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Summary

Introduction

Diabetic retinopathy (DR) is among the foremost causes of 
vision loss among working-age adults in developed countries.1 
The most common causes of vision loss in DR patients are 
macular edema, vitreous hemorrhage (VH) and tractional retinal 
detachment (TRD). In DR, angiogenic mediators such as 
insulin-like growth factor-1, erythropoietin, fibroblast growth 
factor and vascular endothelial growth factor (VEGF) are 
released secondary to retinal ischemia and lead to the formation 
of neovascular structures in the retina.2,3,4 VH which arises due 
to these neovascular structures is an important clinical condition 
that prevents panretinal photocoagulation (PRP), the gold 
standard in proliferative (PDR) treatment. Half of PDR patients 

who do not receive timely treatment develop serious vision loss 
within 5 years.5

Bevacizumab is a humanized monoclonal recombinant anti-
VEGF antibody that inhibits all isoforms of VEGF. VEGF 
has been reported at three times normal levels in the vitreous 
of advanced PDR patients and is believed to play a key 
role in neovascularization.2,6 Intraocular injection of anti-
VEGF drugs induces a rapid regression of retinal and iris 
neovascularization.7,8,9,10 Although currently bevacizumab is 
usually used to treat macular edema in DR patients, it is also 
widely used to induce the regression of neovascularization 
in neovascular glaucoma and before pars plana vitrectomy 
(PPV).11,12 Considering that anti-VEGF therapy accelerates the 
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resolution of hemorrhage and facilitates PRP, it may also be a 
good choice for patients with VH. 

The aim of this study was to evaluate the efficacy of 
intravitreal bevacizumab (IVB) therapy in patients with PDR-
associated VH.

Materials and Methods

The medical records of consecutive patients who were 
diagnosed with VH due to PDR and showed no signs of TRD 
on ultrasonography in the retina clinic of our hospital between 
January 2011 and June 2012 were evaluated retrospectively. 
In accordance with the Declaration of Helsinki, all patients 
were informed about the surgical procedures and postoperative 
period, and written informed consent forms were obtained 
from all participants. 

Vitrectomized eyes, patients with simultaneous bilateral 
VH, monocular patients, and patients with advanced 
glaucoma, rubeosis iridis or TRD were excluded from the 
study. We also excluded patients with any corneal or anterior 
segment pathology that would affect final visual acuity (VA) 
or interfere with fundus imaging. IVB was not administered 
to patients with uncontrolled systemic hypertension, a history 
of thromboembolism, or a known coagulation disorder, nor to 
patients with active ocular infection. Patients followed for at 
least 6 months were included in the study.

Patients’ demographic data (age, gender, ocular and 
systemic diseases), initial corrected VA and lens status were 
recorded from their medical records. In addition, we also noted 
patients’ VA during follow-up, intraocular pressure (IOP) 
measurements, whether or not PRP could be done, VH status, 
surgical interventions (injections and PPV), follow-up time 
and any systemic or local complications. VA was measured 
using Snellen’s chart and converted to logMAR for statistical 
analysis. Goldmann applanation tonometer was used for all 
IOP measurements. Fundus examination was done using a 
+90 diopter lens. 

VH clearance time was defined as the time until primary 
vessels in the posterior pole and the optic disc were clearly 
visible and at least 3 quadrants of the peripheral retina 
were clear enough to perform PRP. Recurrent hemorrhage 
was defined as hemorrhage developing after the complete 
resolution of previous hemorrhage and clearance of the fundus. 

In our retina clinic, repeated IVB injections are applied 
to patients when initial IVB treatment does not result in 
VH clearance allowing PRP early in follow-up, or when VH 
recurs. Patients are followed for 4-6 months for spontaneous 
resolution except in cases with bilateral VH, monocular 
patients, and cases accompanied with rubeosis iridis or TRD. 
Surgery is indicated in eyes with hemorrhage that has not 
cleared by the end of this period. VH patients have monthly 
follow-up examinations and PRP is applied as soon as the 
fundus clears. When needed, PRP is repeated at subsequent 
visits. At all follow-up visits, patients without fundus clearing 
are evaluated for TRD by B-mode ultrasonography. Surgery is 

performed immediately in patients who develop TRD during 
follow-up. 

