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ABSTRACT

Introduction: To compare the efficacy and safety
of intravitreal injections of ranibizumab (IVR)
before and at the end of vitrectomy in prolifera-
tive diabetic retinopathy (PDR) patients.
Methods: A prospective comparative study was
performed on 60 eyes of 52 PDR patients who
received ranibizumab injection (0.5 mg/
0.05 ml) 3–5 days before vitrectomy (preopera-
tive group) and 55 eyes of 50 PDR patients who
received ranibizumab injection (0.5 mg/
0.05 ml) at the end of vitrectomy (intraopera-
tive group). Intra- and postoperative indices
were collected for further comparison.

Results: Postoperative best-corrected visual
acuity (BCVA) in preoperative group was better
than in intraoperative group at 1 week after
surgery (P\ 0.05) but comparable at 1- and
3-month follow-up (P = 0.20 and P = 0.37,
respectively). Central retinal thickness (CRT) in
preoperative group was lower than in intraop-
erative group at 1 week postoperatively (P\
0.05), but comparable at 1- and 3-month follow-
up (P = 0.39 and P = 0.77, respectively). The
average surgery time was significantly shorter in
preoperative group than in intraoperative group
(61.50 ± 11.44 min vs. 74.49 ± 12.01 min,
P\ 0.01). The incidence of intraoperative
bleeding was significant lower in preoperative
group than in intraoperative group (21.7% vs.
40.0%, P\0.05). Moreover, the incidence of
intraocular electrocoagulation use, iatrogenic
retinal breaks, relaxing retinotomy and silicone
oil tamponade were all significantly lower in
preoperative group than that in intraoperative
group (P\0.05, respectively). The incidences of
postoperative vitreous hemorrhage (VH), neovas-
cular glaucoma (NVG), recurrent retinal detach-
ment, postoperative fibrovascular proliferation
progression and reoperation showed no statistical
differences between the two groups (P[0.05,
respectively). Both groups had no ocular or sys-
tem adverse events during observation period.
Conclusion: In vitrectomy for PDR, preopera-
tive IVR can significantly reduce surgery time
and lower the incidence of intraoperative
bleeding, intraocular electrocoagulation use,
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iatrogenic retinal breaks, relaxing retinotomy
and silicone oil tamponade during surgery and
gain short-term better postoperative BCVA and
thinner CRT.
Trial registration: ClinicalTrials.gov (identifier,
NCT05408416).
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Key Summary Points

Why carry out this study?

Pars plana vitrectomy (PPV) is an
indispensable means for the treatment of
proliferative diabetic retinopathy (PDR),
which is one of the most serious blinding
eye diseases. Anti-vascular endothelial
growth factor (VEGF) drugs combined
with PPV can certainly improve the
efficiency of surgery. However, it is not
clear whether different injection timing
affects the outcomes of surgery.

What was learned from the study?

Compared to intraoperative intravitreal
ranibizumab (IVR), preoperative IVR can
significantly reduce surgery time and
lower the incidence of intraoperative
bleeding, intraocular electrocoagulation
use, iatrogenic retinal breaks, relaxing
retinotomy as well as silicone oil
tamponade during surgery.

Meanwhile, preoperative IVR can gain
better postoperative best-corrected visual
acuity (BCVA) and thinner central retinal
thickness (CRT) in a short time after
surgery for PDR.

INTRODUCTION

Proliferative diabetic retinopathy (PDR) is the
most common cause of irreversible blindness in

diabetic retinopathy (DR) [1, 2]. It is character-
ized by progressive loss of vision, retinal edema,
vitreous hemorrhage (VH), retinal neovascular-
ization, fibrovascular proliferation, tractional
retinal detachment (TRD) and neovascular
glaucoma (NVG) [3, 4]. Although pars plana
vitrectomy (PPV) is the cornerstone of treat-
ment of advanced PDR, related postoperative
complications such as recurrent VH, NVG and
progressive fibrovascular proliferation may still
cause serious visual impairment.

