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Abstract
Objective To determine whether subconjunctival or intrastromal administration of anti-VEGF agents is more effective on
suture-induced corneal neovascularization (CoNV) in rabbits.
Methods CoNV was induced in 48 eyes of 24 New Zealand white rabbits by using an 8/0 silk suture. On the 7th day after
suturing, the rabbits were divided into four treatment groups as follows: six rabbits received subconjunctival bevacizumab
(group 1), six rabbits received subconjunctival aflibercept (group 2), six rabbits received intrastromal bevacizumab (group 3)
and six rabbits received intrastromal aflibercept (group 4). On the 7th and 14th days after suturing, the CoNV area was
calculated by standardised analysis of photographs using the Image-J program. On the 14th day after suturing, all rabbits
were sacrificed and then corneal tissue was harvested for the analysis of vascular endothelial growth factor (VEGF)-A,
VEGF-B and placental growth factor (PIGF) levels.
Results On the 7th day after suturing, CoNV areas were 17.10 ± 2.98, 18.88 ± 3.78, 17.36 ± 4.52, 18.57 ± 4.16 and 17.31 ±
2.81 mm2 in the groups 1–4 and control group, respectively. On the 7th day after intervention and removal of suture, CoNV
areas were 4.85 ± 1.99, 6.66 ± 1.73, 2.83 ± 1.08, 2.63 ± 1.16 and 11.93 ± 2.64 mm2 in the group 1–4 and control
group, respectively. CoNV area was reduced by 88.1% and 82.5% in eyes receiving intrastromal aflibercept and
bevacizumab, respectively (both p < 0.001), and by 64.5% and 69.9% in eyes receiving subconjunctival aflibercept
and bevacizumab, respectively (both p= 0.001).
Conclusion Intrastromal anti-VEGF therapy regressed CoNV more effectively than subconjunctival therapy regardless of the
type of anti-VEGF agent.

Introduction

Corneal neovascularization (CoNV), characterised by vas-
cular sprouting from the limbus to clear cornea, commonly
occurs secondarily to ocular chemical burns, post-infection,
ocular surface inflammatory disease and keratoplasty [1].
Management of CoNV is vital because it may result in
sight-threatening complications if it grows into central zone

of the cornea. Furthermore, vascularised host corneas are at
higher risk of corneal transplant rejection with the risk
increasing with each quadrant of vascularisation [2].

In recent decades, anti-VEGF agents such as pegabtanib,
ranibizumab, bevacizumab and aflibercept have been
administered topically or subconjunctivally to treat CoNV
[3–5]. Bevacizumab, a humanised monoclonal antibody that
inhibits all isoforms of VEF-A, is used more often in the
treatment of CoNV compared with other traditional anti-
VEGF agents because it is cost-effective, and has strong
therapeutic efficacy [6]. Aflibercept, a VEGF-Trap mole-
cule, is a relatively new agent that inhibits VEGF-B and
placental growth factor (PIGF) as well as VEGF-A [7]. A
limited number of studies have evaluated the efficacies of
aflibercept and bevacizumab in the treatment of CoNV;
however, some authors have reported that aflibercept is
more effective than bevacizumab [8, 9], while others have
reported that both agents have similar efficacy in reducing
CoNV [5].
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Currently, there is no consensus on whether the ther-
apeutic agent should be administered topically, sub-
conjunctivally or intrastromally. Topical administration has
some disadvantages such as rapid clearance by tears,
variability of corneal penetration and corneal epithelial
toxicity [10, 11]. Therefore, subconjunctival administration
has been widely adopted in treating CoNV [10, 12, 13].
However, it has a disadvantage of rapid elimination from
subconjunctival space by conjunctival blood capillaries.

Experimental studies have focused on topical and sub-
conjunctival administration of therapeutic agents [14].
Knowledge on the intrastromal administration route for the
treatment of CoNV remains limited to a small number of
clinical case series, and one animal study in which bev-
acizumab was delivered in the corneal stromal using a
bevacizumab-coated microneedle [15–17].

Therefore, we aimed to evaluate the effect of sub-
conjunctival and intrastromal injection of anti-VEGFs on an
experimental CoNV model. We also aimed to compare the
efficacies of bevacizumab and aflibercept in
regressing CoNV.