Injection Technique
IVB (1.25 mg/0.05 mL, Altuzan®, Roche) injections were 

done in sterile conditions under topical anesthesia, into the 
vitreous in the superior temporal quadrant 3.5 mm posterior 
to the limbus. Light perception was checked after injection 
and paracentesis was performed when necessary. Topical 
antibiotic therapy (moxifloxacin eye drops, 4 times daily) was 
applied for 1 week after injection. 

Surgical Technique
Vitrectomy was recommended for eyes that did not show 

hemorrhage clearance within the first 4-6 months or developed 
recurrent VH. Standard 23-gauge PPV was performed under 
local or general anesthesia. A trocar was placed in the 
inferotemporal quadrant for infusion. Additional trocars 
for the oculotome and vitrectomy probe were placed in the 
superotemporal and superonasal quadrants. After clearing the 
media of hemorrhage by core vitrectomy, the posterior hyaloid 
was removed using suction if still attached. Hemostasis was 
maintained by increasing the infusion pressure or applying 
laser directly to the extramacular neovascularization. After 
clearing the peripheral vitreous, endolaser was applied to any 
areas that could not be adequately cleared. Tamponade was not 
used in cases without any intraoperative complications; 20% 
sulfur hexafluoride (SF

6) gas was applied as a tamponade in 
cases that developed intraoperative hemorrhage and iatrogenic 
tear. After removing the trocars the scleral entries were 
assessed for leakage and any leaking incisions were sutured. 

Statistical Analysis
SPSS version 20.0 (SPSS, Chicago, IL, USA) package 

software was used in the statistical analysis of all data. 
Numerical variables are expressed as mean ± standard 
deviation. Categorical variables are expressed as frequency and 
percentage (%). The Wilcoxon test was used for dependent 
intergroup comparisons of numerical variables; the Mann 
Whitney U test was used for independent comparisons of 
the two groups. Fisher’s Exact test was used for categorical 
variables. Results with P values less than 0.05 were accepted 
as statistically significant. 

Patients who were treated by IVB injection and those who 
were followed without IVB therapy were compared in terms of 
VA change and final VA, VH clearance time, rate of early PRP 
application and rate of surgical intervention. 

Results

Demographic Characteristics
Seventy eyes of 70 patients (43 male, 27 female) who 

met the inclusion criteria were included in the study. Study 
subjects were divided into two groups, eyes treated with 
IVB (group 1, n=29) and eyes not treated with IVB (group 
2, n=41). Mean age was 56.2±9.6 years in group 1 and 
57.4±10.1 in group 2 (p=0.441). The patients’ preoperative 
characteristics are summarized in Table 1. Mean follow-up 
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time was 14.5±6.1 months in group 1 and 18.4±9.6 months 
in group 2 (p=0.185).

Anatomic Results
IVB therapy was administered to 29 eyes (group 1) at time 

of diagnosis. Thirteen (44.8%) of these eyes had a repeated IVB 
injection at an average of 4.1±3.1 months.

PRP could be performed within the first month in 25 eyes in 
group 1 (86.2%) and in 24 eyes in group 2 (58.5%) that showed 
partial or complete hemorrhage clearance (p=0.016) (Table 2). 

VH clearance time was 2.3±2.1 months in group 1 and 
3.4±2.6 months in group 2. Although VH clearance time was 
shorter in group 1, the different was not statistically significant 
(p=0.146). 

Recurrent hemorrhage developed during follow-up in 4 
eyes from group 1 and 4 eyes from group 2. Of the eyes with 
recurrent hemorrhage from group 1, PPV was performed in 3 
of the eyes and IVB injection was repeated in the other. Of the 
group 2 eyes with recurrent hemorrhage, 2 underwent PPV and 
2 were followed. 

Seven patients (24.1%) from group 1 and 20 (48.8%) from 
group 2 underwent PPV due to persistent or recurrent VH 
(p=0.048) (Table 2). The proportion of patients that underwent 
PPV was significantly higher in group 2. 

Functional Results
Initial VA was 1.83±1.0 logMAR in group 1 and 2.15±0.9 

logMAR in group 2 (p=0.08). VA at final examination was 
0.78±0.7 logMAR in group 1 and 0.69±0.5 logMAR in group 2 
(p=0.925). Difference between initial and final VA was 1.05±1.0 
logMAR in group 1 and 1.45±0.9 in group 2 (p=0.118) (Table 3). 

