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Abstract

Purpose: To report the short-term efficacy and safety of intravitreal bevacizumab (Avastin) injection with
panretinal laser photocoagulation (PRP) in patients with high-risk proliferative diabetic retinopathy (PDR)
according to the Early Treatment Diabetic Retinopathy Study criteria.
Methods: A prospective, interventional case series study was conducted in 17 patients (20 eyes) with high-risk
PDR, who were treated with intravitreal bevacizumab (2.5 mg) followed by PRP when the peripheral vitreous
became clear or 2 weeks after injection. Patients underwent complete ophthalmic evaluation, including Snellen
visual acuity and fluorescein angiography at baseline, 1, 3, and 6 months after bevacizumab injection. Main
outcome measures included the serial changes in visual acuity, vitreous clear-up time, and neovascularization on
the disc (NVD) regression time.
Results: All patients had obvious reduction in angiographic leakage and involution of retinal neovascularization
(NV) at the 1- and 3-month follow-up. The mean follow-up time was 7.5 months. The vitreous hemorrhage (VH)
showed a partial resolution as early as 1 week, and complete regression at 3 months. The mean vitreous clear-up
time after intravitreal Avastin was 8.5 – 2.2 weeks. The mean time interval from intravitreal Avastin to NVD
regression was 10.8 – 3.4 weeks. Mean logarithm of the minimum angle resolution visual acuity improved from
1.03 at baseline to 0.36 at 1-month, 0.38 at 3-month, and 0.48 at the 6-month follow-up (P < 0.01). Three eyes
(18%) required vitrectomy surgery during follow-up. The indication for vitrectomy was dense, persistent VH in 2
eyes, and focal tractional retinal detachment (TRD) in 1 eye. Recurrent retinal NV with minor preretinal hem-
orrhage was observed in 6 eyes (30%) 3 months after the first injection, and resolved after repeated bevacizumab
injections. Patients received an average of 1.4 injections (range: 1–2). Seven eyes (35%) underwent 2 injections.
One eye (5%) had ocular complication of PDR progression to TRD. No systemic adverse events were observed
following injections.
Conclusions: Short-term results suggest combined intravitreal bevacizumab and PRP achieved rapid clearance of
VH, regression of retinal NV, and visual improvement in the treatment of high-risk PDR. Long-term study is
warranted to assess the long-term efficacy and safety.

Introduction

Diabetic retinopathy remains the most common cause
of visual loss in working aged adults in developed

countries.1 Without timely treatment, 50% of the patients
with proliferative diabetic retinopathy (PDR) will lose their
sight within 5 years.2 The occurrence and growth of retinal
new vessels [neovascularization (NV)], either on the disc or

elsewhere, is an important risk factor for severe loss of vision
in patients with diabetic mellitus.3 The retinal NV is gener-
ally thought to occur as a response to retinal hypoxia and
ischemia, and secondary release of the vascular endothelial
growth factor (VEGF) into the vitreous cavity.4–6

VEGF is a potent stimulus for vascular leakage and en-
dothelial proliferation and migration.7 The vitreous levels of
VEGF were elevated by about 3-fold in patients with severe
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PDR.8 Since PDR is associated with an increased level of
VEGF in the vitreous,4,6,8 and VEGF has been shown to play
a key role in the development of NV,5 blocking VEGF the-
oretically should reverse many complications resulting from
PDR. Thus, anti-VEGF pharmacologic therapy could be a
promising alternative therapy for PDR with retinal NV.

Bevacizumab (Avastin; Genetech, San Francisco, CA) is a
recombinant monoclonal antibody that binds all isoforms of
VEGF. The systemic administration of bevacizumab is ap-
proved for metastatic colon cancer.9 Recently, regression of
retinal NV and resolution of vitreous hemorrhage (VH) were
reported after a single injection of bevacizumab.10,11 The
author suggested the mechanism that bevacizumab can re-
gress the NV and stop the multiple rebleeding episodes
during the VH clearing process.10 However, this effect
seemed not to be durable because NV tended to recur
after 12 weeks.12 Herein, we conducted a prospective study
to investigate the efficacy and safety of intravitreal bev-
acizumab (Avastin) injection in combination with subse-
quent panretinal laser photocoagulation (PRP) to treat
patients with high-risk PDR.

