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Background: Younger patients who underwent vitrectomy for proliferative diabetic retinopathy (PDR) 
display more aggressive nature distinguished from the older patients. Preoperative anti-VEGF therapy has 
been widely used as an adjunct for PDR surgery. However, the effect of anti-VEGF administration in young 
diabetics has rarely been evaluated in previous studies. The purpose of this study was to evaluate the effects 
of ranibizumab pretreatment on vitrectomy surgery in young patients with PDR. 
Methods: This was a prospective nonrandomized comparative study. Young patients (<40 years old) 
undergoing diabetic vitrectomy with or without ranibizumab pretreatment (25 eyes in each group) were 
analyzed in this study. The use of the drug was determined by the patients’ own preference. The two surgical 
groups were matched according to a complexity score. Intravitreal injection of ranibizumab (IVR) was 
performed 3–5 days prior to the vitrectomy surgery in the IVR group. Intraoperative records including total 
surgical time, intraoperative bleeding, the use of endodiathermy, the frequency of relaxing retinotomies, 
the incidence of iatrogenic retinal breaks, and the use of perfluorocarbon liquid (PFCL) and silicone oil 
tamponade, and postoperative indices regarding recurrent vitreous hemorrhage (VH), neovascular glaucoma 
(NVG), recurrent retinal detachment, and visual outcome were evaluated between the two groups. All 
patients were followed up for one year after surgery. 
Results: In young PDR patients, the severity of intraoperative bleeding was significantly lower in the 
IVR group than in the control group (P=0.04). The total surgical time was shorter in the IVR group than 
in the control group. However, the rate of relaxing retinotomy, the incidence of iatrogenic retinal breaks 
and the use of PFCL and silicone oil tamponade were not affected by IVR pretreatment but affected by the 
complexity score of the case. Early postvitrectomy hemorrhage occurred less frequently in the IVR group 
than in the control group (P<0.001), Early visual recovery was better in the IVR group than in the control 
group (P=0.03). However, there were no significant differences in the development of late recurrent VH, 
NVG, recurrent retinal detachment, and final visual outcome. 
Conclusions: IVR pretreatment is a safe and effective adjunct to vitrectomy in reducing intraoperative 
and early postvitrectomy bleeding and should be suggested in young PDR patients. However, IVR does 
not reduce the incidence of intraoperative and late postoperative complications in these patients. The 
risk of iatrogenic retinal breaks and silicone oil use are closely correlated with the complexity score of the 
surgical cases. 
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Introduction

The epidemic of diabetes mellitus (DM) has been escalating 
worldwide in recent years and are becoming a global burden 
of public health (1-3). It is estimated that DM population is 
expected to rise to 642 million by 2040 (1). More strikingly, 
several studies have showed that the onset age of DM is 
becoming earlier (4-6), even in the type2 DM, which was 
previously considered to occur in older adults. Development 
and progression of proliferative diabetic retinopathy (PDR) 
is much quicker in young diabetic patients than in older 
counterpart, which is the leading cause of vision impairment 
in diabetic patients. A higher risk of blindness was noted in 
younger patients with PDR than in older patients (7-13). 

Pars plana vitrectomy (PPV) is the mainstay treatment for 
PDR patients, which involves the removal of fibrovascular 
membranes and the release of vitreoretinal traction (14). 
However, vitrectomy for PDR in young patients may be 
challenging due to the broad vitreoretinal adhesion and 
severe active fibrovascular proliferation. Moreover, Younger 
patients who received vitrectomy for PDR have a higher 
rate of postoperative complications, like recurrent vitreous 
hemorrhage (VH), recurrent detachment, and neovascular 
glaucoma (NVG) (15,16). Therefore, younger patients with 
PDR need our special attention. 

Several studies have shown that VEGF is a pivotal 
causative factor in eye diseases that are characterized by 
neovascularization or increased vascular permeability, such 
as PDR (17,18). Intravitreal injection of anti-VEGF agents 
before vitrectomy has been widely used as an adjunctive 
therapy in PDR patients (19-24). Among them, young 
PDR patients should be one of the best indications for 
anti-VEGF treatment prior to vitrectomy since younger 
patients usually have more active fibrovascular proliferation 
and more intraoperative and postoperative bleeding. 
However, there were few studies that investigated on the 
effect of anti-VEGF pretreatment for vitrectomy in young 
PDR patients (15). Therefore, this study was undertaken 
to focus on the effects of ranibizumab (Lucentis; Novartis 
Pharma Schweiz AG Inc., Schaffhauserstrasse 4332 Stein, 
Switzerland), one of the VEGF inhibitors, on vitrectomy 
surgery in young patients with PDR. 