Complications
During follow-up, 2 eyes (6.9%) from group 1 developed 

epiretinal membrane (ERM) and 4 (13.7%) developed cataract; 
in group 2, ERM formed in 1 eye (2.4%) and cataract in 3 eyes 

(7.3%) (p=0.299). None of the patients developed neovascular 
glaucoma due to iris or angle neovascularization. No systemic 
complications associated with IVB injection were observed 
during follow-up.

Discussion

Retinal ischemia underlies the pathophysiology of PDR. 
Hypoxia-inducible factor released secondary to retinal hypoxia 
and ischemia increases expression of angiogenic factors such 
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Figure 1. Pathophysiology of proliferative diabetic retinopathy
HIF: Hypoxia-inducible factor, VEGF: Vascular endothelial growth factor, IGF-1: Insulin-like growth 
factor-1, EPO: Erythropoietin, FGF: Fibroblast growth factor, PRP: Panretinal photocoagulation

Table 1. Patients’ demographic characteristics and preoperative 
findings

iVB (+) 
(n=29)

iVB (-) 
(n=41)

p 

Number of eyes, n (%) 0.311

Right 17 (58.6) 19 (46.3)

Left 12 (41.4) 22 (53.7)

Gender, n (%) 0.004

Male 12 (58.6) 31 (75.6)

Female 17 (41.4) 10 (24.4)

Age (years), mean ± standard 
deviation

56.2±9.6 57.4±10.1 0.441

HT, n (%) 6 (20.7) 8 (19.5) 1.000

Follow-up time (months), mean ± 
standard deviation

14.5±6.1 18.4±9.6 0.185

Previous PRP, n (%) 0.565

 Completed 2 (6.9) 1 (2.4)

Partial 27 (93.1) 40 (97.6)

IVB: Intravitreal bevacizumab, HT: Systemic hypertension, PRP: Panretinal photocoagulation

Table 2. Clinical findings in eyes treated with intravitreal 
bevacizumab and eyes not treated with intravitreal 
bevacizumab

Group 1, 
iVB (+) 
(n=29)

Group 
2, iVB (-) 
(n=41)

p

Clearance time (months),  
mean ± standard deviation

2.3±2.1 3.4±2.6 0.146

PRP in first month, n (%) 25 (86.2) 24 (58.5) 0.016

PPV, n (%) 7 (24.1) 20 (48.8) 0.048

Recurrent hemorrhage, n (%) 4 (13.8) 4 (9.8) 0.709

IVB: Intravitreal bevacizumab, PRP: Panretinal photocoagulation, PPV: Pars plana 
vitrectomy

Table 3. Visual acuity changes in the study groups

Group 1, iVB (+) 
(n=29)

Group 2, iVB (-) 
(n=41)

p1

Initial VA 1.83±1.0 2.15±0.9 0.08

Final VA 0.78±0.7 0.69±0.5 0.925

Change in VA 1.05±1.0 1.45±0.9 0.118

p2 0.002 <0.001

IVB: Intravitreal bevacizumab, VA: Visual acuity (logMAR), Change in VA: the difference 
in visual acuity between initial and final values, p1: Comparison of groups 1 and 2 (Mann-
Whitney U test), p2: Comparison of initial and final visual acuity values (Wilcoxon test) 
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as VEGF, insulin-like growth factor-1 and erythropoietin,2,3,4 
thereby leading to the formation of new vessels and fibrovascular 
structures (Figure 1). Contraction of the fibrous component can 
increase the tendency of neovascular structures to bleed and, in 
advanced cases, lead to TRD. PRP is currently accepted as the 
gold standard in PDR treatment.13,14 However, photocoagulation 
therapy may not be possible in eyes with intravitreal opacity such 
as VH. This condition leads to the progression of neovascular 
tissue and may result in persistent VH, recurrent VH, or 
development of TRD. Currently, in patients whose hemorrhage 
does not clear spontaneously, PRP is performing after clearing 
the media by vitrectomy.