It is well known that vascular endothelial
growth factor (VEGF) plays a leading role in
neovascularization, vascular permeability and
diabetic macular edema [5, 6]. Intravitreal
injection of anti-VEGF drugs before or during
PPV may be a good adjunct to vitreous surgery
for PDR. Some studies have confirmed that the
application of anti-VEGF drugs before vitrec-
tomy for PDR patients can reduce the difficulty
of surgery and improve postoperative best-cor-
rected visual acuity (BCVA) [7–9], but very few
studies have focused on the injections of anti-
VEGF during surgery [10]. The lack of a well-
structured prospective study makes it difficult to
assess the benefit of these two different strate-
gies. Therefore, we carried out this study to
compare the effects of pre- and intraoperative
intravitreal injections of ranibizumab (IVR) on
vitrectomy outcomes for PDR patients.

METHODS

Study Design

This was a prospective, single-center and ran-
domized controlled clinical trial study which
was registered at ClinicalTrials.gov (NCT05
408416). This study was approved by Human
Ethics Committee Institutional Review Board of
Peking University People’s Hospital
(2021PHB405-001). All procedures adhered to
the tenets of the Declaration of Helsinki of 1964
and its later amendments. All participants pro-
vided informed consents before surgery;
informed consent for publication was obtained
from all participants.
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Patients

PDR patients with indications for vitrectomy
between September 2021 and February 2022 at
Peking University People’s Hospital were
screened for eligibility. Our inclusion criteria
were as follows: (1) patients aged C 18 years
with type 1 or 2 diabetes who were clinically
diagnosed with PDR; (2) had persistent VH for[
1 month or recurrent VH with or without pan-
retinal photocoagulation (PRP); (3) had TRD
detected by indirect ophthalmoscope or B-scan
ultrasonography; (4) had an actively progress-
ing fibrovascular proliferative membrane. The
exclusion criteria included: (1) previous vitrec-
tomy or intravitreal injection in the study eyes;
(2) eyes with any ocular disease that may hinder
visual improvement other than PDR, such as
optic atrophy or macular hole or macular
epiretinal membranes; (3) neovascular glau-
coma; (4) eyes given gas tamponade or addi-
tional treatment like ranibizumab injection
again or supplementary macular photocoagu-
lation during follow-up periods; (5) poor con-
trol of diabetes mellitus (DM) with hemoglobin
A1c (HbA1c)[ 12%; (6) history of throm-
boembolic events (including cerebral vascular
infarctions or myocardial infarctions) or coag-
ulation system disorders or receiving anticoag-
ulant or antiplatelet therapy; (7) having
systemic conditions that may increase the risk
of bleeding, such as respiratory disease or
uncontrolled coughing. The enrolled eyes were
randomly assigned according to the Central
Randomization System with a ratio of 1:1 to
preoperative IVR group and intraoperative IVR
group.

Intervention and Measures

Patients received 0.5 mg/0.05 ml IVR 3–5 days
before vitrectomy in preoperative IVR group
and 0.5 mg/0.05 ml IVR immediately at the end
of vitrectomy in intraoperative IVR group. All
patients underwent 25-gauge transconjunctival
sutureless vitrectomy using the 25-gauge Con-
stellation system (Alcon, Fort Worth, TX, USA)
under local or general anesthesia. A speed of
5000 cuts per minute was used for vitrectomy.

The specific procedures were as follows: vitreous
and hemorrhage were removed completely;
preretinal fibrovascular proliferation mem-
branes were peeled thoroughly or left as isolated
residual pieces; intraoperative bleeding was
controlled by either intraocular electrocoagula-
tion or increased irrigation pressure; relaxing
retinotomy was carried out when the existence
of subretinal proliferative strips hindered retinal
reattachment or peripheral thin retina adhered
tightly by fibrovascular proliferation membrane
leading to tractional retinal detachment; full
PRPs were performed or complete in all eyes;
silicone oil tamponade was used when there
were retinal breaks combined retinal detach-
ment. All surgical procedures were performed
by the same experienced vitreoretinal specialist
(QJF). All patients received antibiotics and 1%
prednisolone eye drops with tapered frequency
during the 4-week period after surgery.

