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META-ANALYSIS

Appropriate timing schedule for intravitreal anti-VEGF injection as adjuvant therapy 
before pars-plana vitrectomy in proliferative diabetic retinopathy, a meta analysis
Masood Bagheri a,b, Nader Salaric,d, Naser Aghaeib and Maryam Yarmohammadia

aClinical Research Development Center, Imam Khomeini and Mohammad Kermanshahi and Farabi Hospitals, Kermanshah University of Medical 
Sciences, Kermanshah, Iran; bDepartment of Ophthalmology, Imam Khomeini Eye Center, Kermanshah University of Medical Sciences, Kermanshah, 
Iran; cDepartment of Biostatistics, School of Health, Kermanshah University of Medical Sciences, Kermanshah, Iran; dMedical Biology Research 
Center, Kermanshah University of Medical Sciences, Kermanshah, Iran

ABSTRACT
Background: Many studies introduced intravitreal injections of anti-vascular endothelial growth 
factors (VEGFs) as a new strategy for safer and more convenient vitrectomy in patients with severe 
proliferative diabetic retinopathy (PDR). While possible side effects such as progression of vitreor-
etinal fibrosis should be kept in mind, these may be prevented by proper preoperative timing of 
injection.
Research design and methods: This study was conducted based on the systematic review 
guidelines in four steps: definition of search strategy, selecting and evaluating studies, checking 
inclusion and exclusion criteria, and statistical analysis. Eighteen clinical trials with a total 
sample size of 1165 patients were included. According to the timing of injection, patients 
were divided into three groups: injection 72 hours, injection 3–7 days, and injection 7–21 days 
before surgery.
Results: The lowest risk of intraoperative hemorrhage, the minimum duration of surgery and the lowest 
need for silicone oil (SO) tamponade was in the injection group 7–21 days before surgery. The rate of 
iatrogenic retinal break during surgery and the necessity for relaxing retinotomy in the injection group 
72 hours before surgery was lower than the other two groups. However, there were limited data 
regarding the requirement of relaxing retinotomy, the need to inject SO, and the occurrence of 
iatrogenic retinal break.
Conclusions: This meta-analysis showed, to prevent tractional complications, it is recommended to 
inject within 3 days before surgery.
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1. Introduction

The epidemic of diabetes mellitus (DM) has become an emer-
ging public health concern in recent years, and an estimated 
642 million people affected worldwide by 2040 [1]. Diabetic 
retinopathy (DR) is the commonest cause of irreversible visual 
loss at a working age worldwide and proliferative diabetic 
retinopathy (PDR) is the prevalent cause of blindness among 
these patients. Despite recent developments in ophthalmol-
ogy, there are no proven preventive proceedings for DR unless 
tight control of DM. However, emerging therapeutic strategies 
in the last decades have effectively prevented progressive 
vision loss.

Previous reports introduced vascular endothelial 
growth factor (VEGF) as a pivotal causative agent in 
pathologic ocular neovascularization or increased vascular 
permeability, such as diabetic macular edema (DME) and 
PDR, which are common causes of visual impairment in 
diabetic patients [2]. Latter often resulting in vision loss 
because of critical complications such as ischemic 

induced neovascularization, vitreous hemorrhage, and 
subsequently tractional retinal detachment (TRD) [3]. 
Also the incidence of DME in patients with severe PDR is 
up to 70% [4]. In severe PDR and its complications, pars- 
plana vitrectomy (PPV) may be the most effective treat-
ment to save vision and introduced as mainstay proce-
dure which removes fibrovascular membranes and 
vitreoretinal traction [5]. During PPV in these patients, 
vitreous cavity hemorrhage when dissecting fibrovascular 
membranes will significantly restrict visualization of the 
surgical field which can prolong the surgery time, 
increase the frequency of instrument exchange, and ser-
iously increase the rate of complications.

Recently, many studies confirmed the effectiveness of pre-
operative intravitreal anti-VEGF therapy, which is believed 
reduces many surgical procedures and complications. Four 
applied anti-VEGF monoclonal antibodies have been evolved 
and verified in patients with PDR, such as Bevacizumab 
(Avastin; Genentech Inc., CA), Conbarcept (Langmu; 
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Kanghong Inc., Sichuan, China), Aflibercept (Eylea, Regeneron), 
and Ranibizumab (Lucentis; Genentech Inc., CA) [6–8].

Preoperative intravitreal injection of anti-VEGF medications 
is a novel candidate for safer and more convenient vitrectomy 
in cases suffering from severe PDR, while possible side effects 
such as progression of vitreoretinal fibrosis should be kept in 
mind [9,10]. Although, the prevention of this complication 
may be achieved by timing of preoperative injection. 
However, the proper timing for injection with maximum ben-
efits and minimum side effects is not clear. In this review, we 
evaluated the proper time point and effectiveness of 

preoperative intravitreal anti-VEGF therapy as an adjuvant in 
severe PDR candidates for PPV.

