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Abstract
Purpose: The study aimed to evaluate and correlate between the levels of
vascular endothelial growth factor (VEGF) in serum and aqueous humor in
cases of neovascular glaucoma (NVG) to stand up on if it can be used as a
marker for early detection of such cases. Methods: This observational case
control study included 60 eyes, divided into 3 groups, group A of 30 eyes presented by cataract of different causes (not diabetic patients and no signs of
NVG) as a control group and group B of 30 eyes with NVG due to different
causes, group C of the same eyes in group B but after one month of treatment
by intravitreal bevacizumab and laser treatment by pan retinal photocoagulation (PRP). Serum VEGF was estimated in all groups, also aqueous humor
VEGF was estimated in group A and B only. In addition glycosylated hemoglobin (HbA1c) was estimated in group B; statistical analysis of the results was
performed. Results: The study revealed that the commonest cause of NVG
was proliferative diabetic retinopathy (PDR) in 26 cases (86.7%), HbA1c in
group B revealed mean value 7.68% ± 2.75%. Serum VEFG level in the group
B of cases of NVG was significantly higher than the control group A (P <
0.001), and moderate significantly lower than group C of treated NVG by
intravitreal bevacizumab injection and PRP (P < 0.05). Also aqueous VEGF
level in group B was increased significantly from control group A (P < 0.001).
In group B, the study reported a positive correlation between serum VEGF
(S-VEGF) and aqueous humor VEGF (A-VEGF) levels (r = 0.638) with a high
significant result (P < 0.001). Also, there was positive correlation between
HbA1c and VEGF in serum (r = 0.409) with a moderate significant result (P <
0.05) But there was no correlation between HbA1c and VEGF in aqueous
humor (r = 0.327) with an insignificant result (P > 0.05). Conclusions: VEGF
is considered a good marker for the NVG either in serum or aqueous humor,
laser treatment and the use of anti-VEGF are crucial treatment for such cases,
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and also glycemic control is a must for regulation of the vascular process in
diabetic patients for prevention of such ocular neovascularization.
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1. Introduction
Vascular endothelial growth factor (VEGF), as an endothelial cell-specific mitogen, it is liberated from the endothelial lining of the blood vessels in response to
tissue ischemia in different parts in the body. It is the predominant factor in new
vascular formation or neovascularization. Many studies evaluated the relationship between VEGF and different diseases in the body, some relations were not
clarified. Since 1996, VEGF is considered one of the important factors that
eliminated from the endothelial cells lining of the retinal capillaries in respond
to ischemic retinal conditions leading to many ocular manifestations [1] [2] [3].
Neovascular glaucoma (NVG) is one the serious ocular conditions that facing
ophthalmologists, resulting from liberation of VEGF secondary to ischemic retinal conditions such as proliferative diabetic retinopathy and retinal vein occlusion. The use of anti-VEGF is currently promising agent, supported by several
studies suggesting better visual prognosis and good intraocular pressure (IOP)
control following anti-VEGF injections [4] [5] [6].
Retinal laser treatment by pan retinal photocoagulation (PRP) is one of the
important treatment strategies in management of NVG, the use of anti-VEGF
agents as bevacizumab can also play a similar rule in such management. Many
studies stated that the intraocular injection of bevacizumab either intravitreal or
intracameral can achieve a good control of IOP in cases of NVG [7] [8] [9] [10].
Measuring of VEGF either in the serum or aqueous can be a good method in
monitoring the neovascular processes in cases with ischemic retinal conditions
especially diabetic ones. Many studies reported that serum and aqueous VEGF
increased in cases of NVG and proliferative diabetic retinopathy (PDR). So it is
considered a good angiogenesis indicator for the progression and regression of
the neovascular process in such cases. But some studies stated that estimation of
VEGF in aqueous humor was more accurate in association of ocular ischemia
rather than serum level due to the affection of the serum level of VEGF by other
ischemic conditions in the body especially in diabetic patients [11] [12] [13]
[14].
The present study was performed to correlate between the level of VEGF in
both serum and aqueous humor in cases with NVG without studying any other
contributing factors in the body, in a trial for early laboratory detection of ocular
new vessels formation which may be beneficial for early treatment and prevention of blindness.
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2. Patients and Methods
This observational case control study was performed at the Zagazig University
Hospital, Egypt, from February 2016 to December 2016. The study was performed according to WMA Declaration of Helsinki-Ethical Principles for Medical Research Involving Human Subjects. A written consent was obtained after
the study information was explained.
The study included randomly selected 60 eyes, divided into 3 groups, group A
of 30 eyes presented by cataract of different causes (not presented by NVG) as
control group and group B of 30 eyes with NVG due to different causes, group C
of the same eyes in group B but after one month of treatment by intravitreal bevacizumab and laser treatment by PRP.
Criteria of selection of the control group A:
-

Randomly selected patients with immature cataract of different causes preparing for cataract extraction.

