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Background. Anti-vascular endothelial growth factor (VEGF) agents have been 
successfully used to reduce the incidence of perioperative and postoperative complications 
in patients with proliferative diabetic retinopathy (PDR).
Purpose: To evaluate the efficacy of a modified staged method of surgical treatment for 
PDR which involves intravitreal aflibercept (IVA) injection 1-mg prior to vitrectomy.
Material and Methods: This study involved 75 patients (75 eyes) with PDR. Group 1 (the 
control group) received vitrectomy only; Group 2, IVA 1.0 mg prior to vitrectomy; and 
Group 3, IVA 2.0 mg prior to vitrectomy.
Results: Mean visual acuity at 2 months and 6 months was significantly better in eyes 
treated with aflibercept than in those not treated with aflibercept (p1-2 = 0.0001; p1-3 = 
0.0001). In the early postoperative period, transient vitreous hemorrhage was observed 
significantly more frequently in the control group than in group 2 (p1-2 = 0.0003) or group 
3 (p1-3 = 0.0004). The incidence of transient vitreous hemorrhage within 2 months after 
vitrectomy was also significantly higher in the control group than in group 2 (p1-2=0.09) 
or group 3 (p1-2=0.017). By 6 months after surgery, rubeosis developed in 5 eyes (16.1%) 
of the control group, and in no eye of the 44 eyes that received intravitreal aflibercept (р= 
0.02).
Conclusion: Our modified staged method of surgical treatment for PDR enabled an 
improvement in visual acuity at 2 months and 6 months after surgery; a reduction in 
the incidence of transient vitreous hemorrhage in the early postoperative period; and  
reduction in the risk of the development of iris rubeosis in the late period after surgery.
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Diabetic retinopathy (DR) is the leading cause of 
blindness in working-age populations in developed 
countries [1]. The disease is characterized by progressive 
retinal ischemia, leading to the development of 
neovascularization of the retina, optic disc and iris, and 
formation of epiretinal fibrovascular membranes (ERM). 
At the later stages of DR, ERM contraction is accompanied 
by tractional or combined tractional and rhegmatogenous 
retinal detachment.

Although advances in vitreoretinal surgery have 
improved the anatomical and functional outcomes of 
vitrectomy for severe complications of proliferative diabetic 
retinopathy (PDR) [2], PDR surgery is still associated with 
a high rate of perioperative and postoperative hemorrhagic 
complications [3]. Intraoperative hemorrhage makes 
visualization of the operative field and precise surgical 
manipulations difficult, and may be accompanied by 
serious complications [4, 5].

 Vitreous hemorrhage after surgery for DR has been 
reported to occur in 30%-75% of eyes and may be divided 
into early (≤ 4 weeks) and late (> 4 weeks) [2-5]. Early 

transient vitreous hemorrhage may result from remnants 
of fibrivascular ERMs, whereas late transient vitreous 
hemorrhage, from neovascularization at the site of 
sclerotomy, vitreous base, iris, anterior chamber angle and 
retina. Peripheral retinal cryotherapy, cryotherapy of the 
anterior retina and sclerotomy sites, intravitreal infusion 
of 10% C3F8 or silicone oil, and other methods have been 
proposed to reduce the risk of postoperative hemorrhagic 
complications [6-8].

Anti-vascular endothelial growth factor (VEGF) 
agents like ranibizumab, bevacizumab and aflibercept 
are commonly used for the treatment of diabetic macular 
edema and wet age-related macular degeneration (AMD) [9 
, 10]. There have been numerous reports on the successful 
use of anti-VEGF agents for preventing perioperative and 
postoperative hemorrhagic complications in patients with 
PDR [11-16].

We have previously demonstrated the potential of our 
modified staged method of surgical treatment (intravitreal 
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aflibercept injection 1-mg prior to vitrectomy) for PDR, 
which was found to be as efficacious as the surgical 
treatment with a conventional (2.0 mg) dose of intravitreal 
aflibercept, with a reduced incidence of perioperative 
hemorrhagic complications and a reduced surgical time 
[17]. In this connection, the purpose of this study was 
to assess the efficacy of our modified method of staged 
surgical treatment (involving intravitreal aflibercept 
injection 1-mg prior to vitrectomy) for PDR.