Materials and methods

This experimental study was conducted in accordance with
guidelines on the care and use of animals adopted by the
Society for Neuroscience and Association for Research in
Vision and Ophthalmology. The Animal Experiments Local
Ethics Committee at the University of Abant Izzet Baysal
(Bolu, Turkey) approved the study (Approval No: 2019/15).

Animals

Twenty-four adult male New Zealand White rabbits
weighing 2500–3000 g were involved in this study. We
confirmed that all rabbits had normal avascular corneas
prior to the experiment. All rabbits were housed in a room
with a 12:12-h light–dark cycle. Intramuscular ketamine
hydrochloride (50 mg/kg) and xylazine (5 mg/kg) were
used for deep anaesthesia. Proparacaine hydrochloride
0.5% (Alcaine; Alcon, Fort Worth, TX) was used for topical
corneal anaesthesia. Euthanasia was performed using
cardiac puncture under deep anaesthesia at the end of
the study. Corneal sections were extracted following
euthanasia.

Induction of CoNV

Under general and ocular topical anaesthesia, we placed 8/
0 silk sutures (FSSB, Germany) horizontally on the superior
part of the peripheral cornea in both eyes of each rabbit to
induce CoNV. Sutures were adjusted to 3 mm in length and

1 mm away from the limbus, and the knots and suture ends
were left exposed (Fig. 1A). We instilled moxifloxacin
0.5% (Vigamox, Alcon Laboratories) four times a day for
1 week for bacterial prophylaxis. At the end of the first
week, we examined all rabbits and verified the development
of CoNV.

Treatment protocols

After confirming of CoNV development, all sutures were
removed. We divided the rabbits into four groups according
to the type of treatment. Each group consisted of six rabbits.
After randomising the eyes to intervention and control
groups using flipping a coin method, only one eye of the
rabbits in each group received a single dose of 0.05-mL
anti-VEGF treatment, which were as follows: sub-
conjunctival bevacizumab (1.25 mg/0.05 mL, Avastin;
Genentech and Roche), subconjunctival aflibercept (2 mg/
0.05 mL, Eylea; Regeneron Pharmaceuticals, Bayer, Swit-
zerland), intrastromal bevacizumab (1.25 mg/0.05 mL) and
intrastromal aflibercept (2 mg/0.05 mL), respectively. The
untreated fellow eyes of the rabbits served as the control
group and received subconjunctival or intrastromal
balanced saline solution. Subconjunctival injections were
administered using a Becton–Dickinson (BD, Franklin
Lakes, NJ) 30-gauge needle 1 mm posterior of the limbus
adjacent to the CoNV area (Fig. 1B). Intrastromal injections
were administered using a BD 30-gauge needle 1 mm
anterior of the limbus adjacent to the CoNV area (Fig. 1C).

Analysis of CoNV area

On the 7th and 14th days, standard images were recorded at
a distance of 10 cm at 1 × 1 magnification using a digital
camera (Nikon Coolpix A10, Japan) attached to a light
microscope. In order to standardise the calculation of area, a
millimetre ruler was placed in the neighbourhood of the
CoNV area. Two masked researchers (RKU and AYU)
surrounded the CoNV area manually and calculated its area
by using the Image-J program (Fig. 1D–F) [18]. The aver-
age of two measurements was considered for statistical
analysis.

VEGF-A, VEGF-B and PIGF assay

On 14th day after suturing, all 48 eyes of 24 rabbits were
enucleated. Neovascularized corneal sections were extrac-
ted to a 3 × 3-mm size, as described in previous studies
[5, 19, 20], and maintained at −80 °C. Corneal tissues were
homogenised mechanically after adding phosphate-buffered
saline (0.01 M, pH 7.4). Homogenised samples were cen-
trifuged for 10 min at 8000 rpm and the supernatants were
collected. VEGF-A, VEGF-B and PIGF concentrations in
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supernatants were measured using a sandwich enzyme-
linked immunosorbent assay (ELISA), according to manu-
facturer’s instructions. We used three different ELISA kits
for the measurement of VEGF-A (Rabbit VEGF-A ELISA
kit, MyBioSource, Cat. No: MBS015064), VEGF-B (Rab-
bit VEGF-B ELISA kit, MyBioSource, Cat. No:
MBS2511947) and PIGF (Rabbit PIGF ELISA kit,
MyBioSource, Cat. No: MBS2602252) levels. Absorbance
of ELISA test results was read spectrophotometrically at a
wavelength of 450 nm. VEGF-A, VEGF-B and PIGF levels
were expressed as pg/mL per mg tissue.