Patients and Methods

In this prospective, uncontrolled interventional case series
study, patients diagnosed with high-risk PDR, complicated
by VH and/or retinal neovascularization on the disc (NVD),
were enrolled between January 2010 and August 2011 at
Taipei Veterans General Hospital (Taipei, Taiwan). The
study protocol was approved by the Institutional Review
Board of Taipei Veterans General Hospital.

Study design and baseline evaluation

Demographics and baseline clinical findings, including
age, sex, duration, and category of diabetic mellitus, meta-
bolic control (hemoglobin A1c), associated systemic diseases
(hypertension), and previous laser treatment, were recorded.
The ocular and systemic safety of intravitreal injection of
bevacizumab were also evaluated and analyzed.

Patients were included if they had high-risk PDR, which
was defined according to the guidelines by the Early Treat-
ment Diabetic Retinopathy Study,3,13 as any one of the fol-
lowing: (1) presence of moderate to severe NVs at the disc
(NVDs) with 1/4–1/3 disc area in size or larger; (2) presence
of any NVDs associated with vitreous or preretinal hemor-
rhage, or (3) NVs elsewhere with more than a half disc area
associated with vitreous or preretinal hemorrhage. Exclusion
criteria included (1) history of prior vitreoretinal surgery
(vitrectomy, intravitreal triamcinolone injection) in the study
eye; (2) history of any thromboembolic event (including
myocardial infarction or cerebral vascular accident); (3) ma-
jor surgery within the prior 6 months or planned within the
next 28 days; (4) uncontrolled hypertension; (5) known co-
agulation abnormalities or current use of anticoagulative
medication other than aspirin; or (6) evidence of exter-
nal ocular infection (conjunctivitis, keratitis, or significant
blepharitis).

Each patient received detailed complete ophthalmologic
examinations, including best-corrected visual acuity (BCVA)
measurements converted to a logarithm of the minimum
angle resolution (logMAR), intraocular pressure (IOP), slit
lamp biomicroscopy, indirect ophthalmoscopy, fundus

photography, and fluorescein angiography (FA) at the first
visit (baseline evaluation), 1, 3, and 6 months after injection.

All patients signed a written informed consent form. The
nature of off-label use of this drug and its potential side
effects of endophthalmitis, retinal detachment, and the pos-
sibility of thromboembolic events were discussed with pa-
tients before obtaining informed consent.

Ophthalmic follow-up examinations and main
outcome measures

Postinjection follow-up was scheduled at 1 day and 1
week, and then every 4 weeks thereafter. At each visit,
complete ophthalmologic examinations were performed.
Echographic evidence of vitreoretinal traction (VRT) was
also noted during follow-up. Systemic or ocular adverse
events were monitored. In eyes with VH, attempt of some
scatter PRP was performed when the peripheral vitreous
became clear, and supplemental PRP was performed during
monthly return visits. In eyes without VH, full scatter PRP
was performed 2 weeks after injection.

Two outcome measures were used to evaluate the short-
term effects of bevacizumab. The primary study outcome
measure was defined as the serial change in mean logMAR
BCVA. The secondary outcome measure was the vitreous
clear-up time and NVD regression time. The vitreous clear-
up time was defined as clearly visible main retinal vessels
and optic disc in the posterior pole with the peripheral retina
clear enough for a successful PRP in at least 3 quadrants.
Panretinal photocoagulation was performed by independent
ophthalmologists unaware of this study. The NVD regres-
sion time was defined as the total absence of previous
fluorescein leakage from the active NVD before Avastin in-
jections. The following results were also recorded to evaluate
the effects of bevacizumab: number of patients who need
second injection, rate of persistent or recurrent VH, and
frequency of eyes underwent vitrectomy during follow-up.