Baseline demographics and systemic condi-
tions including course of diabetes mellitus and
hypertension were recorded. All patients
underwent a full ophthalmic examination,
including automatic refractometry, best-cor-
rected visual acuity (BCVA), intraocular pressure
(IOP), slit-lamp examination, indirect ophthal-
moscopy, color fundus photography, spectral
domain optical coherence tomography (SD-
OCT) (CIRRUS HD-OCT Model 5000, Carl Zeiss
Meditec, Germany), ultra-wide-field (UWF)
fundus fluorescein angiography (FFA) using
Optos 200Tx (Optos plc, Dunfermline, UK) and
B-scan ultrasonography if necessary. BCVA was
converted to logarithm of minimal angle of
resolution (log MAR) scale for statistic analysis;
counting fingers vision was recorded as 2.0 log
MAR, and hand movement was recorded as 3.0
log MAR. Central retinal thickness (CRT) was
measured on the same machine, using its
tracking software known as FastTracTM retinal-
tracking technology for each follow-up visit
[11]. Extent of vitreoretinal adhesion was
defined following the previous vitreoretinal
adhesion grade (VAG) classification system:
absence of any adhesion was grade 0; focal
adhesion\ 3 sites was grade 1; broad adhesion
of C 1 site or adhesion at the disc, macular, or
vascular arcade was grade 2; vitreoretinal adhe-
sion extending to the periphery was grade 3
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[12]. Patients underwent all examinations at
baseline, 1 day, 1 week, 1 month and 3 months
after surgery.

Statistical Analysis

Baseline characteristics of all the patients were
collected and analyzed using SPSS Statistics 19.0
software (IBM SPSS Inc., Chicago, IL, USA).
Normally distributed continuous variables were
presented as mean ± SD. Non-normally dis-
tributed continuous variables were presented as
median [interquartile range (IQR)]. Student’s t-
test was performed to compare normally dis-
tributed quantitative variables, while the non-
parametric Wilcoxon signed rank test was used
for abnormally distributed quantitative vari-
ables. Categorical data were analyzed using
Pearson’s chi-square test or Fisher’s exact test. A
threshold of P-value\0.05 was set for statistical
significance.

RESULTS

Baseline Demographics

A total of 137 eyes of 120 patients were
enrolled in the study and assigned randomly
into two groups: 70 eyes of 60 patients in
preoperative group and 67 eyes of 60 patients
in intraoperative group. Three eyes withdraw
(1 in preoperative group and 2 in intraopera-
tive group) before PPV. Nineteen eyes were
removed from the protocol for gas tamponade
during surgery (1 in preoperative group and 2
in intraoperative group), additional treatment
(6 in preoperative group and 5 in intraopera-
tive group) and not showing up (2 in preop-
erative group and 3 in intraoperative group)
during 3-month follow-up period. Finally, 60
eyes of 52 PDR patients in preoperative group
and 55 eyes of 50 PDR patients in intraopera-
tive group were included in the study (Fig. 1).
Baseline characteristics and demographics of
all included patients in both groups are listed
in Table 1. There were no statistically signifi-
cant differences in age, sex, BMI, type of dia-
betes, HbA1c level, duration of DM,

hypertension, previous history of laser photo-
coagulation, status of lens, indication for sur-
gery, baseline BCVA, IOP, baseline CRT and
extent of VAG between the two groups
(Table 1).

Surgical Procedures and Outcomes

The surgical procedures and outcomes are
shown in Table 2. The average surgery time
was 61.50 ± 11.44 min in preoperative group
and 74.49 ± 12.01 min in intraoperative
group (P\ 0.01). The incidences of intraop-
erative bleeding were 13 (21.7) and 22 (40.0)
in pre- and intraoperative group, respectively
(P\ 0.05). Moreover, the incidences of iatro-
genic retinal breaks and relaxing retinotomy
were significantly lower in pre- than intra-
operative group (P\ 0.05, respectively).
Intraocular electrocoagulation use and sili-
cone oil tamponade in preoperative group
were less frequent than in intraoperative
group (P\ 0.05, respectively). There were no
statistically significant differences in retinal
reattachment between the two groups
(P = 0.61).