-

Non diabetic persons, by normal laboratory estimation of glycosylated hemoglobin (HbA1c) (below 6%) and normal fasting blood glucose (below 110
mg %).

-

No signs of NVG (normal iris by slit lamp examination) and angle (by goldmann 3 mirror angle examination). Also no signs of PDR or retinal vascular
occlusion (by indirect ophthalmoscopy in a dilated pupil).
Criteria of selection of group B:

-

Patients with NVG due to different causes (By elevated IOP, Reobeosis iridis
or iris neovascularization by slit lamp examination) or angle neovascularization by gonioscopy as in group A).

-

Cases with PDR or retinal vein occlusion.

-

Clear ocular media (cornea, lens and vitreous).
Criteria of group C:

-

The same cases of group B with NVG.

-

Cases were subjected to single dose of intravitreal of bevacizumab 0.05 ml
containing 1.25 mg (Avastin 100 mg/4ml, Roche Ltd, Basel), under aseptic
conditions at ophthalmic operative room, followed after 2 weeks by retinal
laser treatment, with 1000 - 1400 burns (in 2 or 3 sessions), 200 - 250 μm spot
size, and energy of 250 - 800 MW (Nidek double frequency Yag Laser GYC1000).
Group A, B were subjected to estimation of VEGF in aqueous humor sample

(0.05 ml - 0.1 ml) by anterior chamber paracentesis in control group A during
cataract extraction by phacoemulsification and in group B of NVG cases after
intravitreal bevacizumab injection using 28 gauge syringes under aseptic conditions at ophthalmic operation room. Samples were subjected to laboratory estimation of VEGF using Human VEGF Quantitative Elisa Kit (R&D Systems a
biotechne brand) assay range (31.2 - 2000 pg-mL). Also, HbA1c was estimated in
cases of group B.
Serum level of VEGF in all groups was estimated via venous blood sample by
the same kits, in the control group immediately before cataract surgery, in group
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B immediately before the intravitreal injection and in group C after one month
of laser treatment and intravitreal injection of bevacizumab.
Data was collected and subjected to statistical analysis using One Way Anova
and determination of P value (P > 0.05 insignificant), (P < 0.05 moderate significant), and (P < 0.001 highly significant). Also paired T test was performed for
statistical analysis of the levels of aqueous humor VEGF and P value determination.

3. Results
The demographic data in the control group A revealed that 18 (60%) were male
and 12 (40%) were female. Age ranged from 29 to 65 years with a mean age of
(44.51 ± 9.21) years. Group B, C revealed that 21 (70%) were male and 9 (30%)
were female. Age of the patients ranged from 39 to 70 years with a mean age of
(50.01 ± 9.11) years.
As regards to the causes of NVG in group B and C, PDR in 26 (86.7%) cases
and central retinal vein occlusion in 4 (13.3%) cases.
Estimation of HbA1c in group B revealed that the mean value of HbA1c was
7.68% ± 2.75%.
Serum VEGF level in the group B of cases of NVG was (356.88 ± 68.45) pg-ml
increased significantly from the control group A (112.54 ± 65.13) pg-ml (P <
0.001), and also differed significantly from group C of treated NVG by intravitreal bevacizumab injection and retinal laser treatment which revealed decrease
in the level of VEGF but not reached to the level of the control group (232.65 ±
56.65) pg-ml (P < 0.05) moderate significant.
The study revealed that aqueous VEGF level in group B was (832.88 ± 96.44)
pg-ml increased significantly from the control group A (206.5 ± 45.84) pg-ml
(P < 0.001) by paired T test, and reporting that the level of VEGF in aqueous
humor was more higher than in serum and both were increased significantly
than the control group (Table 1).
Table 1. The demographic and laboratory findings in all groups.
Sex
Age in years

Female

No.

%

No.