Injection technique

Injection was performed via pars plana under aseptic
conditions in the operation room. Before injection, topical
anesthetic eye drops were applied at least 3 times. The con-
junctival sac and eyelid margin were rinsed with the
povidone-iodine solution. After application of a sterile drape,
a lid speculum was inserted. The dosage for intravitreal
bevacizumab injections was 2.5 mg (0.1 mL), injected using a
syringe with a 30G needle at a distance of 4.0 mm from the
limbus at phakic eyes, and 3.5 mm in pseudophakic eyes.
Before injection, anterior chamber paracentesis was per-
formed to maintain adequate postoperative IOP. The needle
was removed carefully using a sterile cotton applicator
to prevent reflux. After injection, antibiotic eye drops and
topical corticosteroid eye drops were applied 4 times a day
for 1 week.

Statistical analysis

Statistical analysis of the data was performed using SPSS
software (version 18.0 SPSS, Inc., Chicago, IL). The serial
changes in mean BCVA were presented. BCVA was reported
as logMAR visual acuity and the Snellen equivalent. Con-
tinuous outcomes were compared using the Wilcoxon t test.
A P-value < 0.05 was considered statistically significant.
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Results

A total of 17 consecutive patients (20 eyes) with high-risk
PDR, complicated by VH or NVD, were enrolled and inves-
tigated in this study. The baseline characteristics of patients
are summarized and shown in Table 1. Of the 17 patients, 10
were female and 7 were male. Thirteen eyes presented with
VH, and 7 eyes presented with moderate to severe NVD. The
mean age was 54.9 – 9.1 years (age range: 44–81). The mean
follow-up period was 7.5 months (range: 6.5–12 months).
Eight patients had a history of hypertension (47%). PRP has
been previously performed on 5 (29%) patients.

After intravitreal injection of bevacizumab, all patients
had obvious reduction in angiographic leakage and involu-
tion of NV at the 1- and 3-month follow-up. The VH showed
a partial resolution as early as 1 week, and complete re-
gression at 3 months. In the 12 patients (71%) without pre-
vious laser PRP treatment (naive eyes), bevacizumab also
resulted in rapid clearance of VH and avoided vitrectomy
surgery in these high-risk patients. Patients received an
average of 1.4 injections during follow-up (range: 1–2).
Thirty-five percent of eyes (7 eyes) underwent repeated in-
jections. The detailed data and clinical outcomes of patients
after intravitreal injection of bevacizumab are presented in
Table 2. Seventeen eyes (85%) underwent laser PRP after the
intravitreal injection of bevacizumab. The time interval from
the first intravitreal bevacizumab to further PRP was 4.5 – 3.5
weeks during follow-up.

The mean Snellen visual acuity improved from 20/214 at
baseline to 20/46 at 1-month, 20/48 at 3-month, and 20/59 at
the 6-month follow-up. Nine of the 17 eyes (53%) showed an
improvement in VA of more than 3 lines on the Snellen chart.
Baseline mean BCVA with the logMAR scale was 1.03 – 0.64.
LogMAR BCVA improved to 0.36 – 0.23, 0.38 – 0.27, and
0.48 – 0.43 at 1, 3, and 6 months, respectively, following
the injection of bevacizumab (P < 0.01 at each time points)
(Fig. 1). No patient had loss of vision greater than one line at
the last visit. One eye (5%) had ocular complication of PDR

progression to tractional retinal detachment (TRD). No sys-
temic adverse events were observed following injections.

