risk
factor for mCNV recurrence. Similar to our find-
ings, Ahn et al. reported that subfoveal choroid thick-
ness <47.5 pum was a risk factor for mCNYV recurrence
[8]. A thinner choroid indicates a higher degree of dif-
fuse chorioretinal atrophy, a more severe degree of
macular degeneration [26, 27], and a more severe con-
dition. The loss of large choroidal vessels and/or cap-
illaries in pathological myopia is thought to lead to
hypoxia of RPE and glial cells, the latter is an important

source of VEGF, and the upregulation of VEGF expres-
sion leads to the occurrence of CNV [28]. Some studies
have shown that thicker SFCT is an important factor
for good visual prognosis with anti-VEGF therapy [9,
29]. Thicker SFCT may have relatively abundant choroi-
dal vessels and more intact choroidal capillaries, result-
ing in clinically meaningful improvement in visual
acuity after treatment, whereas thinner SFCT may lead
to choroidal ischemia and subsequent upregulation of
angiogenic factors, and thus result in the recurrence of
mCNV.

We found that after anti-VEGF treatment, the BCVA
of the group with neovascular signal around PSV was
worse (F=9.484, P=0.003, 112P =0.162), suggesting that
the blood flow relationship between PSV and CNV has
an impact on the development and prognosis of mCNV.
At the same time, we observed that in the group with
neovascular signal around PSV, the CNV flow area
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decreased significantly at 1 month, and then increased
at 3 months and 6 months, suggesting the instability of
CNV with worse prognosis.

The study has several limitations. First, the study
is retrospective in nature with a small sample size.
To prove the hypothesis, a well-designed prospective
study with a large sample size is required. Second, dif-
ferent anti-vascular endothelial growth factor drugs
injected into the vitreous cavity may have an effect on
the curative effect to some extent. Third, ICGA was
not performed in each patient to confirm the source
of intrascleral vessels seen on structural OCT images.
Further studies with larger samples will be necessary to
corroborate our results.

Conclusions

We found the 39.2% of the eyes had at least one recur-
rence during the follow-up period. When there is neovas-
cular signal of mCNYV around PSV, the results of BCVA
are poorer, the recurrence probability is higher, and the
recurrence time is shorter, which is one of the risk factors
for mCNV recurrence. The results from this study will
better guide clinical practice and contribute to a deeper
understanding of the pathological mechanisms of mCNV.

Abbreviations

PSV Perforating scleral vessel

mCNV Myopic choroidal neovascularization
CNV Choroidal neovascularization
anti-VEGF  Anti-vascular endothelial growth factor
BCVA Best-corrected visual acuity

VA Visual acuity

oCcT Optical coherence tomography

OCTA Optical coherence tomography angiography
CFT Central foveal thickness

SFCT Subfoveal choroidal thickness

PRN Pro-re-nata

DCV Dilated choroidal vein
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