Statistical analysis

Before the experiment, the sample size of each group was
defined considering the power of each analysis ≥0.8 in
Gpower 1.3.9.4. version software. We used the SPSS soft-
ware for Windows version 22.0 (Chicago, IL) to analyse
the collected data from the present study. Wilcoxon signed-
rank test was used to compare the CoNV areas at first week
with those at second week. Kruskal–Wallis test was used to
compare the levels of VEGF-A, VEGF-B and PIGF among
the groups, and to determine effect of the interventions
on CoNV compared with control eyes. The Mann–Whitney
U test was also used for pairwise comparison. We presented
the outcomes by using boxplots because of the

nonparametric distribution of the collected data. A p value
< 0.05 was considered as statistically significant.

Results

Morphologic evaluation of CoNV area

In all eyes, the development of the CoNV in the quadrant
where the suture is placed validated the model employed.
CoNV areas decreased significantly in all groups. In control
group, eyes received subconjunctival injection and eyes
received intrastromal injection were similar with regard to
CoNV areas at first and second weeks (18.02 ± 4.40 mm2

vs. 16.59 ± 2.01 mm2 at first week, p= 0.776; 12.72 ± 2.81
mm2 vs. 11.15 ± 3.91 mm2 at second week, p= 0.847).
Combining the data from these eyes, we considered a single
control group, when comparing them with intervention
groups. One week after the induction of neovascularization,
CoNV areas were calculated as 17.10 ± 2.98, 18.88 ± 3.78,
17.36 ± 4.52, 18.57 ± 4.16 and 17.31 ± 2.81 mm2 in the
groups 1–4 and control group, respectively. One week after
the intervention and removal of suture, CoNV areas were
calculated as 4.85 ± 1.99, 6.66 ± 1.73, 2.83 ± 1.08, 2.63 ±
1.16 and 11.93 ± 2.64 mm2 in the groups 1–4 and control
group, respectively. Extent of CoNV was significantly

Fig. 1 Interventions to the cornea and measurement of CoNV area.
A 8/0 silk suture placement on the superior part of the cornea.
B Subconjunctival administration technique. C Intrastromal

administration technique. D Standard imaging of CoNV area and
adjacent ruler. E Magnified CoNV area without marking. F Magnified
CoNV area surrounded by manual marking.
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decreased in eyes receiving intrastromal anti-VEGF
administration. CoNV area was reduced by 88.1% and
82.5% in eyes receiving intrastromal aflibercept and bev-
acizumab, respectively (both p < 0.001), and by 64.5% and
69.9% in eyes receiving subconjunctival aflibercept and
bevacizumab, respectively (both p= 0.001). Table 1 shows
the change in CoNV areas for each group. Furthermore,
change of CoNV areas in each group is represented by
images in Fig. 2. In pairwise comparison with the control
group, all intervention groups showed higher change in
CoNV area (p= 0.010 for subconjunctival bevacizumab vs.
control, p= 0.005 for subconjuctival aflibercept vs. control,
p= 0.003 for intrastromal bevacizumab vs. control, and p <
0.001 for intrastromal aflibercept vs. control) (Fig. 3A).

Regardless of the administration route, when eyes treated
with bevacizumab were compared with those treated with
aflibercept, changes in CoNV areas were similar (13.39 ±
4.56 mm2 and 14.32 ± 4.08 mm2, respectively, p= 0.602,
Fig. 3B). Regardless the type of anti-VEGF received, eyes
treated with intrastromal injection showed higher change in
CoNV area compared with those with subconjunctival
injection (15.48 ± 4.47 mm2 and 12.23 ± 3.49 mm2 respec-
tively, p= 0.039, Fig. 3C).