No significant differences were found in
sum numbers of postoperative events during
3-month follow-up between the two groups
(VH recurrence, P = 0.88; NVG occurrence,
P = 0.58; recurrent retinal detachment,
P = 0.58, postoperative progressive fibrovascu-
lar proliferation, P = 0.93, and reoperation,
P = 0.90) (Table 3).

Postoperative BCVA at 1-week follow-up visit
was better in pre- than intraoperative group
(P\0.05), but not at the 1- and 3-month fol-
low-up visits (P = 0.20 and P = 0.37, respec-
tively) (Table 4 and Fig. 2). CRT in preoperative
group was lower than that in intraoperative
group at 1 week postoperatively (P\ 0.05), but
did not differ significantly at 1- and 3-month
follow-up (P = 0.39 and P = 0.77, respectively)
(Table 5 and Fig. 3).

No ocular or system adverse events such as
endophthalmitis, cardiovascular or cerebral
vascular events occurred in either group during
our observation (Figs. 4, 5).
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DISCUSSION

PDR is usually complicated with intraocular
hemorrhage, fibrovascular proliferation and
TRD, especially in eyes with active neovascu-
larization membrane. The surgical procedures
could be quite difficult because of fibrovascular
membrane hemorrhage and iatrogenic retinal
breaks, rendering extensive use of intraocu-
lar electrocoagulation and retinotomy neces-
sary. Risks of recurrent VH, uncontrollable
NVG, postoperative progressive fibrovascular
proliferation, recurrent retinal detachment and
reoperations are also high [13, 14]. VEGF has
been proved to play an important role in neo-
vascularization. Due to the immature vessel
structure of neovascular membrane, it usually is
accompanied by bleeding and leakage in the
retina, leading to poor vision. Intravitreal
injection of anti-VEGF agents can induce vas-
cular endothelial cell apoptosis and reverse the
progress of retina neovascularization, resulting
in occlusion or regression of abnormal vessels as
well as decreased fundus exudation and bleed-
ing [15]. It can also increase pericyte numbers
and promote angiogenesis as well as vascular

maturation to maintain stability of the blood
retinal barrier [15]. Therefore, intravitreal
injection of anti-VEGF drugs has been proven to
be a good adjunct to vitrectomy in PDR
patients.

We compared two different injection timings
during the perioperative period of vitrectomy
and found that preoperative injection of rani-
bizumab can reduce the difficulty of surgery and
lead better postoperative BCVA and thinner
CRT in 1 week, but there were no differences in
long-term vision and macular thickness. Chen
et al. compared the effects of pre- versus post-
operative injection of anti-vascular endothelial
growth factor (VEGF) drugs in patients with
vitreous hemorrhage secondary to polypoidal
choroidal vasculopathy (PCV). They found that
preoperative injection led to less subsequent
injection frequency, lower incidence of recur-
rent vitreous hemorrhage, better BCVA and
thinner fovea over a period of time, but the
differences of the latter two disappeared after
3 months [16]. Preoperative anti-VEGF injection
could promote regression of neovascularization
and facilitate fibrovascular membrane dissec-
tion with less intraoperative bleeding during

Fig. 1 Flowchart showing the distribution of the study population. PPV pars plana vitrectomy
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Table 1 Comparison of baseline characteristics between two groups

Characteristics Preoperative group (n = 60) Intraoperative group (n = 55) P value

Eyes/patients 60/52 55/50 –

Age (year), mean ± SD 54.12 ± 9.10 54.06 ± 9.73 0.976

Male/female 28/24 27/23 0.988

BMI (kg/m2), mean ± SD 24.19 ± 1.82 24.01 ± 1.83 0.606

Systemic profile

Type of diabetes, n (%) 0.709

T1DM, n (%) 6 (11.5) 7 (14)

T2DM, n (%) 46 (88.5) 43 (86)