Methods

This is a prospective, non-randomized, comparative study. 
From October 2016 to June 2017, consecutive patients 
(<40 years old) undergoing PPV for PDR were recruited 

for the study in the ophthalmology department of Peking 
University Third Hospital. Exclusion criteria included: 
(I) history of vitrectomy in the study eye, (II) history 
of receiving anti-VEGF injection in the recent three 
months, (III) history of other ischemic or inflammatory 
intraocular disorders, (IV) history of thromboembolic 
events (including myocardial infarction or cerebral vascular 
events), (V) known coagulation abnormalities or current 
use of anticoagulative medication. The off-label use of 
intravitreal ranibizumab (IVR) on PDR and the potential 
risks (in particular the potential for thromboembolic 
events, endophthalmitis and uveitis) and benefits of its 
use were discussed at length with all patients at the time 
of recruitment. Patients who accepted IVR prior to PPV 
were included in the IVR group, and patients who declined 
IVR prior to PPV were included in the control group. A 
complexity score was used to quantify the severity of PDR 
and to match the two groups. The assigning of complexity 
scores (Table 1) was revised by the authors from the method 
developed by Grigorian et al. (25). The hospital ethics 
committee granted approval for the project, and written 
informed consent was obtained from all study participants 
in accordance with the tenets of the Declaration of Helsinki 
for research involving human subjects. 

All patients received a detailed ophthalmologic 
examination to establish a baseline and were re-evaluated 
after surgery. Preoperative, intraoperative, and postoperative 
data were collected for each patient. Baseline data included 
demographics including age and gender; systemic factors 
including type of diabetes, history of hypertension, 
hemoglobin A1c levels before the surgery, and renal 
function; and ophthalmic factors including preoperative best 
corrected visual acuity (BCVA), previous history of pan-
retinal photocoagulation (PRP), lens status, the presence of 
preoperative iris neovascularization, and complexity score. 
BCVA was measured using a decimal visual acuity chart, and 
the decimal visual acuity was converted to the logarithm of 
the minimum angle of resolution (logMAR) equivalent for 
statistical analysis. 

In the IVR group, ranibizumab (0.5 mg/0.05 mL) was 
injected 3-5 days prior to PPV. All patients in this study 
underwent a standard 23-gauge three-port vitrectomy that 
was performed with a CONSTELLATION vitrectomy 
machine (Alcon Laboratories, Inc., Fort Worth, TX, USA). 
The maximum speed of the vitreous cutter was 7,500 cpm. 
Preretinal membranes were dissected or peeled using 
segmentation and/or delamination techniques. Bimanual 
dissection was not used in all patients. The intraoperative 
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clinical evaluation was based on the following surgical 
parameters: intraoperative bleeding during the dissection 
of fibrovascular tissue, the use of endodiathermy, the 
need for relaxing retinotomy, the use of PFCL, the 
formation of iatrogenic retinal tears, the need for silicone 
oil endotamponade, and vitrectomy time. Intraoperative 
bleeding was divided into mild and severe and was defined 
as mild if it was stopped by increasing the infusion pressure 
or gently pressing with a blunt instrument and severe if 
endodiathermy was required. An evaluation form was 
completed by the surgeon immediately after the surgery. 
Moreover, a second vitreoretinal specialist who was blinded 
to grouping information observed the operation on the 
video system and reconfirmed the evaluation form. The 
postoperative clinical evaluation included the incidence 
of early (≤4 weeks) and late (>4 weeks) postvitrectomy 

hemorrhage, postoperative NVG, recurrent detachment, 
and BCVA at 1 month and 1 year of follow up. In eyes 
without gas/silicone oil tamponade, postoperative 
hemorrhage in the vitreous cavity was graded according to 
the scale defined by the Diabetic Retinopathy Vitrectomy 
Study Group [2005], as follows: mild, with visible fundus 
details; greater than mild, with no visible fundus details, 
with or without an orange fundus reflex. In eyes with gas/
silicone oil tamponade, postoperative preretinal blood was 
classified as: mild, with blood clots that have a total area of 
≤3 disk area; or greater than mild, with blood clots that have 
a total area of >3 disk area. Data for ocular and systemic 
adverse events after IVR were also collected.

