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Introduction

Vascular endothelial growth factor (VEGF) is the most im-
portant factor in ocular angiogenesis. Recently developed 
anti-VEGF agents have revolutionized the treatment of many 
retinal diseases. These agents affect both neovascularization 
and permeability, and therefore, in many diseases that could 
result in vision loss, visual acuity can be preserved or in-
creased (1, 2).

Under normal physiological conditions, VEGF is secreted 
by the stroma, epithelium, and the endothelial layers of the 

cornea. VEGF is produced in large amounts by the vessels 
of the limbus and nascent stromal vessels, as well as by kera-
tocytes, but to a lesser extent. Moreover, it has been deter-
mined in experimental studies that VEGF receptors exist on 
the corneal endothelium (3). Anti-VEGF agents could be used 
for the treatment of pathological conditions in the cornea, 
such as corneal neovascularization, as well as retinal disease. 

Petsoglou et al. (4) observed a significant regression of 
corneal neovascularization after subconjunctival bevacizumab 
injections with no adverse effects in terms of central corneal 
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thickness, intraocular pressure, or the number of endothelial 
cells when compared with saline injections. Chalam et al. 
(5) reported in their in vitro safety profile study that beva-
cizumab had no cytotoxic effect in human corneal cells up to 
a concentration of 4 mg/mL.

The aim of the present study was to evaluate the poten-
tial adverse effects of intravitreal injections of different anti-
VEGFs in patients with nonproliferative diabetic retinopathy 
and macular edema and to compare the results by investigat-
ing changes to the corneal endothelium.

Methods

Sixty eyes of 60 patients who received intravitreal injections 
due to diabetic retinopathy and macular edema were inves-
tigated retrospectively. The patients were recruited from 
among individuals who presented at the eye disease clinic 
of the Medical Faculty Hospital of Karabuk University. Ap-
proval for the study was obtained from the ethics committee 
of Karabuk University. IVR was injected into 30 eyes of 30 
patients, and IVA was injected into 30 eyes of another 30 
patients. Ranibizumab (Lucentis; Novartis International AG, 
Basel, Switzerland) and aflibercept (Eylea; Bayer AG, Lev-
erkusen, Germany) were injected at doses of 0.5 mg/0.05 
mL and 2 mg/0.05 mL, respectively. Patients with an ocular 
disease, those who had used an ocular medication or who 
had previously undergone ocular surgery were excluded. 
Specular microscopy measurements were performed using 
an SP-1P device (Topcon Medical Systems, Inc., Oakland, 
NJ, USA). Central corneal thickness (CCT), endothelial cell 
density (CD), coefficient of variation (CV), and hexagonality 
(HEX) parameter values were recorded before the injection 
(O), on the 1st day (1), 7th day (7), and the 30th day (30) af-
ter the injection. The parameters during the intervals were 
compared between the groups.

SPSS for Windows, Version 16.0 (SPSS, Inc., Chicago, IL, 
USA) was used for the statistical analysis. A chi-square test 
was used to compare the groups with respect to gender. 
Student’s t-test was used to determine differences between 
the groups. Measurements before the injection, on the 1st 
day, 7th day, and the 30th day after injection were compared 
using Friedman analysis of variance (ANOVA). Wilcoxon’s 
matched-pairs test was used as a post hoc test after the 
ANOVA analysis. A 2-tailed technique was used and the sig-
nificance level was set at p<0.05.

Results

The mean age of the IVR and IVA groups was 60.70±5.70 
years and 61.30±6.29 years, respectively. There was no sig-
nificant difference between the therapy groups with respect 
to age (p=0.75). Eighteen men and 12 women were included 
in IVR group, and 17 men and 13 women comprised the 

IVA group. There was no significant difference between the 
groups with respect to gender (p=0.057). 

There was no statistically significant difference in the 
CCT value after the injection between the IVR and the IVA 
groups (p=0.08 and p=0.16, respectively) (Table 1 and 2).

No statistically significant difference was observed in the 
IVR group in terms of CD values between measurement in-
tervals (p=0.85) (Table 3); however, a significant difference 
was observed in the IVA group (p=0.03). Binary comparisons 
made with the Wilcoxon test revealed that this difference 
began in the earliest period: the CD value in the first week 

  OCCT 1CCT 7CCT 30CCT

N

Valid 30 30 30 30

Missing 0 0 0 0

Median 537.00 538.00 536.50 537.50

Minimum 502 479 496 492

Maximum 562 560 590 553

Table 1. Median, minimum, and maximum values of central corneal 
thickness measurements before injection (OCCT), on the 1st day 
after injection (1CCT), 7th day after injection (7CCT), and the 30th 
day after injection (30CCT) in the ranibizumab group. 