Evaluation of VEGF-A, VEGF-B and PIGF levels

The highest VEGF-A levels (439.6 ± 52.7 pg/mL/mg tissue)
were observed in the control group, and the lowest VEGF-A
levels (221.6 ± 57.5 pg/mL per mg tissue) were in the
intrastromal bevacizumab group. The highest VEGF-B
levels (601.7 ± 115.2 pg/mL per mg tissue) were observed
in the subconjunctival bevacizumab group, and the lowest
VEGF-B levels (246.2 ± 54.5 pg/mL per mg tissue) were in
the intrastromal aflibercept group. The highest PIGF levels
(34.0 ± 5.2 pg/mL per mg tissue) were observed in the
intrastromal bevacizumab group, and the lowest were in the
intrastromal aflibercept group (19.3 ± 4.1 pg/mL per mg

tissue). Table 2 shows the VEGF-A, VEGF-B and PIGF
levels for each group. Regardless of the administration
route, eyes treated with aflibercept showed the lowest
VEGF-B and PIGF levels (295.9 ± 91.6 and 21.9 ± 5.4 pg/
mL per mg tissue). Both the aflibercept- and bevacizumab-
treated groups had similar VEGF-A levels (p= 0.619).
Regardless the type of anti-VEGF received, eyes treated
with intrastromal injections showed lower VEGF-A levels
compared with those with subconjunctival injections (230.3
± 50.3 and 301.5 ± 31.7 pg/mL per mg tissue, respectively,
p= 0.001).

Discussion

In the present study, the highest percentage reduction in
CoNV (88.1%) was observed in the intrastromal aflibercept
group, and the lowest percentage reduction in CoNV
(30.3%) was observed in the control group. Intrastromal
intervention groups showed more decrease in CoNV area
compared with the subconjunctival intervention groups.
Furthermore, both bevacizumab- and aflibercept-treated
groups showed similar decrease in CoNV area.The vessels
continue to mature into the second week post suturing, and
therefore earlier suture removal results in some spontaneous
regression, as observed in our control group. However,
retained sutures require antibiotic drops for bacterial pro-
phylaxis. Suture removal was performed on the 7th day in
order to avoid the possible interaction of antibiotic drops
with bevacizumab, aflibercept or angiogenesis process. The
present study is the first to investigate the effectiveness of
the intrastromal injection of anti-VEGFs by comparing it
with the subconjunctival injection. We used both anti-
VEGF agents at their intravitreal concentrations, which
were commercially available.

In recent decades, various anti-neovascular or anti-
inflammatory agents including pegaptanib [4], ranibizumab

Table 1 Reduction in CoNV area in the groups.

Groups CoNV area (mm2)
(first week)

CoNV area (mm2)
(second week)

Change in CoNV
area (mm2)

Percentage of reduction in
CoNV area (%)

Pa

Control 17.31 ± 2.81 11.93 ± 2.64 5.29 ± 3.20 30.3% 0.028*

Subconjunctival
bevacizumab

17.10 ± 2.98 4.85 ± 1.99 12.25 ± 4.28 69.9% 0.001***

Subconjunctival aflibercept 18.88 ± 3.78 6.66 ± 1.73 12.21 ± 2.91 64.5% 0.001***

Intrastromal bevacizumab 17.36 ± 4.52 2.83 ± 1.08 14.53 ± 4.93 82.5% <0.001***

Intrastromal aflibercept 18.57 ± 4.16 2.63 ± 1.16 16.43 ± 4.19 88.1% <0.001***

Pb 0.851 <0.001*** 0.007**

Bold values indicate statistical significance.
aWilcoxon signed-rank test was used to compare the CoNV areas at first week (before the treatment) with those at second week (1 week after the
treatment).
bKruskal–Wallis test was used to compare the CoNV areas at first and second week, and the change in CoNV area among the groups.
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[21], infliximab [20], methotrexate [22], suramin [23],
doxycycline [24] and steroids [25] have been tried in the
treatment of CoNV; however, bevacizumab has been more
accepted because it is easily accessible, inexpensive and
effectively inhibits CoNV [14]. Previous studies reported
favourable outcomes in the treatment of CoNV when bev-
acizumab was used alone [26] or in combination with angio-
occlusive treatments such as argon laser photocoagulation
[27] or photodynamic therapy [19]. Moreover, Petsoglou
et al. [28], in a randomised controlled clinical trial, found
that three subconjunctival injections of 2.5 mg/0.1 mL bev-
acizumab were more effective than placebo in regressing of
recent-onset CoNV. Recently, aflibercept, a relatively new
agent, has been shown to have successful outcomes in
regressing choroidal neovascularization [29]. This prompted
corneal specialists to investigate the efficacy of aflibercept in
the treatment of CoNV. Some authors studying on rabbits
model of suture-induced CoNV reported that, similar to the
present study, aflibercept was similarly effective to bev-
acizumab in treating CoNV [5], whereas others studying on