2. Methods

The current study was approved by the research ethics 
committees of school of medicine-Kermansha University 
of Medical Science (code: IR.KUMS.MED.REC.1401.156). 
This study was carried out according to the instructions 
for systematic review [11] in four steps, which is 
explained in detail as following (methodology illustrated 
in Figure 1):

2.1. Literature search

An encyclopedic study search was organized using MEDLINE and 
EMBASE till Apr 2022 with English language restriction. All manu-
scripts which reported efficacy of intravitreal anti-VEGF injection 
before PPV in PDR were collected with search strategy according 
to the medical subject heading (MeSH) terms as below:

((((vitrectomy) OR (pars-plana vitrectomy) OR (PPV))) AND ((dia-
betic retinopathy) OR (proliferative diabetic retinopathy) OR (PDR) 
OR (DR) OR (tractional retinal detachment) OR (TRD))) AND ((anti- 
VEGF) OR (vascular endothelial growth factor) OR (VEGF))

Then, a broad manual literature search was carried out in 
the following journals: American Journal of Ophthalmology 
(https://www.ajo.com), Progress in Retinal and Eye Research 
(https://www.journals.elsevier.com/progress-in-retinal-and-eye 
-research), Acta ophthalmologica (www.onlinelibrary.wiley. 
com/journal/17553768), Current Opinion in Ophthalmology 

Article highlights

● The epidemic of DM has become an emerging public health concern 
in recent years, and DR is the commonest cause of irreversible visual 
loss at a working age worldwide and PDR is the prevalent cause of 
blindness among these patients.

● Recently, many studies confirmed the effectiveness of preoperative 
intravitreal anti-VEGF therapy which is believed reduces many surgi-
cal procedures and complications, while possible side effects such as 
progression of vitreoretinal fibrosis should be kept in mind.

● This meta analysis showed that preoperative intravitreal VEGF inhibi-
tors, reduce the surgical time, achieve fewer iatrogenic retinal breaks 
and subsequently reducing the need for SO tamponade, lessen 
intraoperative hemorrhage, and also lead fewer endodiathermy 
applications.

● This meta analysis showed improvement of clinical outcomes and 
reduction of complications in patients received adjuvant intravitreal 
Anti-VEGF 1-21 days before surgery. However, in order to prevent 
tractional complications, it is recommended to inject within 3 days 
before surgery.

Figure 1. This figure show the methodology of the study step by step. During an encyclopedic literature search and survey of relevant cited studies, number of 121 
studies was founded where 77 excluded in the second step (irrelevant studies, reviews, comments, and letters). After reviewing the inclusion and exclusion criteria, 
26 more studies were excluded and finally, 18 studies were included for statistical analysis.
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(https://journals.lww.com/co-ophthalmology/pages/default. 
aspx), Retina (https://journals.lww.com/retinajournal), and 
JAMA Ophthalmology (https://jamanetwork.com/journals/ 
jamaophthalmology).

Then, references of the assessed manuscripts were sur-
veyed to find relevant studies. A total of 3697 articles were 
found.

2.2. Selection Study & Assessment

After a brief review of abstracts, the articles that were 
most relevant to our topic were selected, and those which 
reported PPV in PDR with adjuvant preoperative anti- 
VEGF injection were thoroughly studied. A 103 articles 
were found in this step and full-text versions of all were 
obtained.

2.3. Inclusion & exclusion criteria

All clinical trials that have a control group and examined 
the five desired factors to evaluate the clinical effective-
ness of anti-VEGF adjuvant injection (i.e. the incidence of 
intraoperative hemorrhage, iatrogenic retinal break, dura-
tion of surgery, the necessity for relaxing retinotomy, and 
silicone oil (SO) injection as endocular tamponade) were 
included in the study. To prevent potential bias or errors, 
the quality of the studies were assessed by three inde-
pendent researchers considering the CHARMS [12] and 
then data extraction was done. Disagreements were 
resolved through consensus or discussion with a fourth 
reviewer if needed. Eventually, 18 papers on surgical out-
come of PPV in PDR with preoperative adjuvant intravi-
treal anti-VEGF were included, which covered 1165 cases.

2.4. Statistical analysis

At first, public information, such as the first name of the 
authors, publication date, sample size, duration of study, 
demographic pattern of patients, and etc, was extracted 
(Table 1).