  OCCT 1CCT 7CCT 30CCT

N

Valid 30 30 30 30

Missing 0 0 0 0

Median 522.50 520.50 519.00 518.50

Minimum 467 467 470 468

Maximum 597 600 596 582

Table 2. Median, minimum, and maximum values of central corneal 
thickness measurements before injection (OCCT), on the 1st day 
after injection (1CCT), 7th day after injection (7CCT), and the 30th 
day after injection (30CCT) in the aflibercept group. 

Table 3. Median, minimum, and maximum endothelial cell density 
measurements in the ranibizumab group before injection (0CD), on 
the 1st day after injection (1CD), 7th day after injection (7CD), and 
the 30th day after injection (30CD). 

  OCD 1CD 7CD 30CD

N

Valid 30 30 30 30

Missing 0 0 0 0

Median 2667.50 2729.00 2689.00 2695.00

Minimum 1078 1139 1144 1154

Maximum 3015 2942 3324 3161
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(2515.00 cells/mm²) was significantly higher than the post-
treatment level (2342.00 cells/mm²) at week 1 (p=0.02). The 
differences between the other intervals were not significant 
(Table 4). This result indicated that the earlier CD disorder 
was resolved quickly. 

No statistically significant difference was observed in 
terms of CV between the measurement intervals in either 
the IVR or the IVA group (p=0.12 and p=0.17, respectively) 
(Table 5 and Table 6).

In the IVR group, a statistically significant difference was 
seen in the HEX values (p=0.02). The median 0HEX value 

was greater than the 30HEX value as a result of progressive 
changes in HEX from the pretreatment period to the last 
examination (p=0.007) (Table 7). There were no statistically 
significant differences in HEX values in the IVA group be-
tween measurement intervals (p=0.69) (Table 8).

Discussion

Anti-VEGFs are effective, recent agents used for the treat-
ment of many ocular diseases. Ranibizumab, which is pro-
duced with recombinant monoclonal antibody technology, 
is a human anti-VEGF antibody fragment that is able to bind 
to all isoforms of VEGF (6). Aflibercept binds VEGFR-1 
and VEGFR-2, which are on VEGF-A, with a higher affinity 
than bevacizumab (7, 8). It also inhibits VEGF-B and placen-
tal growth factor. In vitro studies demonstrated that VEGF 
and its receptor were expressed on the cornea and anterior 
chamber (9, 10). In vitro conditions revealed that neither be-
vacizumab nor ranibizumab had a toxic effect on the corneal 
epithelium or the retina, and to date, routine clinical applica-
tions have not caused toxicity (11-13). However, only a lim-
ited number of in vivo studies have evaluated the effects of 
intravitreal anti-VEGF injections on the corneal epithelium 
(14-16). Furthermore, we found no studies investigating the 
effects of aflibercept on the corneal epithelium.

Table 4. Median, minimum, and maximum endothelial cell density 
measurements in the aflibercept group before injection (0CD), on 
the 1st day after injection (1CD), 7th day after injection (7CD), and 
the 30th day after injection (30CD).

  OCD 1CD 7CD 30CD

N

Valid 30 30 30 30

Missing 0 0 0 0

Median 2342.00 2515.00 2372.00 2331.50

Minimum 1969 2006 1974 2038

Maximum 2975 3012 2670 3030

Table 5. Median, minimum, and maximum coefficient of variation 
before injection (0CV), on the 1st day after injection (1CV), 7th day 
after injection (7CV), and the 30th day after injection (30V) in the 
ranibizumab group.

  OCV 1CV 7CV 30CV

N

Valid 30 30 30 30

Missing 0 0 0 0

Median 31.50 32.00 30.00 31.00

Minimum 27 23 25 29

Maximum 39 42 38 42

Table 6. Median, minimum, and maximum coefficient of variation 
before injection (0CV), on the 1st day after injection (1CV), 7th day 
after injection (7CV), and the 30th day after injection (30V) in the 
aflibercept group.

  OCV 1CV 7CV 30CV

N

Valid 30 30 30 30

Missing 0 0 0 0

Median 30.00 30.00 31.00 31.00

Minimum 22 23 25 24

Maximum 41 38 38 45

Table 7. Median, minimum, and maximum hexagonality values 
before injection (0HEX), on the 1st day after injection (1HEX), 7th 
day after injection (7HEX), and the 30th day after injection (30HEX) 
in the ranibizumab group.