In recent years, intravitreal anti-VEGF agents have been 
used in DR treatment for diabetic macular edema, preretinal 
hemorrhage, active neovascularization and as preoperative 
adjuvant therapy in PDR cases.9,10,11,12,15,16,17 Anti-VEGF drugs 
prevent the formation of new vasculature by directly affecting 
VEGF, but reducing retinal ischemia is not among their 
functions (Figure 1). It has been reported that the efficacy of 
anti-VEGF agents is transitory when used alone to treat PDR, 
and effective long-term results were only attainable when these 
drugs are used in addition to PRP.18 

With the present study, we aimed to evaluate the effects of 
IVB on hemorrhage clearance time, need for surgery and final 
VA results in diabetic patients with VH. Our results indicate 
that IVB therapy does not significantly impact clearance time 
(2.3 months in group 1 and 3.4 months in group 2, p=0.146), 
but decreases the number of cases requiring surgery (24% 
in group 1 and 49% in group 2, p=0.048). Reports in the 
literature regarding the effect of anti-VEGF drugs in VH 
are equivocal.19,20,21 Huang et al.19 found that bevacizumab 
therapy reduced both clearance time and the surgery rate in 
VH patients. In a study by the Diabetic Retinopathy Clinical 
Research Network (DRCRnet), researchers applied intravitreal 
ranibizumab to 125 eyes and intravitreal saline to 136 eyes of 
diabetic patients with VH that precluded PRP. At 16 weeks 
after injection, eyes injected with ranibizumab showed a greater 
improvement in VA, lower rate of recurrent hemorrhage and 
significantly higher rate of PRP completion compared to the 
saline-injected group.20 However, in a later report of results at 1 
year, they reported no significant differences in VA outcomes or 
surgery rates.21 

Intravitreal anti-VEGF drugs are known to have a half-life 
of 7-10 days in the eye22,23 and their clinical efficacy is as short 
as 4 weeks.23,24 As anti-VEGF agents block new vessel formation 
and also induce regression of existing vessels,9,10,25 they can 
theoretically prevent new hemorrhages from preexisting or 
new loci in VH patients. Thus, injection of anti-VEGF drugs 
facilitates clearing of the media and should allow the application 
of PRP in more patients in the early phase. Consistent with 
the results reported in the DRCRnet study, in the present 
study we observed a higher rate of PRP completion in the 
first month in patients treated with IVB. Because of the drug’s 

short half-life, it is expected that IVB is not effective against 
recurrent hemorrhage in the long term. The completion of laser 
photocoagulation, the current gold standard therapy for PDR, 
remains important for the long-term prevention of recurrent 
hemorrhage.13,14 In our study, the rates of recurrent hemorrhage 
during follow-up were comparable in the two groups (13.8% in 
group 1 and 9.8% in group 2). However, in group 2 PRP could 
be completed in a larger proportion of patients after vitrectomy 
and media clearance.

The ideal interval for repeated IVB injections in cases of 
PDR-associated VH has not been clearly established. Huang 
et al.19 applied a second injection in eyes not exhibiting signs 
of hemorrhage clearance 4-6 weeks after the first injection. 
Although the injection interval could not be standardized 
due to the retrospective nature of our study, repeated IVB 
injections were administered to eyes that did not show 
reduced hemorrhage or developed recurrent hemorrhage in 
early follow-up. Prospective, controlled studies are needed to 
determine the efficacy and frequency of repeated injections for 
the treatment of VH associated with PDR.

In general, the VA of PDR patients can be expected to 
return to pre-hemorrhage levels after the VH is completely 
resorbed. Huang et al.19 found that eyes injected with IVB 
and those not injected showed similar improvements in 
VA in PDR-associated VH patients followed for at least 12 
months. DRCRnet reported that VA improved more in the 
ranibizumab-injected group in the short term, but found 
no difference between the two groups in the long term.20,21 
Similarly, in our case series we observed comparable results in 
VA improvement and final VA levels between the two groups. 
Our findings that bevacizumab injection does not result in 
a significant difference in final VA support results obtained 
by other researchers. It has been demonstrated in previous 
studies that VA loss secondary to PRP is attenuated when anti-
VEGF therapy is applied in combination to PRP in diabetic 
patients.26,27,28 However, both the present study and previous 
ones20,22 could not demonstrate any positive effect of anti-
VEGF drugs on visual function in VH patients.

Conclusion

IVB was found effective in cases with VH secondary to 
PDR in terms of reducing the need for surgery and increasing 
the rate of PRP completion in the early period, but it did not 
impact final VA. 
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