Material and Methods
This was an open prospective interventional study 

of 75 patients (75 eyes) aged 18 to 58 years with PDR. 
There were 27 men (36%) and 48 women (64%). Of the 
75 patients, 31 had type 1 diabetes mellitus (T1DM), and 
44, type 2 DM (T2DM). Of the 44 patients with T2DM, 14 
required insulin therapy. Diabetes duration was ≤10 years 
in 11 patients and 10 to 20 years in 64 patients.  All the 75 
eyes had fibrovascular ERM with a marked proliferative 
component [18]. Tractional retinal detachment (TRD) 
threatening the macula was seen in 26, TRD with macular 
involvement, in 23 eyes, and combined tractional and 
rhegmatogenous retinal detachment (TRRD), in 6 eyes. 
No retinal detachment was observed in 20 eyes. Of the 
75 eyes, 31 had and 44 had not a history of panretinal 
laser photocoagulation. On admission, initial complicated 
cataract was observed in 41 eyes, and 34 eyes had an 
intraocular lens (IOL) implanted.

Patients underwent an eye examination which included 
visual acuity assessment, refractometry, tonometry, static 
automated perimetry, biomicroscopy, gonioscopy and 
ophthalmoscopy. Patients with a history of vitrectomy 
or 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 
from the study.

Baseline intraocular pressure (IOP) ranged from 18.0 
mm Hg to 23.0 mmHg. Patients were divided into three 
groups. Group 1 (31 eyes) received vitrectomy only; 
group 2 (17 eyes), intravitreal aflibercept 1.0 mg 3-5 
days prior to vitrectomy (our modified method of staged 
surgical treatment); and group 3 (27 eyes), conventional 
intravitreal aflibercept 2.0 mg (aflibercept was injected into 
the vitreous in a routine manner by inserting a 29-gauge 
needle through the pars plana ciliaris) 3-5 days prior to 
vitrectomy. 

Patients of groups 2 and 3 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) on day 3 to day 5 after intravitreal aflibercept 
injection. Core and peripheral vitrectomy and posterior 
hyaloid peeling and excision over 3600 were performed 
using a wide angle viewing system BIOM system 
(Oculus, Wetzlar, Germany). Epiretinal membranes were 
removed completely, and endolaser photocoagulation was 

performed. Surgery was completed with intravitreous 
tamponade with air only (27 eyes), a mixture of air and 
perfluoropropane (27 eyes), or silicone oil (21 eyes) [17].  

Follow-up duration was 6 months.
Before treatment, informed consent was signed by 

all patients, and they were educated about the possible 
consequences and complications of the surgical 
procedure. 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.

Visual acuity and the incidence of transient vitreous 
hemorrhage, rhegmatogenous retinal detachment, and iris 
rubeosis were assessed in the early postoperative period (< 
4 weeks after surgery) and 2 and 6 months after vitrectomy.

The non-parametric Chi-squared test was used to 
analyze contingency tables and to compare proportions. 
To analyze changes in visual acuity, analysis of variance 
(ANOVA) for repeated measurement was used, followed 
by the least significant difference (LSD) test. The level of 
significance p < 0.05 was assumed. Statistica 8 (StatSoft, 
Tulsa, OK, USA) software was used for statistical analysis.

Results
The mean age of patients in group 1 was 59.5 ± 2.28 

years versus 40.9 ± 3.90 years for those in group 2 and 
45.4 ± 3.38 years for those in group 3. The numbers and 
proportion of women were greater than those of men in 
all the groups (23 (74.2%) versus 8 (25.8%) in group 1, 
14 (51.9%) versus 13 (48.1%) in group 2, and 11 (64.7%) 
versus 6 (35.3%) in group 3). In groups 1, 2 and 3, the 
numbers and proportion of patients with T1DM were 
8 (25.8%), 12 (44.4%), and 11 (64.7%), respectively; 
the numbers and proportion of patients with T2DM, 23 
(74.2%), 15 (55.6%), and 6 (35.3%), respectively; and the 
numbers and proportion of patients with T2DM requiring 
insulin therapy, 7 (30.4%), 6 (40%) and 1 (16.7%), 
respectively. The numbers and proportion of patients with 
diabetes duration of ≤10 years in the study population were 
4 (12.9%), 2 (11.8%), and 5 (18.5%), respectively; and the 
numbers and proportion of patients with diabetes duration 
of 10 to 20 years, 27 (81.7%), 22 (81.5%), and 15 (88.2%), 
respectively. Moreover, the numbers and proportion of 
eyes with a history of panretinal laser photocoagulation 
in groups 1, 2 and 3 were 7 (22.6%), 15 (55.6%) and 9 
(52.9%), respectively. Although the 75 patients had arterial 
hypertension of grades 1 to 3, it was compensated by the 
time of surgery.