rats alkali burn model reported that aflibercept was more
effective than bevacizumab [8, 9]. However, Yu et al. [30]
revealed that bevacizumab poorly interacted with murine
VEGF-A using western bolt analysis. This study might
explain why aflibercept was more effective in previous
experiments using rats. In the present study, although afli-
bercept, unlike bevacizumab, effectively inhibited VEGF-B
and PIGF, this appeared to make no significant contribution
to CoNV reduction.

In the treatment of CoNV, the route of drug adminis-
tration is as important as determining the most effective
drug. Numerous studies have been conducted in order to
investigate more effective and safer administration route of
the therapeutic agents for treatment of CoNV. A limited
number of experimental studies reported that topical bev-
acizumab and subconjunctival bevacizumab were similarly
effective in regressing CoNV [31, 32]. By contrast, Dast-
jerdi et al. [10] revealed that subconjunctival bevacizumab
penetrated into the cornea more than topical bevacizumab in
an experimental study. Rocher et al. [12] reported that

Fig. 2 Representative images
of each group before and
1 week after the treatment.
A, B CoNV areas in the control
group before and 1 week after
the saline injection. C, D CoNV
areas in the subconjunctival
bevacizumab group before
and 1 week after the injection.
E, F CoNV areas in the
subconjunctival aflibercept
group before and 1 week after
the injection. G, H CoNV areas
in the intrastromal bevacizumab
group before and 1 week after
the injection. I, J CoNV areas in
the intrastromal aflibercept
group before and 1 week after
the injection.

Intrastromal versus subconjunctival anti-VEGF agents for treatment of corneal neovascularization: a. . . 3127



subconjunctival bevacizumab was more effective than
topical bevacizumab in binding to VEGF-A. Furthermore,
Bhatti et al. [13] showed that subconjunctival bevacizumab
was more effective compared with topical bevacizumab in
patients with CoNV. Therefore, the subconjunctival route
for bevacizumab has been accepted more.

Recently, some researchers have been investigating new
administration routes for the treatment of CoNV because
of the association of subconjunctival administration with
systemic adverse effects and rapid elimination of drug
from the subconjunctival space. Accordingly, Sarah et al.
[16] reported that intrastromal bevacizumab successfully
regressed CoNV in their case series involving 25 patients.

Gupta et al. [15] reported that intrastromal administration of
bevacizumab offered effective and durable inhibition of
VEGF-A in patients with CoNV. Kim et al. [17] delivered
bevacizumab intrastromally using a bevacizumab-coated
microneedle, not injecting it directly into the corneal
stroma, and reported intrastromal delivery of bevacizumab
inhibited the CoNV strongly. Furthermore, Yeung et al. [33]
reported favourable outcomes after combined intrastromal
and subconjunctival administration of bevacizumab in
patients with CoNV. Taking the aforementioned studies and
the present study together, the intrastromal administration
route seems to have greater efficacy compared with other
application routes in regressing CoNV. All these favourable

Fig. 3 Percent reductions in CoNV areas in different treatment
groups. Percent reductions in CoNV area were 30.3% in the control
group, 69.9% in the subconjuctival bevacizumab group, 64.5% in the
subconjunctival aflibercept group, 82.5% in the intrastromal bev-
acizumab group and 88.1% in the intrastromal aflibercept group (p*=
0.007). In pairwise comparison of each group with the control group,
p#= 0.010 for subconjunctival bevacizumab vs. control, p#= 0.005
for subconjuctival aflibercept vs. control, p#= 0.003 for intrastromal
bevacizumab vs. control, and p# < 0.001 for intrastromal aflibercept vs.
control. A Percent reductions in CoNV area were 76.2% in the

bevacizumab group, and 76.3% in the aflibercept group, regardless of
the administration route (p*= 0.001), p#= 0.002 for bevacizumab vs.
control, p#= 0.001 for aflibercept vs. control, p#= 0.609 for bev-
acizumab vs. aflibercept). B Percent reductions in CoNV area were
67.2% in the subconjunctival group, and 85.3% in the intrastromal
group, regardless of the type of anti-VEGF. (p* < 0.001). In pairwise
comparison, p#= 0.005 for subconjunctival injection vs. control, p# <
0.001 for intrastromal injection vs. control, p#= 0.039 for sub-
conjunctival injection vs. aflibercept injection). *Kruskal–Wallis test,
#Mann–Whitney U test.