In 13 eyes of high-risk PDR complicated with VH, the
mean vitreous clear-up time after intravitreal Avastin was
8.5 – 2.2 weeks. The increased fibrovascular retinal traction
was noted in 6 eyes (30%) during follow-up. A patient who
presented with VH and was treated with intravitreal injec-
tions of bevacizumab is shown in Fig. 2. Three eyes required
vitrectomy surgery during follow-up. The mean time inter-
val from intravitreal Avastin to vitrectomy was 7.3 weeks.
Among those 3 eyes, the indication for vitrectomy was
dense, persistent VH in 2 eyes (66.7%), and development and
progression of focal TRD in 1 eye (33.3%). The risk factors of
making an eye most likely to fail combined intravitreal
bevacizumab and PRP therapy include severe PDR with
preexisting fibrovascular proliferation and focal TRD.

In 7 eyes of high-risk PDR complicated with moderate
to severe NVD, the mean time interval from intravitreal
Avastin to complete NVD regression on FA examination was

Table 1. Baseline Characteristics of Patients

with Intravitreal Injection of Bevacizumab

Characteristics Study patients (n = 17)

Number of patients 17
Gender

Male 7
Female 10

Number of eyes 20
Right eye 9
Left eye 11

Age of onset (mean – SD) 54.9 – 9.1
Range 44–81

Type of DM (n)
Type 1 insulin-dependent diabetes

mellitus (IDDM)
3

Type 2 non-insulin-dependent
diabetes mellitus (NIDDM)

14

Duration of DM (years) (mean – SD) 15.1 – 8.6
Hemoglobin A1c (mean – SD) 9.5 – 2.1
Presence of hypertension [n (%)] 8 (47)
Prior PRP [n (%)] 5 (29)

SD, standard deviation; DM, diabetes mellitus; PRP, panretinal
laser photocoagulation.

Table 2. Clinical Outcomes for Study Eyes After

Intravitreal Injection of Bevacizumab

Clinical outcome Study eyes (n = 17)

Number of IVIA (mean – SD) 1.4 – 0.5
Time of NVD regression

(weeks) (mean – SD)
10.8 – 3.4

VCUT without vitrectomy
(weeks) (mean – SD)

8.5 – 2.2

Eyes underwent vitrectomy
during follow-up [n (%)]

3 (18)

Indication for vitrectomy [n (%)]
Dense VH 2 (66.7)
Focal TRD 1 (33.3)

Baseline BCVA (logMAR) 1.03 – 0.64
6 months BCVA (logMAR) 0.48 – 0.43
Difference between baseline

and 6 months BCVAa (logMAR)
0.56 – 0.55

aStatistical analysis of the difference between baseline and 6
months BCVA was performed using the Wilcoxon t test: P < 0.01
(P < 0.05 was considered statistically significant).

IVIA, intravitreal injection of Avastin; NVD, neovascularization
on the disc; VCUT, vitreous clear-up time; TRD, tractional retinal
detachment; VH, vitreous hemorrhage; BCVA, best-corrected visual
acuity; logMAR, logarithm of the minimum angle resolution.

FIG. 1. Mean best-corrected visual acuity [logarithm of the
minimum angle resolution (logMAR)] changes in eyes with
proliferative diabetic retinopathy (n = 17) at baseline and
different time points after intravitreal bevacizumab injections
(*P < 0.01 at each time points).
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10.8 – 3.4 weeks. A patient who presented with high-risk
PDR and severe NVD and was treated with repeated injec-
tions of bevacizumab is shown in Fig. 3. Partially reperfused
retinal NV with minor preretinal hemorrhage was observed
in 6 eyes (30%), 3 months after the first injection, and re-
solved after repeated bevacizumab injections. There was no
new NV or enlarged area of prior retinal NV noted in any
patients during the follow-up period.

Discussion

Our study demonstrated that intravitreal bevacizumab
in combination with PRP showed promising short-term
functional and anatomic effects in the treatment of the
complication associated with high-risk PDR. Intravitreal
bevacizumab achieved marked regression of retinal NV, ra-
pid resolution of VH, and concomitant visual improvement.
Mean VA had a statistically significant improvement from
20/214 to 20/59 during a mean 7.5-month follow-up

(P < 0.01). Twelve patients (71%) without previous laser PRP
treatment (naive eyes), bevacizumab also resulted in rapid
clearance of VH, and avoided vitrectomy surgery in these
high-risk patients. Since the currently used treatment mo-
dality of laser PRP has its limitations and drawbacks, com-
bined anti-VEGF pharmacologic therapy and PRP appear as
an alternative or adjunctive therapeutic option for PDR.