HbA1c (%), mean ± SD 6.76 ± 1.89 7.10 ± 1.67 0.327

Duration of DM (years), median (IQR) 8.50(5.00,11.00) 7.00(4.75,10.00) 0.134

Hypertension, n (%) 28 (53.8) 23 (46) 0.428

Ocular profile, (%)

History of laser 0.760

Complete 3 (5.0) 4 (7.3)

Incomplete 16 (26.7) 12 (21.8)

None 41 (68.3) 39 (70.9)

Pseudophakic 5 (8.3) 3 (5.5) 0.544

Indication for surgery, n (%) 0.920

VH 25 (41.7) 25 (45.5)

TRD

Macular TRD 2 (3.3) 1 (1.8)

Macula threatening TRD 5 (8.3) 6 (10.9)

Extra macular TRD 9 (15.0) 6 (10.9)

Diffuse FP 19 (31.7) 17 (30.9)

Log MAR BCVA, mean ± SD 1.54 ± 0.68 1.54 ± 0.60 0.969

IOP (mmHg), mean ± SD 15.00 ± 3.19 14.85 ± 3.25 0.809

CRT (mm), mean ± SD 316.53 ± 119.43 308.73 ± 107.10 0.714

Extent of VAG, n (%) 0.578

0 0 (0.0) 0 (0.0)

1 14 (23.3) 15 (27.3)

2 23 (38.3) 24 (43.6)
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surgery, therefore causing lower incidence of
intraocular electrocoagulation use, iatrogenic
retinal breaks, relaxing retinotomy and silicone
oil tamponade during surgery, which were also
demonstrated in this study. However, due to the
fast washout of anti-VEGF during surgery, there
was no further effect on remnant neovascular-
ization after the surgery. Therefore, we did not

see the benefit of preoperative ranibizumab to
BCVA continued after 1 week. On the other
hand, although injection of anti-VEGF at the
end of vitrectomy will not affect those param-
eters during surgery, eyes in intraoperative
group could maintain a relatively high level of
anti-VEGF after vitrectomy, which is expected
to help against continuing regression of retinal

Table 1 continued

Characteristics Preoperative group (n = 60) Intraoperative group (n = 55) P value

3 23 (38.3) 16 (29.1)

SD standard deviation; BMI body mass index; VH vitreous hemorrhage; TRD tractional retinal detachment; T1DM type 1
diabetes mellitus; T2DM type 2 diabetes mellitus; FP fibrovascular proliferation; Log MAR logarithm of minimum angle of
resolution; BCVA best-corrected visual acuity; CRT central retinal thickness; VAG vitreoretinal adhesion grade

Table 2 Comparison of surgery indices between two groups

Surgery indices Preoperative group (n = 60) Intraoperative group (n = 55) P value

Surgery time (min), mean ± SD 61.50 ± 11.44 74.49 ± 12.01 \ 0.01*

Intraoperative bleeding, n (%) 13 (21.7) 22 (40.0) 0.027*

Intraocular electrocoagulation use, n (%) 11 (18.3) 20 (36.4) 0.030*

Iatrogenic retinal breaks, n (%) 5 (8.3) 12 (21.8) 0.042*

Relaxing retinotomy, n (%) 1 (1.7) 7 (12.7) 0.020*

Retinal reattachment, n (%) 57 (95.0) 51 (92.7) 0.611

Silicone oil tamponade, n (%) 21 (35.0) 30 (54.5) 0.035*

SD standard deviation

Table 3 Comparison of 3 months postoperative events between two groups

Postoperative indices Preoperative group
(n = 60)

Intraoperative group
(n = 55)

P value

VH recurrence, n (%) 6 (10.0) 6 (10.9) 0.873

NVG occurrence, n (%) 2 (3.3) 3 (5.5) 0.577

Recurrent retinal detachment, n (%) 2 (3.3) 3 (5.5) 0.577

Postoperative progressive fibrovascular proliferation,

n (%)

2 (3.3) 2 (3.6) 0.929

Reoperation, n (%) 4 (6.7) 4 (7.3) 0.898

VH vitreous hemorrhage; NVG neovascular glaucoma
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neovascularization and macular edema. How-
ever, we did not find significant difference of
BCVA at 1 or 3 months between the two groups.
This may be explained by the shorter half-life of
anti-VEGF in a vitrectomized eye. Vitrectomized
eyes are filled by aqueous humor instead of
vitreous, which will change the pharmacoki-
netics of anti-VEGF accordingly.