Statistical analysis

Continuous variables are presented as the mean ± standard 
deviation, and independent t-tests were performed to make 
comparisons between the two groups. To examine the 
percentage differences between the two groups, statistical 
analysis of the data was performed with a Chi-squared test 
or Fisher’s exact test. Spearman’s nonparametric correlation 
analysis was used to evaluate the association between 
the scale of the complexity score and the occurrence of 
iatrogenic retinal breaks and the use of PFCL and silicone 
oil. A value of P<0.05 was considered to denote statistical 
significance. The statistical analysis of the data was 
performed by using SPSS V20.0 software for Windows 
(SPSS, Chicago, Illinois, USA). 

Results 

From October 2016 to June 2017, 64 consecutive patients 
(<40 years old) undergoing PPV for PDR were recruited 
for this prospective study. After they were matched by 
complexity score, 25 eyes in each group were enrolled. 
Baseline characteristics were well balanced in both groups 
and are summarized in Table 2. Clinical examination 
showed significantly vascularized preretinal membranes 
in young diabetic patients (Figure 1A). In the IVR group, 
the interval between IVR and PPV was 3.8±0.8 days. 
Marked attenuation of the vasculature was observed after 
ranibizumab injection (Figure 1B). No IVR-related ocular 
or systemic complications were observed in the IVR 
group. None of the patients demonstrated the occurrence 
or progression of TRD after the administration of 
ranibizumab. The intraoperative clinical evaluations of 
the operated eyes are presented in Table 3. Intraoperative 

Table 1 Complexity score* system used to evaluate the severity of 
PDR and the difficulty of the operation in this study 

Variables Description Score 

Quadrants of FVP One 1

Two 2

Three 3

Four 4

Location of FVP Posterior 0

Peripheral 1

Both 2

Surgical plane between the 
FVP and the retina 

Relatively easy to find 0

Relatively hard to find 1

Presence of TRD Focal TRD 1

Plaque TRD 2

TRRD 3

Presence of PVD Complete 0

Partial 1

Almost absent 2

Prior PRP Complete 0

Partial 1

None 2

*, this complexity score was revised by the authors from the 
method developed by Grigorian et al. (25). PDR, proliferative 
diabetic retinopathy; FVP, fibrovascular proliferation; TRD, 
traction retinal detachment; PVD, posterior vitreous detachment.
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bleeding was significantly reduced in the IVR group 
compared to the control group (P=0.04). Accordingly, 
endodiathermy was used less in the IVR group, and 
vitrectomy time was 73.2±32.8 minutes in the IVR group 
and 85.6±37.9 minutes in the control group (P=0.83). 
However, the need for relaxing retinotomy, the use of PFL, 
the formation of iatrogenic retinal tears, and the need 
for silicone oil endotamponade were not affected by IVR 
pretreatment. In both the IVR group and the control group, 
there was a significant correlation between the complexity 
score and the use of PFL, the formation of iatrogenic 
retinal tears, and the need for silicone oil endotamponade 
(Spearman, r=0.65, 0.81, and 1.0, respectively, P<0.001 in 
the IVR group; and r=0.52, 0.55, and 0.90, respectively, 

Table 2 Baseline features of young diabetic patients who underwent 
vitrectomy with and without ranibizumab pretreatment 

Characteristics IVR group Control group P value

Number of eyes, n 25 25

Right eye 15 13 0.56

Left eye 10 12

Age (years) 

Mean ± SD 34.2±6.7 35.5±5.8 0.70

Range 19–38 25–39

Gender, n 

Male 14 12 0.57

Female 11 13

Type of DM, n 

Type 1 (IDDM) 0 0 1

Type 2 (NIDDM) 25 25

Duration of DM, (years) ±SD 9.3±5.2 10.0±5.9 0.65

Insulin use for DM, n 

Yes 24 24 1.0

No 1 1

HbAlc (%) ±SD 8.2±1.7 7.8±2.1 0.78

Systemic hypertension, n 20 18 0.58

Renal insufficiency, n 2 1 0.55

Preoperative BCVA, (logMAR) 
±SD

2.05±0.9 2.25±0.8 0.41

Lens status, n

Phakic 24 24 1.0

Pseudophakic 1 1

Prior PRP, n

Yes 6 7 0.75

No 19 18

Iris neovascularization, n 

Yes 0 0 1.0

No 25 25

Complexity score 

Mean ± SD 6.28±3.8 6.27±3.5 1.0

Range 1–13 1–14

IVR, intravitreal injection of ranibizumab; DM, diabetes mellitus; 
PRP, pan-retinal photocoagulation. 