The healthy human retina contains little VEGF; however,
patients with active PDR were associated with elevated vit-
reous levels of VEGF.5 Increased VEGF, triggered by hyp-
oxia, is a key mediator of retinal NV and macular edema.4–6

FIG. 2. A 51-year-old female presented with moderate (1/2
disc area) neovascularization elsewhere (NVE) and vitreous
hemorrhage (VH) in the left eye, and fluorescein angiogra-
phy (FA) showed large regions of NVE leakage compatible
with the diagnosis of high-risk proliferative diabetic reti-
nopathy. She received the first intravitreal injection of bev-
acizumab at baseline. After 1 month, VH remarkably cleared,
and visual acuity improved from counting fingers (CF) at
baseline to 20/40. Three months after bevacizumab injection,
VH completely cleared up and FA disclosed no more fluo-
rescein leakage from NVE. After 6 months, NVE completely
regressed with fibrous tissue left. Color images available
online at www.liebertpub.com/jop

FIG. 3. A 50-year-old male presented with severe neo-
vascularization on the disc (NVD), compatible with the
diagnosis of high-risk proliferative diabetic retinopathy.
FA showed profuse NVD leakage and a large area of capil-
lary dropout. He received the first intravitreal injection
of bevacizumab at baseline. After 3 months, NVD com-
pletely regressed without any fluorescein leakage. However,
reperfused NVD with preretinal hemorrhage occurred in the
6-month follow-up, thus, he received repeated intravitreal
bevacizumab injection. NVD regressed again at the 9-month
follow-up, and visual acuity improved from 20/50 at base-
line to 20/25. Color images available online at www
.liebertpub.com/jop
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Previous study has also demonstrated that the VEGF con-
centration declined after successful laser PRP.5 Furthermore,
injection of VEGF in primates can produce an ischemic reti-
nopathy similar to diabetic retinopathy and even produce
iris NV.14 Therefore, inhibition of VEGF by intravitreal
bevacizumab could theoretically provide a potential thera-
peutic advantage for retinal NV in PDR.

PRP currently is the mainstay and gold standard therapy
for PDR since the Diabetic Retinopathy Study was pub-
lished.15 It is estimated that about 60% PDR patients respond
to laser PRP with retinal NV regression within 3 months.16

However, it is a destructive procedure, often painful, and
may be associated with a decreased peripheral visual field
and an increased risk of macular edema.15 Many diabetic
patients need additional laser therapy and 4.5% of them
eventually require vitrectomy surgery despite laser PRP.17

Moreover, NV regression may take several weeks after
completion of PRP, and NV continues to grow despite the
first session of PRP in one-third of patients.18 Therefore, VH
may lead to visual loss and preclude complete laser PRP in
these patients. The current study demonstrated the advan-
tage of intravitreal bevacizumab on the management of pa-
tients with PDR and VH. It may play as a new therapeutic
option or an adjuvant agent to PRP in some patients of PDR,
such as when VH precludes the visualization of fundus and
prevents adequate laser PRP. However, the possibility of
worsening TRD is a major concern. The main shortcoming of
bevacizumab is the short duration of its effect. Conversely,
laser PRP has better durability. In the current study, com-
bined bevacizumab and supplemental PRP accelerated the
VH clear-up and NV regression. In the present study, in-
travitreal bevacizumab may also have synergistic effects,
when used in combination with PRP for the treatment of
high-risk PDR with severe NVD.