In groups 1, 2 and 3, the baseline visual acuity was 
0.04 ± 0.01, 0.1 ± 0.01, and 0.09 ± 0.01, respectively. 
Figure 1 shows the visual acuity in patients with PDR at 
baseline and at 2 and 6 months after vitrectomy. There was 
no significant difference in visual acuity among the three 
groups at baseline (Fig. 1). The baseline visual acuity was 
better in groups 2 and 3 (i.e., aflibercept groups) than in 
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group 1, but the differences were not significant (p1-2 = 
0.061 and p1-3 = 0.098, respectively). 

At 2 months after surgery, visual acuity improved from 
0.04 at baseline to 0.05 in group 1 (the improvement was not 
significant, p = 0.72). In addition, visual acuity improved 
from 0.10 at baseline to 0.20 in group 2, and from 0.09 
at baseline to 0.22 in group 3, and these improvements 
were significant (p = 0.002 and p = 0.0001, respectively). 
Therefore, a significant improvement in visual acuity was 
observed as early as 2 months after either vitrectomy with 
preoperative intravitreal aflibercept 1-mg (our modified 
method of staged surgical treatment) or vitrectomy with 
a conventional preoperative intravitreal aflibercept 2-mg.

At 6 months after surgery, visual acuity improved from 
0.04 at baseline to 0.10 in group 1 (p = 0.02), from 0.10 at 
baseline to 0.20 in group 2 (p = 0.001), and from 0.09 at 
baseline to 0.26 in group 3 (p = 0.0001). In addition, mean 
visual acuity was significantly better in eyes treated with 
aflibercept than in those not treated with aflibercept at 2 
months (p1-2 = 0.0001) and 6 months (p1-3 = 0.0001). 
There was, however, no significant difference in visual 
acuity among groups 2 and 3 at 2 months (p2-3 = 0.419) 
and 6 months (p2-3 = 0.053).

In group 1, surgery was completed with intravitreous 
tamponade with a mixture of perfluoropropane and air 
(15% C3F8) in 9 eyes (29.0%), 5700-cSt silicone oil 
tamponade in 21 eyes (67.7%), and air only in 1 eye (3.2%). 
In addition, surgery was completed with intravitreous 
tamponade with a mixture of perfluoropropane and air 
(15% C3F8) and with air only in 8 eyes (47.1%) and 9 eyes 
(52.9%), respectively, of group 2, and in 10 eyes (37.0%) 
and 17 eyes (63.0%), respectively, of group 3.

Patients that received silicone oil tamponade of the 
vitreous cavity were excluded from group 1 (the control 
group) in order to assess the incidence of transient 
vitreous hemorrhage in the early postoperative period, at 
2 months and at 6 months (Tables 1-3). Therefore, in the 
early postoperative period, transient vitreous hemorrhage 
was observed significantly more frequently in the control 
group than in the intravitreal aflibercept 1.0 mg group 
(p1-2 = 0.0003) or intravitreal aflibercept 2.0 mg group 
(p1-3 = 0.0004). In the early postoperative period, there 
was no significant difference in the incidence of transient 
vitreous hemorrhage between groups 2 and 3 (p2-3 =  
0.94). The numbers and proportion of the eyes which 
developed transient vitreous hemorrhage within 2 months 
after vitrectomy with tamponade using either a mixture 
of perfluoropropane and air or air only, was 4 of 10 eyes 
(40%) for group 1 (the control), compared to only 2 of 
17 eyes (11.8%) for group 2, and 2 of 27 eyes (7.4%) for 
group 3 (p1-2 = 0.09, p1-3 = 0.017), with no   significant 
difference in the incidence of transient vitreous hemorrhage 
at 2 months between groups 2 and 3 (p2-3=0.62).