%

HbA1c
%

Serum
VEGF
pg-ml

Aqueous
VEGF
pg-ml

Group A

44.51 ± 9.21

18

60

12

40

<6

112.54 ± 65.13*

206.5 ± 45.84****

Group B

50.01 ± 9.11

21

70

9

30

7.68 ± 2.75

356.88 ± 68.45**

832.88 ± 96.44*****

Group C

50.01 ± 9.11

21

70

9

30

-------

232.65 ± 56.65***

-------------

Statistical
Tests
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Male

One Way Anova
P < 0.001
high significant
between *, **
P < 0.05
moderate significant
between **, ***

Paired T test
between ****, *****
P < 0.001 High significant
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In group B, the study reported a positive correlation between serum VEGF
(S-VEGF) and aqueous humor VEGF (A-VEGF) levels (r = 0.638) with a high
significant result (P < 0.001) (Figure 1).
Also, there was positive correlation between HbA1c and VEGF in serum (r =
0.409) with a moderate significant result (P < 0.05) But there was no correlation
between HbA1c and VEGF in aqueous humor (r = 0.327) with an insignificant
result (P > 0.05) (Figure 2 and Figure 3).

4. Discussion
The present study was limited in correlation between the level of VEGF in both
serum and aqueous humor in cases with NVG without studying any other contributing factors in the body. As new vessels formation may be developed secondary to tissue ischemia due to liberation of VEGF; these vessels may be beneficial in some parts of the body and may be harmful in some parts. Ocular neovascularization is considered one of the harmful problems facing ophthalmologist secondary to retinal ischemia, NVG is a serious ocular complication secondary to this ischemic process. Many studies as Pe’er et al. (1996) [3], Hsu et al.
(2016) [15] and the present study aimed at early laboratory detection of ocular
neovascularization before clinical detection in a trial for early treatment and
saving for vision. This aim was achieved, as the present study reported a high
significant increase in both serum and aqueous VEGF (P < 0.001) in patients
with NVG in comparison to the control group in agree with many studies as Tolentino et al. (1996) [2] and Mahdy et al. (2010) [11].
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Figure 1. Correlation between serum VEGF (S-VEGF) and aqueous humor VEGF (AVEGF) levels (pg-ml) (r = 0.638) high significant (P < 0.001).
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Figure 2. Correlation between HbA1c (%) and serum VEGF (pg-ml) (S-VEGF) levels (r =
0.409) moderate significant (P < 0.05).
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Figure 3. Correlation between HbA1c (%) and aqueous humor VEGF (pg-ml) (A-VEGF)
levels (r = 0.327) insignificant (P > 0.05).

Diabetes mellitus is considered one of the main causes of vascular angiopathies all over the body. Either macro or micro angiopathies can induce tissue
ischemia and hence liberation of VEGF for compensating angiogenesis. So some
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studies as Maier et al. (2006) [16] stated that estimation of the level of VEGF in
the aqueous humor and vitreous is more accurate in detection of ocular neovascularization rather than the serum by according to their results, but the present
study and many studies as Tolentino et al. (1996) [2], Pe’er et al. (1996) [3] and
Mahdy et al. (2010) [11] agree in a conclusion that serum VEGF increased significantly in cases of ocular neovascularization. Also the present study reported a
positive correlation between serum and aqueous level of VEGF in diabetic patients with NVG and also reported a significant decrease (p < 0.05) in serum level of VEGF after laser treatment and intravitreal injection of bevacizumab and
the study did not apply aqueous level estimation of VEGF after the treatment to
minimize the hazards for the patients. These results agreed with many studies as
Park et al. (2012) [5] and Wang et al. (2015) [4] who stated that retinal laser
treatment and the use of anti-VEGF were a crucial treatment for NVG by the
evidence of decrease in the level of VEGF either in serum or aqueous or vitreous.
So that, all these results leading to the importance of regular estimation of serum
VEGF can be a good monitoring for the neovascularization.
As regarding to the causes of NVG, the present study reported PDR in 26
(86.7%) cases and central retinal vein occlusion in 4 (13.3%) cases in agreement
with the study of Liao et al. (2016) [17] who stated that Diabetic retinopathy was
the commonest cause for NVG.
About the relation between the control of glucose blood level and VEGF, the
present study reported that there was a positive correlation between HbA1c and
VEGF in serum (r = 0.409) with a moderate significant result (P < 0.05) But
there was no correlation between HbA1c and VEGF in aqueous humor (r =
0.327) with an insignificant result (P > 0.05) in agreement with Hanefeld et al.
(2016) [18] who concluded the same results as regarding to the relation of serum
VEGF and glycemic control in diabetic patients, the insignificant correlation
between HbA1c and aqueous humor VEGF level may be dependent on other
factors in relation to the aqueous blood barrier or other unknown factors.

5. Conclusion
VEGF is considered a good marker for the NVG either in serum or aqueous
humor, laser treatment and the use of anti-VEGF are crucial treatment for such
cases, and also glycemic control is a must for regulation of the vascular process
in diabetic patients for prevention of such ocular neovascularization. Further
studies about other specific angiogenic markers are needed for more evaluation
of the ischemic process in diabetic patients.
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