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Background: The most common cause of visual impairment in patients with diabetic
retinopathy is the pathology progression to the proliferative stage which is accompanied
by apparent fibrovascular proliferation, development of tractional retinal detachment
and/or vitreous hemorrhage. Vascular endothelial growth factor (VEGF) is the most
important in the pathogenesis of ocular microvascular changes in diabetes.

Purpose: To assess vitreous VEGF levels in the proliferative diabetic retinopathy
(PDR) patients not initially treated with anti-VEGF agents, depending on the general
clinical status and ocular status.

Material and Methods: Forty-one patients (45 eyes) aged 19 to 81 years with
neovascular glial PDR and epiretinal membrane with a marked proliferative component
were involved in the study. Each patient underwent a 25G three-port vitrectomy during
which a vitreous specimen was collected. Vitreous VEGF levels were determined by a
three-step enzyme-linked immunosorbent assay.

Results: We managed to assess total vitreous VEGF levels in 44 of the 45 eyes. Patients
with PDR had elevated total vitreous VEGF levels, with a mean value of 757.69 + 117
pg/ml, confirming the involvement of VEGF in pathological intraocular angiogenesis.
There was a significant difference in vitreous VEGF levels between PDR patients with
a fibrovascular membrane with a marked proliferative component (997.0+151.8 pg/
ml) and those with a fibrovascular membrane with a moderate proliferative component

proliferative diabetic retinopathy

Introduction

Ocular complications of diabetes mellitus (DM) are a
major cause of blindness and visual impairment among
the population aged younger than 50 years. The most
common cause of visual impairment in patients with
diabetic retinopathy is the pathology progression to the
proliferative stage which is accompanied by apparent
fibrovascular proliferation, development of tractional
retinal detachment and/or vitreous hemorrhage [1-4].
Vascular endothelial growth factor (VEGF) is believed
to be the most important in the pathogenesis of ocular
microvascular changes in diabetes. In 1982 the name
vascular endothelial growth factor was first used to denote
endothelium specific mitogenic activity isolated from calf
retina [5]. VEGF-A exists as a homodimeric glycoprotein
comprised of two identical 23 kDa subunits, and is the
most important for control of endothelial cell formation
and proliferation during human angiogenesis [6]. VEGF-A
expression is activated under conditions of hypoxia either
through an increased VEGF-A transcription or through a
3- to 8-increase in the VEGF-A mRNA half time [7, 8].
Low constitutive expression of VEGF mRNA has been

(244.9 + 53.7 pg/ml) (F = 10.3; p = 0.0025).

demonstrated in almost all tissues of the normal eye, most
notably in the ciliary body, conjunctiva, RPE/choroid,
and lens [5]. Pericytes, vascular endothelial cells, retinal
glia and Muller cells are involved in the synthesis of this
cytokine in the retina [9, 10].

The receptors for VEGF-A have been found in
endothelial cells and pericytes of retinal and choroidal
vessels, retinal glia cells, retinal pigment epithelial
cells, and corneal endothelial cells [11]. There is much
experimental evidence of its proangiogenic role and its
effect on retinal vascular permeability.

VEGF-A is mitogenic for cultured vascular and
lymphatic endothelial cells and stimulates their migration
and tube formation, the so called ‘angiogenesis in vitro’
[5, 12]. The above properties contribute to its significant
role in the pathogenesis of diabetic retinopathy. The
involvement of VEGF-A in retinal lesions in diabetes has
been demonstrated in experimental animal models [13,
14].
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VEGTF levels in the vitreous, subretinal fluid and serum
were found to vary with pathological changes in the retina
and vitreous [15-17]. In addition, it is in proliferative
diabetic retinopathy (PDR) that vitreous VEGF levels
are commonly highest. There are numerous studies on
VEGF in PDR, but there is no general agreement on the
correlation of VEGF levels with the general clinical status
and ocular status of patients with DM. Therefore, the
purpose of the study was to examine the relationships of
the general clinical status (type and duration of diabetes
and severity of arterial hypertension) and ocular status
with total VEGF vitreous levels among PDR patients not
initially treated with anti-VEGF agents.

Material and Methods

This was a pilot open prospective interventional
study of 41 patients (45 eyes) aged 19 to 81 years with a
neovascular glial form of proliferative diabetic retinopathy
(PDR) as graded by the Pasyechnikova-Naumenko system
[18]. There were 28 women (32 eyes) and 13 men (13
eyes). Of the 41 patients, 9 (11 eyes; age, 19 to 61 years)
had type 1 diabetes and 32 (34 eyes; age, 19 to 61 years)
had type 2 diabetes. The blood glucose levels ranged from
7.0 mmol/l to 14 mmol/l, and diabetes duration ranged
from 2 years to 20 years.