Therefore, at 6 months after vitrectomy for PDR, 
there was no significant difference in the incidence of 
transient vitreous hemorrhage between patient groups 
receiving different doses of aflibercept. The numbers and 

proportion of the eyes which developed rhegmatogenous 
retinal detachment within 6 months after vitrectomy 
were 4 (12.9%) for group 1, 1 (5.9%) for group 2, and 2 
(7.4%) for group 3 (р = 0.66). Therefore, at 6 months after 
vitrectomy for PDR, there was no significant difference 
in the incidence of rhegmatogenous retinal detachment 
among the study groups.

Of the 75 study eyes, no eye developed iris rubeosis by 
2 months after surgery. By 6 months after surgery, rubeosis 
developed in 5 eyes (16.1%) of the control group, and in 
no eye of the 44 eyes that received intravitreal aflibercept 
(р= 0.02).

Discussion
Vascular endothelial growth factor regulates 

angiogenesis and vascular permeability and plays a key role 
in the pathogenesis of diabetic retinopathy and other retinal 
vascular disorders [9, 19]. Anti-VEGF agents have been 
successfully used for neovascularization regression and 
reduction of macular edema, especially in the treatment of 
intraocular hemorrhage, subretinal neovascular membrane 
and diabetic macular edema [10, 20].

Chen and Park [11] were the first to report the use of 
intravitreal bevacizumab as a preoperative adjunct for 
tractional retinal detachment repair in severe PDR and 
hypothesized that a decrease in PDR epiretinal membrane 
vascularity (neovascular regression) may reduce the risk 
of hemorrhagic complications [11]. Others [12–16, 21–
23] subsequently reported that preoperative intravitreal 
bevacizumab reduces the incidence of postoperative 
complications due to obliteration of newly formed 
vessels in epiretinal membranes. It has been noted that 
preoperative intravitreal bevacizumab substantially 
facilitated segmentation and delamination of fibrovascular 
ERM, and contributed to improved visualization during 
surgery. Another advantage of intravitreal bevacizumab 
was a reduced incidence of the use of endodiathermy as 
well as a reduced surgical time [13]. In addition, there was 
a reduced incidence of vitreous hemorrhage, especially in 
the early postoperative period, in patients that received 
preoperative intravitreal bevacizumab. 

Velazquez and colleagues [24], however, reported 
that, in patients with PDR being treated with anti-VEGF 
agents prior to vitrectomy, increased ERM contraction and 
retinal traction has frequently been observed, leading to 
the progression of tractional retinal detachment and even 
the development of retinal tear [24].

Similar results were reported by Zhao and colleagues 
[25], who noted that such complications mostly developed 
10-14 days after intravitreal bevacizumab injection.

We hypothesized that our modified staged surgical 
treatment of patients with PDR (with a dose of aflibercept 
reduced to 1 mg) may allow obliteration of newly formed 
vessels in epiretinal membranes, with a reduction in 
the incidence of complications (like the progression of 
tractional retinal detachment and the development of retinal 
tears) associated with ERM contraction after injection of 
anti-VEGF. This hypothesis was confirmed in our more 



ISSN 0030-0675. Journal of Ophthalmology (Ukraine) - 2022 - Number 1 (504) 

	 	 33

recent works. Obliteration of newly formed vessels in 
epiretinal membranes was observed on day 5 in patients 
with PDR treated with intravitreal aflibercept injection 1.0 
mg as well as in those treated with intravitreal aflibercept 
injection 2.0 mg. There was, however, ophthalmoscopic 
evidence of increased ERM contraction with an increased 
traction component in (a) 23 eyes (85.2%) treated with 
intravitreal aflibercept injection 2.0 mg, leading to the 
development of retinal tear in 2 eyes (7.4%) and (b) 3 eyes 
(17.6%) treated with intravitreal aflibercept injection 1.0 
mg, which did not lead to the development of retinal tear 
in any eye. We have also found that the use of intravitreal 
aflibercept injection 1.0 mg as a preoperative adjunct 
before vitrectomy surgery was as efficacious as the use 
of conventional intravitreal aflibercept injection 2.0 mg 
with regard to the reduction in the risk of hemorrhagic 
complications, need for silicone oil tamponade, and, 
consequently, reduced vitrectomy time [17].