Table 2 VEGF-A, VEGF-B and
PIGF levels in each group.

Groups VEGF-A (pg/mL per mg
tissue)

VEGF-B (pg/mL per mg
tissue)

PIGF (pg/mL per
mg tissue)

Control 439.6 ± 52.7 573.7 ± 102.3 30.4 ± 5.5

Subconjunctival bevacizumab 298.1 ± 31.9 601.7 ± 115.2 32.7 ± 7.3

Subconjunctival aflibercept 304.8 ± 49.2 345.7 ± 97.8 24.6 ± 5.4

Intrastromal bevacizumab 221.6 ± 57.5 560.5 ± 93.0 34.0 ± 5.2

Intrastromal aflibercept 239.0 ± 45.7 246.2 ± 54.5 19.3 ± 4.1

pa <0.001*** <0.001*** 0.003**

Bold values indicate statistical significance. Regarding VEGF-A level, in pairwise comparison with the
control group, all intervention groups showed lower VEGF-A levels than the control group (p= 0.004
for subconjunctival bevacizumab vs. control, p= 0.010 for subconjuctival aflibercept vs control, p < 0.001
for intrastromal bevacizumab vs. control, and p < 0.001 for intrastromal aflibercept vs. control). Regarding
VEGF-B level, in pairwise comparison with the control group, aflibercept groups showed lower VEGF-B
levels than the control group (p= 1.000 for subconjunctival bevacizumab vs. control, p= 0.027 for
subconjuctival aflibercept vs. control, p= 1.000 for intrastromal bevacizumab vs. control, and p= 0.002 for
intrastromal aflibercept vs. control). Regarding PIGF level, in pairwise comparison with the control group,
only the intrastromal aflibercept group showed lower PIGF levels than the control group (p= 1.000
for subconjunctival bevacizumab vs. control, p= 0.636 for subconjuctival aflibercept vs. control, p= 0.964
for intrastromal bevacizumab vs. control, and p= 0.031 for intrastromal aflibercept vs. control).
aKruskal–Wallis test.
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outcomes after intrastromal bevacizumab administration
might be explained by the direct injection of bevacizumab
into the neovascularization area and long-term elimination
of the bevacizumab because of the avascular structure of
cornea.

The present study possesses two major limitations. First,
we evaluated corneas according to their clinical appearance,
not by using a confocal microscope; therefore, we could not
report whether the intrastromal agents had an effect on
endothelial cells. However, Lichtinger et al. [34] demon-
strated that both subconjunctival and intrastromal bev-
acizumab caused no change in endothelial cell count
and morphology with repetitive administration in patients
with CoNV. Second, we reported the effect of anti-VEGFs
on early-formed CoNV. However, previous studies
demonstrated that the effect of anti-VEGFs on late-
formed CoNV was limited compared with early-formed
CoNV [35–37].

Although this study suggests that intrastromal route for
administration of anti-VEGFs may be more effective than
subconjunctival route in regressing CoNV, in clinical
practice, it should be born in mind that Descemet’ mem-
brane perforation and detachment may occur during the
intrastromal injection. However, these complications
can be easily eliminated by performing intrastromal injec-
tion under the operating microscope and injecting the drug
slowly.

In conclusion, the present study showed that intrastromal
administration of anti-VEGF agents was more effective in
regressing CoNV compared with subconjunctival adminis-
tration. Although aflibercept inhibited VEGF-B and PIGF
as well VEGF-A, this did not make any contribution to the
reduction of CoNV. Further clinical studies comparing
different administration routes of anti-VEGFs in the treat-
ment of early- and late-formed CoNV should be designed.

Summary

What was known before

● Subconjunctival injection of bevacizumab was accepted
as the mainstay of the medical treatment of CoNV.

What this study adds

● Intrastromal injection of anti-VEGF agents give rise to
greater regression of CoNV compared with subconjunc-
tival injection of them.

● Both aflibercept and bevacizumab seem to have similar
efficacy on early-formed CoNV.
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