  ÖHEX 1HEX 7HEX 30HEX

N

Valid 30 30 30 30

Missing 0 0 0 0

Median 52.50 54.50 53.00 49.50

Minimum 29 35 38 19

Maximum 66 68 68 62

Table 8. Median, minimum, and maximum hexagonality values 
before injection (0HEX), on the 1st day after injection (1HEX), 7th 
day after injection (7HEX), and the 30th day after injection (30HEX) 
in the aflibercept group.

  OHEX 1HEX 7HEX 30HEX

N

Valid 30 30 30 30

Missing 0 0 0 0

Median 52,00 51,50 51,00 52,00

Minimum 41 48 47 30

Maximum 60 65 62 61
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Yourek et al. (9) reported that although VEGF, VEGF-
1, and VEGF-2 receptors were present in avascular tissue, 
such as the cornea, corneal avascularization was protected 
by balancing fms-related tyrosine kinase 1.In a series of 5 
cases, Bayar et al. (17) observed condensed corneal edema 
after a bevacizumab injection, which might have been the 
result of inhibition of the immune system activation feature 
of VEGF in limbal vessels. However, no pathological corneal 
endothelium was detected and corneal edema was treated 
with steroids in conjunction with antibiotics within 10 days 
in all cases. According to their study, it could be concluded 
that bevacizumab might cause morphological and immuno-
logical changes in the corneal endothelium.

VEGF is normally secreted by the stroma, the epithelium, 
and the endothelium of the cornea, but it is also secreted 
from limbal vessels and keratocytes, albeit to a lesser extent. 
It can be secreted in large amounts in pathological condi-
tions by newly developed stromal vessels. In experimental 
studies, it has been observed that VEGF receptors were 
present in the corneal endothelium. It was reported that 1 
week after an intravitreal injection of either bevacizumab (IVB) 
orranibizumab (IVR), VEGF levels decreased by at least 10-
fold in the aqueous humour, and anti-VEGF antibodies were 
detected in the aqueous humour 29 days after injection (18).

Cho et al. (19) compared the CD in patients aged 23 to 83 
years with type 1 and non-type 1 diabetes mellitus (DM). The 
CD was significantly lower in diabetics (2577.2±27.3 cells/
mm²) compared with nondiabetic subjects (2699.9±38.7cells/
mm²) (p=0.01). The CD was 2617.6±34.3 cells/mm² in pa-
tients with ≤10 years of DM and 2525.7±38.3 cells/mm² in 
those with >10 years of DM. In terms of CD, the difference 
was not significant (p=0.07). Other parameters, such as CV, 
HEX, irregularity, and CCT were significantly higher in pa-
tients with DM than in the non-DM group (p=0.001). How-
ever, Arslan et al. (20) reported that DM had no negative 
effect on endothelium morphology.

Chen et al. (21) reported that they found no significant 
difference in terms of corneal endothelium count, polymor-
phism, polymegathism ratio, or CCT after a single dose of 
2.5 mg bevacizumab after 6 months. Benitez-Herrero et al. 
(14) reported no significant difference with regard to CD, 
CCT, CV, or HEX ratios when they compared these param-
eters before injection, following 3 monthly injections, and 6 
months after the last injection in 52 patients with age-re-
lated macular degeneration.

Hosny et al. (22) showed that intracameral injections of 
1.25 mg/0.05 mL IVB caused no structural changes of corneal 
endothelium morphology. Furthermore, Lichtinger et al. (23) 
found no statistically significant difference in terms of CD, 
CV, HEX, or CCT parameters before and 6 months after 
3 combined subconjunctiva bevacizumab injections for the 

treatment of corneal neovascularization. Kim et al. (24) also 
compared intracameral injections of 0.05 mL bevacizumab 
with 0.05 mL bevacizumab plus balanced salt solution and 
concluded that bevacizumab had no negative effect on CCT 
or CD, and thus it could be used safely.

In our study, we observed no significant differences in 
CV over time between the IVR and IVA groups. In the IVA 
group, HEX values in the post-injection periods showed no 
significant difference compared with the pre-injection pe-
riod. However, HEX values were significantly decreased at 
the 30thday measurement in the IVR group.

The limitations of our study are the number of patients 
included and the short period of patient follow-up. Further-
more, the tissue area analyzed with specular microscopy was 
just a 3-mm thick layer of cornea. Thus, evaluation of the 
cornea periphery was not possible, especially the area close 
to the limbus, which is rich for another blind side.

To the best of our knowledge, this is the first study to in-
vestigate the effect of aflibercept. Moreover, the decrease in 
HEX values in the IVR group is a new topic of discussion. We 
offer this study as a contribution to the current literature.
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