Previous studies reported that the half-life of
ranibizumab in aqueous humor were shorter in
vitrectomized eyes than in nonvitrectomized

eyes of Macaque monkeys (1.4 and 2.3 days,
respectively) [17]. Christoforidis et al. found
that vitrectomy reduced the half-life of ranibi-
zumab in rabbit eyes from 2.81 to 2.13 days
[18]. The clearance rates of intravitreally placed
medications such as bevacizumab, ranibizumab
and triamcinolone acetonide have been shown
to be faster after vitrectomy. VEGF levels fell
below the level of detection for 1 week after
intravitreal ranibizumab in vitrectomized eyes
and for 4 weeks in non-vitrectomized eyes

Table 4 Comparison of BCVA at each visit between two groups

BCVA (log MAR), mean – SD Preoperative group (n = 60) Intraoperative group (n = 55) P value

Baseline 1.54 ± 0.68 1.53 ± 0.60 0.969

Postoperative 1 week 1.14 ± 0.52 1.34 ± 0.50 0.039*

Postoperative 1 month 0.99 ± 0.44 1.10 ± 0.47 0.201

Postoperative 3 months 0.91 ± 0.44 0.99 ± 0.49 0.371

SD standard deviation; log MAR logarithm of minimum angle of resolution; BCVA best-corrected visual acuity

Fig. 2 BCVA at each visit during 3-month follow-up
between two groups. BCVA best-corrected visual acuity;
Log MAR logarithm of minimal angle of resolution

Table 5 Comparison of CRT at each visit between the two groups

CRT (mm), mean – SD Preoperative group (n = 60) Intraoperative group (n = 55) P value

Baseline 316.53 ± 119.43 308.73 ± 107.10 0.714

Postoperative 1 week 247.07 ± 63.11 280.45 ± 95.01 0.027*

Postoperative 1 month 230.60 ± 46.06 238.18 ± 48.97 0.394

Postoperative 3 months 225.47 ± 39.51 223.45 ± 32.57 0.767

SD standard deviation; CRT central retinal thickness

Fig. 3 CRT at each visit during 3-month follow-up
between two groups. CRT, central retinal thickness
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[19, 20]. Relevant studies in the human body
showed that the half-life of ranibizumab was
7.15 days in normal human eyes, and intravit-
real retention of ranibizumab was significantly

reduced after vitrectomy [21]. Bressler SB et al.
and Chen et al. also found that vitrectomized
eyes required more frequent injections for
improving BCVA and CRT than non-

Fig. 4 A 58-year-old woman underwent PPV for signif-
icant vitreous hemorrhage (A and E). Recurrent bleeding
occurred 1 week after surgery (B and F). VH was
significantly absorbed at 1 month (C) and parafovea

retinal edema was observed too (G). VH was completely
absorbed at 3 month (D), and PRP was clearly visible. The
parafovea retinal edema was stable (H)

Fig. 5 A 45-year-old male who had underwent incomplete
PRP was prepared for PPV for diffuse FP (A) with hard
exudation at parafovea (E). Supplemented intraoperative
laser photocoagulation (B) and hard exudation at parafo-
vea (F) can be observed at 1 week’s fundus and OCT

images. Retinal patchy hemorrhage disappeared (C), and
hard exudation was further absorbed (G) 1 month after
surgery. At the 3rd month, the fundus was stable (D) with
a good fovea structure (H)
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vitrectomized eyes [22, 23]. Koyanagi et al.
showed significant BCVA and visual gain after
intravitreal ranibizumab in nonvitrectomized
eyes compared with vitrectomized eyes at each
visit during 6-month follow-up [24]. Therefore,
presumably higher intravitreal drug clearance in
vitrectomized eyes could result in more rapid
drug diffusion and lower drug concentration,
implying limited exposure time of intravitreal
drug to the retina and less benefit on visual
gains as well as macular edema. With the self-
repairing of the retinal vessel and diminishment
of anti-VEGF effect, the benefit of anti-VEGF on
BCVA and CRT will also disappear after a longer
time, consistent with our results that BCVA and
CRT at 1- and 3-month follow-up visits showed
no significant differences between groups.