The proliferative process was characterized by the
development of fibrovascular epiretinal membrane
(FERM) in all patients. In addition, no retinal detachment
was seen in two eyes, a threat to the macula from tractional
retinal detachment (TRD), in 14 eyes, TRD with macular
involvement, in 22 eyes, and combined tractional and
rhegmatogenous retinal detachment (TRRD), in 7 eyes.
Moreover, vitreous hemorrhage was observed in 37 eyes
(particularly, retrohyaloid hemorrhage, in 3 eyes, and
partial vitreous hemorrhage, in 34 eyes).

Patients were divided into three groups depending
on the blood pressure (BP) graded according to the 2007
WHO grading system in order to determine the relationship
between the severity of arterial hypertension and vitreous
VEGF levels in patients with PDR. Group 1 comprised 11
patients (11 eyes) with BP ranging from 140 mmHg to 160
mmHg, Group 2, 23 patients (27 eyes) with BP ranging
from 160 mmHg to 180 mmHg, and Group 3, 6 patients (6
eyes) with BP above 180 mmHg.

Preoperative visual acuity ranged from light perception
with accurate projection to 0.2, and was worse than 0.1
in 70.5% of eyes. Baseline intraocular pressure (IOP) was
within the normal range, and ranged from 17.0 mm Hg
to 23.0 mmHg. Initial complicated cataract was observed
in 15 eyes and 30 eyes had an intraocular lens (IOL)
implanted. In addition, 34 eyes had a recent history of
panretinal laser photocoagulation.

Each patient underwent an eye examination which
included visual acuity assessment, refractometry,
tonometry, static automated perimetry, biomicroscopy,
gonioscopy and ophthalmoscopy. Patients with a history
of vitrectomy, prior anti-VEGF injections, or the presence

of uveitis (or intraocular inflammation), iris rubeosis,
elevated IOP, total vitreous hemorrhage, central retinal
vein or branch occlusion, or central retinal artery occlusion
were excluded.

Each patient underwent a 25G three-port vitrectomy
using an Alcon Constellation 25-G vitrectomy machine
(Alcon Laboratories, Inc., Fort Worth, TX, USA) and
OMS-800 OFFISS microscope (Topcon, Tokyo, Japan).
Preoperative informed consent was taken from all
the patients involved in the study. Forty-five vitreous
specimens were used in immunological studies. A 0.2-ml
specimen from the anterior vitreous was collected into
a disposable tube connected to the aspiration line of the
vitrectomy probe. The specimens obtained were frozen
and maintained at -200 C until immunological assays were
performed.

Total VEGF levels were determined by a three-
step enzyme-linked immunosorbent assay (ELISA).
A test system and VEGF ELISA kits (Vector Best,
Novosibirsk, Russia; ISO 13485) were employed as per
the manufacturer’s instruction. Photometric measurements
were performed at 450 nm on an ELISA plate reader (Stat
Fax 2100, Awareness Technologies Inc, Palm City, FL).

Statistica 9 (StatSoft, Tulsa, OK, USA) software
was used for statistical analysis. Student t test was used
to compare independent samples. Univariate analysis of
variance was used to examine differences among the three
groups. The level of significance p < 0.05 was assumed.
In addition, the Mann-Whitney test was used for detecting
significant differences between two groups, whereas the
Kruskal-Wallis test was used for detecting significant
differences among the three groups.

The study protocol conformed to the tenets of the
Declaration of Helsinki, and was approved by the Bioethics
Committee of the Filatov Institute (Protocol No. 1 dated
October 15, 2018). Written informed consent was obtained
from all patients.

Results

We managed to assess total vitreous VEGF levels in
44 of the 45 eyes with a neovascular glial form of PDR
(range, 15.6 pg/ml to 2659 pg/ml; mean value, 757.69 +
117 pg/ml). Total vitreous VEGF level was unable to be
measured in one eye due to hemolysis.

Mean total vitreous VEGF level was 664.7 = 238.4
pg/ml for patients with TIDM and 788.7+137.6 pg/ml
for patients with T2DM. Patients with a neovascular glial
form of PDR were divided in two groups depending on the
duration of diabetes, group 1 of 9 patients (9 eyes) with a
diabetes duration of less than 10 years, and group 2 of 32
patients (36 eyes) with a diabetes duration of more than 10
years. Mean total vitreous VEGF level was 569.4 + 277.1
pg/ml for the former group and 799.5 + 130.6 pg/ml for
the latter group.

The Mann-Whitney test showed no significant
difference in vitreous VEGF level between groups with
T1DM and T2DM (p=0.62) as well as between groups
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with a diabetes duration of less than 10 years and more
than 10 years (p = 0.39) (Fig. 1).