Comprehensive Meta-Analysis.2 (CMA.2) software was 
used for data analysis. Heterogeneity index was evaluated 
by the I2 test. In case of substantial heterogeneity (I2 >  
50%), a random-effects model was applied. Otherwise, for 
non-significant heterogeneity (I2 ≤ 50%), we used a fixed- 
effects model [53]. Level of significance for pooled effect 
and heterogeneity was set at P < 0.05. Because of non- 
significant I2, the fixed-effects model estimated the over-
all effect size. The publication bias was checked by the 
funnel plot (Figure 2).

3. Results

During the search process, 121 articles were found until 
30 April 2022, and with the English language limit, 91 
articles in MEDLINE, Pubmed, EMBASE, and Cochrane 

databases and 21 articles by manual search in journals 
and website referenced in the articles. Among these, 77 
unrelated studies were excluded based on the title and 
abstract review and 44 studies were selected. The full text 
of all these articles was received and general information 
such as the manuscript title, the first author, place of 
implementation of the study, the publication date, the 
study design, the sample size along with the demo-
graphic information of the participants, and the duration 
of diabetes in them were extracted (Table 1). After the 
review of the researchers, 16 articles with an average 
consensus of 85% were included in the study, and in 
two cases of disagreement, the articles were reviewed 
by the fourth researcher and selected with his approval. 
Finally, 18 clinical trials with a total sample size of 1165 
(623 in intervention group and 542 in control group) that 
investigated the efficacy of adjuvant intravitreal injection 
of Anti-VEGF on the results of PPV for TRD in diabetic 
patients compared to the control group were included. 
Due to the heterogeneity of studies’ methodology, to 
check the appropriate timing of injection, patients were 
divided into three time groups: injection 72 hours before 
surgery, injection 3–7 days before surgery, and injection 
7–21 days before surgery. Five studies had injections less 
than 3 days, 12 studies 3–7 days, and 2 studies 7–21 days 
before surgery, which, respectively, included 169, 418, 
and 36 patients in the intervention group.

Five factors were investigated to evaluate the clinical 
effectiveness of anti-VEGF adjuvant injection, including 
the incidence of intraoperative hemorrhage, iatrogenic 
retinal break, duration of surgery, the necessity for relax-
ing retinotomy, and SO injection as endocular tampo-
nade. The included articles were classified based on the 
investigated factors and all data were extracted (Table 2).

3.1. Intraoperative hemorrhage

In all three groups, the rate of intraoperative bleeding 
was lower than the control group (without adjuvant injec-
tion of anti-VEGF). The lowest risk of bleeding was in the 
group injected 7–21 days before surgery (OR: 0.104, 
0.039–0.275, p: 0.000), followed by the groups with injec-
tion 3–7 days (OR: 0.198, 0.131–0.300, p: 0.000) and 72  
hours (OR: 0.227, 0.112–0.462, p: 0.000) before surgery, 
respectively (Figure 3).

3.2. Incidence rate of iatrogenic retinal break

In all three groups, the incidence of iatrogenic retinal 
break during surgery was lower than the control group 
(without adjuvant anti-VEGF injection). It should be noted 
that in the injection group 72 hours before surgery, the 
incidence of iatrogenic retinal break was lower than the 
other two groups (OR: 0.212, 0.087–0.516, p: 0.001) 
(Figure 4).
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3.3. Duration of surgery

In all three groups, the duration of surgery was significantly 
less than the control group (without adjuvant injection of 
Anti-VEGF). However, the surgery time was minimal in the 
injection group 7–21 days before surgery (Std diff: 0.740, SE: 

0.172, p: 0.000) and then the groups with 3–7 days (Std diff: 
0.800, SE: 0.077, p: 0.000) and 72 hours injection before sur-
gery (Std diff: 0.828, SE: 0.161, p: 0.000), respectively. But the 

surgery time is not significantly different in these three groups 
(Figure 5).

Figure 2. Funnel plot for sample size and effect size of studies investigating surgical time as one of the criteria for the efficacy of adjuvant intravitreal injection of 
anti-VEGF on the results of PPV for TRD in diabetic patients in 3 studies groups, injection.
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3.4. Requirement of relaxing retinotomy

According to the studies, the available data for the necessity for 
relaxing retinotomy in the two groups, injection 72 hours and 
7–21 days before surgery, were limited. Nevertheless, based on 
statistical analysis, firstly, in all three groups, the need for relax-
ing retinotomy during surgery was significantly lower than the 
control group (without adjuvant anti-VEGF injection), and sec-
ondly, in the injection group 72 hours before surgery, the 

requirement of relaxing retinotomy was lower than the other 
two groups (OR: 0.195, 0.042–0.896, p: 0.036) (Figure 6).