B

A

Figure 1 Comparison of the fibrovascular membrane before 
and after intravitreal ranibizumab injection. (A) Color fundus 
photograph of the left eye of a 35-year-old male patient with 
PDR, showing a significantly vascularized preretinal membrane 
and combined rhegmatogenous-traction retinal detachment. (B) 
Color fundus photograph of the same patient taken 5 days after 
intravitreal ranibizumab treatment, revealing marked decrease 
of vascularity in the proliferative membrane. PDR, proliferative 
diabetic retinopathy.
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P<0.01 in the control group). Postoperative clinical 
evaluations of the operated eyes are presented in Table 4. 
Early (≤4 weeks) postvitrectomy hemorrhage (greater than 
mild) was significantly reduced in the IVR group than in 
the control group (P<0.001). logMAR BCVA was better 
in the IVR group than in the control group 1 month after 
vitrectomy (P=0.03), whereas logMAR BCVA at 1 year was 
similar between the two groups (P=0.19). There were no 
significant differences in late (>4 weeks) postvitrectomy 
hemorrhage, postoperative NVG, recurrent detachment 
between the two groups. 

Discussion 

Younger patients who underwent vitrectomy for PDR 
display more aggressive nature distinguished from the 
older patients (15,16). First, younger patients with PDR 
commonly have broad and active fibrovascular proliferation, 
and vigorous growth of new vessels in the membrane can 
cause massive bleeding during surgery. Second, in younger 
patients, the posterior hyaloid is almost completely attached 
to the retina, which makes accessing the subhyaloid space 
difficult. Creation of posterior vitreous detachment may 
induce iatrogenic retinal break and bleeding during surgery. 
Third, it is more common to see the dispersion of residual 
blood and rebleeding from clot lysis during the early days 
following postvitrectomy in young diabetic patients. Finally, 
younger patients are at greater risk of having recurrent VH 
and postoperative NVG after vitrectomy. Therefore, the 
general prognosis for younger diabetic patients is much 
poorer than that for the older population. In this study, 
young patients who receive PPV for PDR was defined as 
patients less than 40 years old, because patients with early-
onset DM usually start before 30 years of age, and there 
may be a five- to ten-year lag between disease onset and 
surgical intervention. 

Preoperative anti-VEGF therapy has been widely used as 
an adjunct for PDR surgery (19-24). However, the effect of 
anti-VEGF administration in young diabetics has rarely been 
evaluated independently in previous studies. In the current 
study, we focused our investigation on young diabetics and 
evaluated the effect of IVR pretreatment on this specific 
population. The current study shows that vigorous growth 
of new vascular component in the proliferative membrane 
in young PDR patients (Figure 1A). in the IVR group, 
in order to avoid exacerbation of fibrosis and traction 
retinal detachment, IVR was performed 3–5 days prior 
to PPV. Marked attenuation of new vessels was observed 

Table 3 Intraoperative evaluation of the surgical procedures 
performed on young PDR patients with and without ranibizumab 
pretreatment 

Intraoperative parameters
IVR group 

(n=25)
Control group 

(n=25)
P value

Bleeding during the dissection 
of FVP, n 

Mild 18 11 0.04

Severe 7 14

Use of endodiathermy, n 

≤5 spots  22 18 0.16

>5 spots 3 7

Need for relaxing retinotomy, n 1 1 1.0

Formation of iatrogenic retinal 
tears, n 

8 9 0.76

Use of PFCL, n 5 4 0.71

Need for silicone oil 
endotamponade, n 

6 7 0.75

Vitrectomy time, (minutes) ±SD 73.2±32.8 85.6±37.9 0.83

PDR, proliferative diabetic retinopathy; IVR, intravitreal 
injection of ranibizumab; FVP, fibrovascular proliferation; PFCL, 
perfluorocarbon liquid. 

Table 4 Postoperative evaluation of vitrectomy on young PDR 
patients with or without ranibizumab pretreatment 

Postoperative parameters
IVR group 

(n=25)
Control group 

(n=25)
P value

Early VH (≤4 weeks)

Mild 10 8 0.56

Greater than mild 3 17 <0.001

Late VH (>4 weeks)