Therefore, we found that neither the type nor the
duration of DM had an effect on vitreous VEGF level in
patients with a neovascular glial form of PDR.

Table 1 shows mean vitreous VEGF levels for
patients with PDR depending on the severity of arterial
hypertension. Vitreous VEGF levels did not depend on the
severity of arterial hypertension (Table 1; p=0.39).

Because others have reported on the risk for the
development of secondary neovascular glaucoma after
cataract phacoemulsification in PDR patients [19, 20], we
decided to determine vitreous VEGF levels for patients
with PDR depending on the state of the lens (Table 2).

There was no significant difference in vitreous VEGF
levels among the groups with different states of the lens
(Table 2; p=0.17).

We also assessed the effect of past panretinal laser
photocoagulation on vitreous VEGF levels in 34 eyes with
PDR (Table 3).

Although no significant effect of panretinal laser
photocoagulation on vitreous VEGF levels in patients with
PDR was observed (p=0.41), mean vitreous VEGF levels
were higher in patients with no history of panretinal laser
photocoagulation.

On ophthalmoscopy, fibrovascular membranes
varied in the degree of proliferation. That is, in 30 eyes,
fibrovascular membranes showed newly formed vessels
of various sizes (predominantly small vessels with active
neovascularization along membrane margin) and were
classified as those with a marked proliferative component
(Fig. 2). In addition, in 14 eyes, epiretinal membranes
showed fibrous tissue with a smaller number of newly
formed vessels (and no active neovascularization along
membrane margin) and were classified as those with a
moderate proliferative component (Fig. 3).

Fig. 4 shows vitreous VEGF levels in patients with
PDR depending on the activity of the proliferative
component of a fibrovascular membrane. There was a
significant difference (p=0.002) in vitreous VEGF levels
between PDR patients with a fibrovascular membrane with
a marked proliferative component (997.0£151.8 pg/ml)
and those with a fibrovascular membrane with a moderate
proliferative component (244.9 + 53.7 pg/ml). Non-
parametric Mann-Whitney test confirmed a significant
difference in vitreous VEGF levels (p=0.007) between
PDR patients with a marked proliferative component and
those with a moderate proliferative component (F = 10.3;
p =0.0025).

Discussion

It has been reported that VEGF levels in the vitreous,
subretinal fluid and serum were clearly correlated with
the severity of PDR and that VEGF levels in the vitreous
could be significantly elevated in the presence of active
intraocular neoangiogenesis [21].

Kocak and colleagues [22] found that the levels of
proinflammatory cytokines (including VEGF) in the

vitreous were higher in diabetic patients than the non-
diabetics who underwent pars plana vitrectomy.

The current study included 41 patients (45 eyes) with
a neovascular glial form of PDR. Vitreous VEGF levels in
44 eyes ranged from 15.6 pg/ml to 2659 pg/ml with a mean
value of 757.69 + 117 pg/ml. Patients with iris rubeosis or
total vitreous hemorrhage were excluded from the study
because it has been reported that vitreous VEGF levels in
such patients could be significantly elevated [23, 24].

We found that vitreous VEGF levels were not
significantly effected by the type or duration of diabetes,
severity of arterial hypertension, state of the lens or
whether the patient had or had not past panretinal laser
photocoagulation. Our findings are in agreement with
those reported by others regarding the effect of the
type or duration of diabetes on vitreous VEGF levels
[15]; however, they are in disagreement with those
reported by others regarding the effect of the state of the
lens and whether the patient had past panretinal laser
photocoagulation. Although there have been reports on an
increased risk of secondary neovascular glaucoma after
phacoemulsification with IOL implantation in patients
with PDR [19, 20], we did not find this in our patients.
In addition, others have reported that plasma VEGF levels
were higher in the PDR patients who did not have past
panretinal laser photocoagulation than in those who did
[25, 26]. In the current study, vitreous VEGF levels were
higher in the PDR patients who did not have past panretinal
laser photocoagulation than in those who did, although the
difference was not significant.

In studies by Neroev and colleagues [15, 27],
VEGF levels in the vitreous, subretinal fluid and serum
were highest in the eyes operated for complicated PDR
without preliminary anti-VEGF therapy, with mean
values of 1151.6 pg/ml, 3490 pg/ml and 226.4 pg/ml for
the vitreous, subretinal fluid, and serum, respectively,
compared to 205.6+175.0 pg/ml, 775.4+560 pg/ml, and
140.5 £ 64.2 pg/ml, respectively, in the eyes operated for
PDR with a stable course without preliminary anti-VEGF
therapy. In addition, among eyes with PDR, tear VEGF-A
levels were higher in those with a fibrovascular epiretinal
membrane compared to those with a fibroglial epiretinal
membrane. Moreover, tear VEGF-A levels of 3490 pg/ml
or above were significantly associated with the presence
of active neovascularization within the eye, and may be
used as a prognostic criterion for the presence of active
neovascularization within an eye with opaque media [15,
217].