The effect of silicone oil on CRT measure-
ment should also be considered. Silicone oil
filling may accelerate the absorption of sub-
retinal fluid and, in addition, reduce the thick-
ness of the inner retina. Gilad et al. analyzed 51
silicone oil tamponade eyes of which the aver-
age filling time was 151 days. They found a
mean change of 26 mm in the internal layers
[25]. Albert et al. analyzed nine individuals
receiving silicone oil endo-tamponade for
135 days on average and found the inner retinal
layers became subsequently thinner. Ganglion
cell and inner plexiform layers contribute most
to this thinning, while outer retinal layers were
not affected [26]. However, the follow-up period
of our study was 3 months, which was signifi-
cantly less than the above study duration. So,
the effect of silicone oil tamponade on CRT is
difficult to define. However, Kheir et al. repor-
ted that the mean CRT decreased 3 months after
silicone oil tamponade, which was followed by
an increase after silicone oil removal; however,
these changes were not statistically significant
(P = 0.44) [27]. Caution should be taken in
interpreting these results because the follow-up
time of 3 months was relatively short.

Postoperative VH, which had been reported
to happen in 12–40% vitrectomized PDR
patients, will hinder monitoring of disease
course and require additional application of
laser treatment, therefore delaying visual reha-
bilitation. The risk factors of postoperative VH
include younger age, later detection of DM,

poor diabetic and hypertension control, higher
serum creatinine, broader area of active neo-
vascularization, increased extent of membrane
peeling, postoperative hypotony, postoperative
residual neovascularization membrane, unre-
lieved vitreous retinal contraction and insuffi-
cient PRP [28, 29]. PRP plays a protective role in
disease progression and surgical difficulty of
PDR [30]. We also observed a trend of less
intraoperative bleeding and fibrovascular pro-
liferation in eyes treated with retinal photoco-
agulation before surgery. In our study, baseline
characters including age, type and duration of
DM, HbA1c, VAG grading and patient propor-
tion with previous PRP was comparative
between two groups, and PRP was performed or
completed in all eyes during vitrectomies,
which were all performed by one surgeon to
minimize the selective bias and surgery hetero-
geneity. Although intraoperative IVR would not
make vitrectomy easier compared to preopera-
tive IVR, it was expected to induce vasocon-
striction of the fragile retinal vessels that were
injured during surgery, which could become a
bleeding focus after surgery. Ahn et al. reported
1.25 mg/0.05 ml bevacizumab injection at the
end of vitrectomy showed significantly
decreased VH incidence (10.8%) compared to
no injection within 1 month after the surgery
but this benefit disappeared at 2- and 3-month
follow-ups [12]. Our study found no significant
difference between intra- and preoperative IVR,
but the incidences of VH within 3 months after
surgery in both groups were comparable to
Ahn’s report. We did not have a no injection
group as control, and in our study we included
silicon oil tamponade patients, which were
excluded in Ahn’s study.

This study had several limitations. First, the
sample size of this study was relatively small.
Second, different types of diabetes may influ-
ence the postoperative results but this was not
analyzed in our study. Third, the follow-up
period of 3 months was relative short. Further-
more, as a single-center study, the generaliz-
ability of the conclusion of this study has yet to
be confirmed. Future studies with larger sample
size, longer observation period and multi-center
participation are needed to confirm the findings
of this study.
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CONCLUSION

Compared to intraoperative IVR, preoperative
IVR can significantly reduce surgery time and
lower the incidence of intraoperative bleeding,
intraocular electrocoagulation use, iatrogenic
retinal breaks, relaxing retinotomy as well as
silicone oil tamponade during surgery. Preop-
erative IVR can gain better postoperative BCVA
and thinner CRT in a short time after surgery for
PDR.
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