Although PRP was performed, partially recurrent retinal
NV with minor preretinal hemorrhage was observed in 6 eyes
(30%), 3 months after the first injection, and resolved after
repeated bevacizumab injections. Similar observations have
been reported in the literature.10–12 Reperfused NV after first
injection may be attributed to an insufficient amount of bev-
acizumab after the loading injection. Jorge et al. reported that
the maximal bevacizumab effect on retinal NV regression was
evident at week 6, with recurrent NV leakage observed in 93%
of eyes at the 12th week.12 However, the area of recurrent NV
leakage at week 12 was significantly decreased compared to
the baseline area.12 Matsumoto et al. also reported that re-
bound macular edema was observed following intravitreal
bevacizumab in patients with retinal vein occlusion of a
chronic nature.19 The authors hypothesized that bevacizumab-
induced upregulation of VEGF receptors may be more sensi-
tive to the VEGF in the underlying ischemic state.19 The onset
of recurrent retinal NV varied among our patients. In the
current study, we chose to defer the reinjection only when
recurrent NV occurred. We hypothesized that the factors
influencing the recurrence of retinal NV after the first injection
may include the larger area of ischemic retina, absence of prior
laser PRP, staging of preexisting retinal new vessels, and the
inadequacy of subsequent laser PRP. Therefore, a regular fol-
low-up with repeated bevacizumab injections and subsequent
PRP may be necessary to sustain a steady outcome in patients
with high and prolonged VEGF levels.

The optimal dosing of intravitreal bevacizumab in treating
PDR is still undetermined. Doses of bevacizumab used in the

literature have ranged from 1.25 to 2.5 mg.10,11,20,21 We chose
the higher dose of 2.5 mg in this study in the hopes of
prolonging the therapeutic effect and reducing the number of
repeated injections. The average number of injections in this
study was 1.4 in a 6-month follow-up. Furthermore, Arevalo
et al. reported a dose-dependent response that 2.5 mg dosage
seemed to be more effective than the 1.25 mg to have com-
plete NV regression in naı̈ve eyes.20 Nevertheless, in a recent
biologic study, a possible therapeutic effect in the fellow eye
raises concern that systemic side effects are possible in pa-
tients undergoing intravitreal bevacizumab (6.2 mg–1.25 mg)
treatment, and a lower dose regimen may achieve a thera-
peutic result with less risk of systemic side effects.11 Further
study of the optimal dosing of intravitreal bevacizumab in
treating PDR is indicated.

Three eyes required vitrectomy surgery despite in-
travitreal bevacizumab during follow-up. Among those 3
eyes, the indication for vitrectomy was dense, persistent VH
without any sign of hemorrhage absorption in 2 eyes, and
PDR progression to focal TRD in 1 eye. Theoretically, the
anti-VEGF pharmacologic agent has fibrosis-inducing ability
and increases VRT. In literature, the progression to TRD
from a preexisting fibrovascular tissue contraction is a risk in
few cases after intravitreal bevacizumab.10,20,22 Furthermore,
Arevalo et al. reported the development or progression of
TRD in 5.2% patients with severe PDR following intravitreal
bevacizumab.23 Cautious echographic examinations should
be done before intravitreal bevacizumab to exclude the pa-
tients with broad vitreoretinal adhesion. Thereafter, careful
ophthalmologic examinations and echographic evidence of
VRT should be carefully monitored at the follow-up visit
after intravitreal bevacizumab therapy.

The limitations of this current study included the fact that
it had relatively small number of patients (sufficient for
statistical purposes) and short-term follow-up period. There
was no control group of PDR without intravitreal bev-
acizumab treatment. A long-term prospective study is nee-
ded to confirm the maintenance of therapeutic benefit
suggested in this study. Evaluation of possible long-term
ocular and systemic adverse effects is also essential.

In conclusion, the observed anatomic (by ophthalmic ex-
amination and FA) and visual acuity improvements after
combined intravitreal bevacizumab injection and PRP dem-
onstrated that it was a useful alternative or adjunctive
treatment for high-risk PDR. However, multiple reinjections
are necessary to maintain the visual improvement in some
patients. Long-term study is mandatory to determine the
optimal dosing regimen.
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