Habibah and colleagues [17] investigated the
concentrations of VEGF in vitreous and serum samples,
analyzed the ratio, and compared among PDR subgroups.
Their study included 17 eyes of patients with PDR,
identified as the PDR group which was divided into three
subgroups (vitreous hemorrhage [VH], VH with fibrotic
tissues, and tractional retinal detachment), and five control
eyes. The VEGF-A concentrations were calculated by
ELISA. The VEGF-A concentrations in vitreous samples
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were significantly higher in the PDR group (630.72 +
342.81 pg/mL) compared with those in the control group
(153.58 + 145.85 pg/mL). The VEGF-A concentrations
in vitreous samples were highest in the VH group and
lowest in the VH with fibrotic tissue subgroup. Habibah
and colleagues [17] concluded that high concentrations of
VEGF in vitreous samples of PDR eyes indicate its local
related activity in PDR pathology.

A common feature of all the patients of the current study
was the presence of a fibrovascular membrane in the eye.
We divided these membranes into two types depending on
their proliferating activity: (a) a fibrovascular membrane
with a marked proliferative component, which showed
newly formed vessels of various sizes (predominantly small
vessels with active neovascularization along membrane
margin) and (b) a fibrovascular membrane with a moderate
proliferative component, which showed fibrous tissue with
a smaller number of newly formed vessels (and no active
neovascularization along membrane margin). There was
a significant difference in vitreous VEGF levels between
PDR patients with a marked proliferative component and
those with a moderate proliferative component (F = 10.3;
p =0.0025).

Therefore, we found that, among patients with a
neovascular glial form of PDR, total vitreous VEGF
levels had a mean value of 757.69+117 pg/mL, and were
almost fourfold and statistically significantly (p = 0.002)
higher in those with a fibrovascular membrane with a
marked proliferative component compared to those with
a fibrovascular membrane with a moderate proliferative
component.
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Table 1. Vitreous vascular endothelial growth factor (VEGF) levels among patients with proliferative diabetic retinopathy
depending on arterial hypertension (AHT) severity

Groups of patients with different VEGEF levels in pg/ml F
AHT severity (M £ SE) P
1 (n=11) 592.3+181.2
2 (n=23) 737.8+152.1 0.98 0.39
3 (n=6) 1150.4+403.2

Note: M, mean value of vitreous VEGF level; SE, error of mean; n, number of patients; p, significance of difference

Table 2. Vitreous vascular endothelial growth factor (VEGF) levels among patients with proliferative diabetic retinopathy
depending on the state of the lens

VEGEF levels in pg/ml
State of the lens (M £ m) F P
Phakia, n = 15 550.9 (+125.8)
intra- i = 0.98 0.39
;\g intra-ocular lens implanted, n 864.7 (+163.8)

Note: M, mean value of vitreous VEGF level; SE, error of mean; n, number of patients; p, significance of difference

Table 3. Vitreous vascular endothelial growth factor (VEGF) levels among patients with proliferative diabetic retinopathy
depending on whether the patient had past panretinal laser photocoagulation (PRLP)

VEGEF levels in pg/mli
PRLP (M £ m) F p
PRLP was performed (n = 10) 937.3+296.8
0.98 0.41
PRLP was not performed (n = 34) 704.3£125.3

Note: M, mean value of vitreous VEGF level; SE, error of mean; n, number of patients; p, significance of difference
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Fig. 1. Box plots for vitreous vascular
endothelial growth factor (VEGF) values
in the groups of proliferative diabetic
retinopathy (PDR) patients depending
on the type (1, type 1 diabetes mellitus;
2, type 2 diabetes mellitus) and duration
(1, less than 10 years; 2, more than 10
years) of diabetes mellitus (DM)

Fig. 2. Photograph of the fundus of a patient with
a neovascular glial form of proliferative diabetic
retinopathy and epiretinal fibrovascular membrane with
a marked proliferative component. The arrow points to
newly formed vessels (active neovascularization) along
membrane margin

Fig. 3. Photograph of the fundus of a patient with a
neovascular glial form of proliferative diabetic retinopathy
and epiretinal fibrovascular membrane with a moderate
proliferative component. The arrow points to fibrous
tissue with isolated newly formed vessels. No active
neovascularization along membrane margin is seen

Fig. 4. Box plots for vitreous vascular endothelial growth
factor (VEGF) values in the groups of proliferative
diabetic retinopathy (PDR) patients depending on the
activity of the proliferative component of a fibrovascular
membrane (0, moderate proliferative component of the
membrane; 1, marked proliferative component of the
membrane)
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