Mild 3 2 0.64

Greater than mild 1 2 0.55

Postoperative NVG, n 1 1 1.0

Recurrent retinal detachment, 
n

2 1 0.55

logMAR BCVA at 1 month, 
mean ± SD 

0.88±0.50 1.22±0.57 0.03

logMAR BCVA at 1 year, mean 
± SD

0.47±0.29 0.58±0.32 0.19

PDR, proliferative diabetic retinopathy; IVR, intravitreal injection 
of ranibizumab; VH, vitreous hemorrhage; NVG, neovascular 
glaucoma; logMAR, logarithm of the minimum angle of 
resolution; BCVA, best corrected visual acuity.
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after ranibizumab injection (Figure 1B). The regression of 
neovascularization contributed to a technically easier surgical 
procedure. The severity of intraoperative bleeding was 
significantly reduced in the IVR group than in the control 
group. Accordingly, the use of endodiathermy and total 
surgical time were decreased after ranibizumab pretreatment. 
These findings are in accordance with other studies in the 
literature. Previous publication also showed that anti-VEGF 
pretreatment in PDR patients can reduce the incidence of 
iatrogenic retinal breaks and the use of silicone oil tamponade 
during the surgery (24). However, this was not proved in 
our study. In the current study, we used the complexity 
score to quantify the severity of PDR. The complexity 
score system used in this study (Table 1) was revised by the 
authors from the method developed by Grigorian et al. (25). 
The revised complexity score is more comprehensive than 
the previous scheme and may more accurately reflect the 
severity of the vitreoretinal condition in surgical cases. In 
this study, we found that IVR pretreatment did not reduce 
the rate of relaxing retinotomies, the risk of iatrogenic retinal 
breaks, and the use of perfluorocarbon liquid (PFCL) or 
silicone oil tamponade in young PDR patients. Instead, the 
complexity score was strongly correlated with the risk of 
iatrogenic retinal breaks and the use of PFCL and silicone 
oil tamponade. Our findings suggest that in young PDR 
patients, the difficulty of the surgery and the incidence 
of intraoperative complications depends mainly on the 
complexity of the surgical case, in terms of the extension of 
fibrovascular proliferation and adhesion to the retina, rather 
than bleeding itself. 

Desp i te  advancements  in  surg ica l  t echn ique , 
postvitrectomy VH is frequently observed in diabetic 
patients (20,22,26), especially in the young PDR patients. It 
can have an early or a late onset. Early postoperative VH is 
more likely caused by release of blood from the peripheral 
vitreous skirt, rebleeding from vascular membranes 
transected at surgery, and persistent vitreoretinal traction, 
whereas the recurrent VH in the late postoperative period 
is likely to be caused by neovascularization growth at 
the sclerotomy sites or retinal periphery, and in a high 
proportion of rebleed cases, the source of hemorrhage is 
not well identified (20,22,27). Postvitrectomy hemorrhage 
might clear spontaneously, but sometimes it requires 
additional surgical procedures. Reproliferation after surgery 
is likely to occur in the presence of significant preretinal 
bleeding in the eyes when silicone oil infusion is used, 
that can cause recurrent retinal detachment. Moreover, 
younger age is a significant risk factors for postoperative 

NVG and the presence of NVG was associated with worse 
outcome in the younger group (15,16). Whether these 
postoperative complications could be prevented in young 
PDR patients by IVR pretreatment was also investigated in 
this study. In this study, we found the occurrence of early 
postvitrectomy hemorrhage was significantly reduced in the 
IVR group compared to the control group. Accordingly, 
visual rehabilitation was faster in the IVR group than in the 
control group. However, there were no marked differences 
in late onset VH, recurrent retinal detachment and 
postoperative NVG between the two groups. Furthermore, 
the final visual recovery at one year after surgery were also 
similar for both groups. These findings suggest in young 
PDR patients IVR pretreatment can prevent early rather 
than late postoperative complications, which accelerates 
the visual recovery in the early postoperative period but has 
little effect on final visual outcome. 

There were some limitations to the current study. 
First, this was a non-randomized study with relatively 
small number of patients. Hence, although a complexity 
score was used to quantify the severity of PDR and 
match the two groups, it was unavoidable that there 
would be some selection bias in the study. Second, the 
surgeons were not masked to the grouping information. 
This would also cause some bias in the decision making 
by surgeons during surgery. Third, this study was 
carried out in a single center, and the surgeries were not 
performed by a single operator. This was also a potential 
source of bias. Nevertheless, our study was the first 
prospective comparative study to evaluate the effect of 
IVR pretreatment on vitrectomy in young PDR patients  
(<40 years old). We found IVR pretreatment is a safe and 
effective adjunct to vitrectomy to reduce intraoperative and 
early postvitrectomy bleeding thus should be suggested 
in young PDR patients. However, IVR does not reduce 
the incidence of intraoperative and late postoperative 
complications in young PDR patients. The risk of iatrogenic 
retinal breaks and silicone oil use are closely correlated with 
the complexity score of the surgical cases.
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