3.5. The need to inject so as endocular tamponade

According to the studies, the available data for the 
requirement of SO usage as endocular tamponade in 
two groups, injection 72 hours and 7–21 days before 

Figure 3. Comparison of intraoperative bleeding as one of the criteria for the efficacy of adjuvant intravitreal injection of Anti-VEGF on the results of PPV for TRD in 
diabetic patients in 3 studies groups, injection.
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surgery, was limited. Nevertheless, based on the statistical 
analysis, firstly, in all three groups, the rate of SO injec-
tion was significantly lower than the control group (with-
out anti-VEGF adjuvant injection), and secondly, in the 
injection group 7–21 days before surgery, the need for 
SO ocular tamponade was less than the other two groups 
(OR: 0.076, 0.020–0.299, p: 0.000) (Figure 7).

4. Discussion

Intravitreal VEGF inhibitors paved the way for advances in the 
management of PDR, and in last decades, many reports have 

represented that the application of anti-VEGF agents as an 
adjunctive therapy before the PPV would significantly diminish 
intraoperative bleeding and the other complications, conse-
quently improving the surgical outcomes. Recently, the effec-
tiveness of preoperative intravitreal anti-VEGF has been widely 
verified. It has been proved that adjuvant anti-VEGF before 
PPV, in addition to improving visual prognosis, has reduced 
the duration of surgery and its complications. The purpose of 
preoperative intravitreal VEGF inhibitors is to induce the 
regression of retinal neovascularization, decrease the intra- 
operative hemorrhage, and facilitate easier fibrovascular mem-
brane dissection and smoother vitrectomy. However, there are 

Figure 4. Comparison of iatrogenic retinal break creation as one of the criteria for the efficacy of adjuvant intravitreal injection of anti-VEGF on the results of PPV for 
TRD in diabetic patients in 3 studies groups, injection.
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some concerns regarding side effects, especially the progres-
sion of fibrosis and tractional complications. Li et al in a RCT in 
2015 investigated the effect of intravitreal Bevacizumab (IVB) 
on vitreous-retinal surface fibrosis in PDR patients before PPV 
and compared three groups including two groups with injec-
tion 5 days and >2 weeks before surgery and a group without 
injection [54]. They reported the degree of vitreoretinal fibro-
sis was significantly increased in subgroups with injection >2  
weeks before surgery compared to subgroups with injection 5  
days before surgery and to patients that did not receive IVB. 
Also, they found that basic fibroblast growth factor (bFGF) 
levels increase in PDR patient’s vitreous after IVB treatment 
longer than two weeks prior to surgery and correlated with 
the degree of fibrosis after IVB. The results of such studies 
raised concerns regarding the appropriate time of injection 
before surgery to prevent tractional complications. Based on 

these concerns about progression of TRD by anti-VEGF agents 
which has been raised by other researchers [55,56], some 
authors suggested performing the injection with a short inter-
val like 1–3 days [50,51]. However, others recommended the 
injection with an interval of more than 2 weeks [36,57], in 
order to make full use of anti-VEGF and induce the complete 
regression of retinal neovascularization. Castillo J et al in a RCT 
in 2017 on 56 patients with PDR-related complications requir-
ing PPV reported subjects received preoperative IVB 5–10 days 
before surgery had better outcomes compared to 1–3 days 
based on BCVA at 6 months follow-up, intraoperative and 
postoperative complications [25].

Currently, controversies regarding the optimal time point 
of adjuvant anti-VEGF before PPV for PDR still exist. This meta 
analysis showed that preoperative intravitreal VEGF inhibitors 
reduce the surgical time, achieve fewer iatrogenic retinal 

Figure 5. Comparison of surgical time as one of the criteria for the efficacy of adjuvant intravitreal injection of Anti-VEGF on the results of PPV for TRD in diabetic 
patients in 3 studies groups, injection.
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breaks and subsequently reducie the need for SO tampo-
nade, and lessen intraoperative hemorrhage. The study 
proved the lowest risk of intraoperative hemorrhage, the 
minimum duration of surgery, and the lowest need for SO 
tamponade was in the injection group 7–21 days before 
surgery; however, the rate of iatrogenic retinal break during 
surgery and the necessity for relaxing retinotomy in the 
injection group 72 hours before surgery was lower than the 
other two groups.

5. Conclusion

Although, the appropriate timing for injection differ for the 
variables measured, this study provides valuable consensus on 
the management of PDR and should help guide the vitreor-
etinal surgeons in clinical decision making. The authors sug-
gested to inject anti-VEGF within 3 days before PPV to prevent 

tractional complications. However, it is recommended to con-
duct more multi-center clinical trials with a large statistical 
population, taking into account confounding factors and 
more precise time intervals, and of course, by examining the 
different types of Anti-VEGF, which are available for a more 
detailed findings.
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