The results of the current study demonstrate that, 
in eyes treated with our modified staged method (the 
use of intravitreal aflibercept injection 1.0 mg as a 
preoperative adjunct before vitrectomy surgery), visual 
acuity significantly improved at 2 and 6 months after 
surgery, which was comparable to the use of conventional 
intravitreal aflibercept injection 2.0 mg prior to vitrectomy. 
Visual acuity in the eyes of the control group significantly 
improved only at 6 months after vitrectomy surgery. This 
is likely to be associated with the incidence of transient 
vitreous hemorrhage in the postoperative period. Thus, 
the percentage of eyes with transient vitreous hemorrhage 
in the early postoperative period was 90% for the control 
group, which was significantly larger than for the groups 
preoperatively treated with intravitreal aflibercept injection 
1.0 mg (17%; p1-2=0,0003) and intravitreal aflibercept 
injection 2.0 mg (18%; p1-3=0,0004). In addition, the 
percentage of eyes with transient vitreous hemorrhage at 
2 months was significantly smaller for group 3, but not 
for group 2, compared to the control group (7.4% versus 
40%; p = 0.017). There was no significant difference in 
percentage of eyes with transient vitreous hemorrhage at 6 
months between the control group and aflibercept groups 
(p1-2=0.45, p1-3= 0.17).

Ruban [26] found that the major risk factors for 
neovascular glaucoma after vitrectomy in patients with 
PDR were the absence of preoperative panretinal laser 
photocoagulation; gender; age; type of diabetes; absence 
of anti-VEGF agent used as adjunct therapy during or 
after surgery; vitreous hemorrhage; tractional retinal 
detachment; HbA1 level; iris rubeosis; and neovascular 
glaucoma in the fellow eye.

In the current study, the incidence of iris rubeosis over 
6 months after vitrectomy for PDR was significantly larger 
for the control group than for the groups preoperatively 
treated with intravitreal aflibercept injection 1.0 mg or 
intravitreal aflibercept injection 2.0 mg (p = 0.02).

Conclusion
Therefore, our modified staged method of surgical 

treatment (involving intravitreal aflibercept injection 1-mg 
prior to vitrectomy) for PDR enabled an improvement in 
visual acuity at 2 months and 6 months after surgery; a 
reduction in the percentage of eyes developing transient 
vitreous hemorrhage in the early postoperative period; 
and a 16% reduction in the risk of the development of 
iris rubeosis in the late period (6 months) after surgery 
compared to vitrectomy without the use of preoperative 
anti-VEGF treatment.
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Table 1. Incidence of transient vitreous hemorrhage in the early postoperative period in patients with proliferative diabetic 
retinopathy (PDR)

Groups Transient vitreous hemorrhage, n (%) Total number of eyes, n (%)

Group 1 (control group) 9 (90%) 10 (100%)

Group 2 (aflibercept 1.0 mg) 3 (17.6%) 17 (100%)

Group 3 (aflibercept 2.0 mg) 2 (7.4%) 27 (100%)

р1-2=0.0003
р1-3=0.00004

р2-3= 0.94

Table 2. Incidence of transient vitreous hemorrhage at 2 months in patients with proliferative diabetic retinopathy (PDR)

Group Transient vitreous hemorrhage, n (%) Total number of eyes, n (%)

Group 1 (control group) 4 (40%) 10 (100%)

Group 2 (aflibercept 1.0 mg) 2 (11.8%) 17 (100%)

Group 3 (aflibercept 2.0 mg) 2 (7.4%) 27 (100%)

р 1-2=0.09
 р 1-3=0.017
р2-3=0.62

Table 3. Incidence of transient vitreous hemorrhage at 2 months in patients with proliferative diabetic retinopathy (PDR)

Group Transient vitreous hemorrhage, n (%) Total number of eyes, n (%)

Group 1 (control group) 3 (30 %) 10 (100%)

Group 2 (aflibercept 1.0 mg) 3 (17.6%) 17 (100%)

Group 3 (aflibercept 2.0 mg) 3 (11.1%) 27 (100%)

р1-2 =0.45
р1-3= 0.17
р2-3 =0.54
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Fig. 1. Mean visual acuity at baseline (before surgery) and at 2 months and 6 months in PDR 
patients not treated with adjunctive aflibercept (group 1), and those treated with preoperative 
aflibercept 1.0 mg (group 2), or with preoperative aflibercept 2.0 mg (group 3) 


