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Abstract

Purpose: To report the occurrence of optic disk and retinal collaterals in 
eyes with macular edema secondary to central (CRVO) and branch retinal vein 
occlusion (BRVO) treated with intravitreal bevacizumab (IVB).

Material and Methods: Retrospective, interventional study. The files and 
photographs of 22 eyes from 22 patients with macular edema secondary to 
BRVO and CRVO treated with IVB were revised.

Results: Fifteen eyes presented BRVO and seven eyes presented CRVO. 
None of the eyes had been previously treated with laser. Average best-corrected 
visual acuity improved from 44.8±21 letters to 58.3±22.8 letters by the end of 
the first year and 56.7±25.5 letters by the end of the second year (p=0.00001 
and p=0.005 respectively, Student t test for paired data). The average number 
of IVB performed during the first year was 4.4±2.5 (range 2 to 13) and 2.1±2.2 
(range 1 to 13) during the second year. By the end of the second year, 11 eyes 
in the BRVO group presented collateral vessels (seven eyes presented optic 
disk shunts and four eyes presented intraretinal collaterals) and six eyes in the 
CRVO group presented optic disk shunts.

Conclusion: IVB does not prevent optic nerve and retinal collateralization 
in eyes treated for macular edema secondary to retinal vein occlusion.
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Introduction
Retinal vein occlusions (RVO) are the most frequent vascular 

diseases of the retina after diabetic retinopathy [1]. These conditions 
may frequently cause macular edema and ischemia resulting in 
reduced visual acuity. During the past 20 years several therapeutic 
options have been tried such as laser chorioretinal anastomosis, 
intravitreal and intraluminal recombinant tissue plasminogen 
activator, isovolemic hemodilution, hyperbaric oxygen therapy and 
vitrectomy with or without radial optic neurotomy (RON) [2-6]. One 
of the assumptions of some of these approaches was the creation of 
veno-venous anastomosis that might provide collateral circulation 
and thus restore the disturbed venous circulation.

In vivo and in vitro research has shown that vascular endothelial 
growth factor (VEGF) is over-expressed in eyes with RVO, [7] and 
that it is significantly correlated with the non-perfused areas and with 
the severity of macular edema [8]. Anti-VEGF therapy has become a 
useful tool in the management of macular edema secondary to RVO 
[9-14], improving visual acuity and reducing severe complications 
such as neovascular glaucoma. However, early research on eyes treated 
with intravitreal bevacizumab revealed absence of collateral vessels 
arising significant concern on the effect of anti VEGF treatment on 
ischemic retina [15].

We describe a group of laser-naïve patients with RVO treated 
with serial intravitreal injections of 1.25mg bevacizumab (IVB) 
who developed optic disk and intraretinal collaterals during IVB 
treatment.
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Material and Methods
Retrospective, interventional study. The files and fundus 

photographs of laser-naïve patients with macular edema secondary 
to RVO that had been treated with IVB were revised. A complete 
ocular examination including fluorescein angiography (FA) and 
Spectral Domain Optical Coherence Tomography (SD-OCT) (Cirrus, 
Carl Zeiss Meditech, Dublin, CA, USA) was performed at baseline 
when RVO was diagnosed and IVB treatment was decided. Follow-
up evaluations consisted of determination of best-corrected visual 
acuity (BCVA), intraocular pressure, anterior and posterior segment 
examination and SD-OCT. Treatment consisted of 1.25mg IVB 
performed on a “treat and extend” protocol.

Results
Twenty-two patients with macular edema secondary to RVO that 

had been treated with IVB were identified. Fifteen patients presented 
with branch retinal vein occlusion [BRVO] (five of them were 
females) and seven with central retinal vein occlusion [CRVO] (one 
female). The mean age at baseline was 70±9 years.

None of the patients had received previous laser treatment. 
Baseline FA revealed retinal ischemia larger than five optic disk areas 
in nine eyes with BRVO and in five eyes with CRVO. (Figure 1) One 
of the eyes with CRVO had been previously unsuccessfully treated 
by vitrectomy and RON. Basal average BCVA was 44.8±21 Early 
Treatment Diabetic Retinopathy Study (ETDRS) letters and central 
macular thickness (CMT) as determined by SD-OCT was 592±242 
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µm. After 1-year treatment with an average 4.4±2.5 IVB (range 2 to 
13), mean BCVA was 58.3±22.8 letters (22 eyes; p=0.00001, Student 
t test for paired data) and CMT was 313±173 µm (p=0.0004). At 
2-years, mean BCVA was 56.7±25.5 ETDRS letters (21 eyes; p=0.005), 
with 13 treatment-free patients and an average 2.1±2.2 IVB (range 
1 to 13). CMT was 300±149 µm (p=0.002). Eight eyes still required 
anti VEGF therapy during the second year and received an average 
7.0±3.6 IVB. By the end of the third year, mean BCVA was 65.2±18.3 
ETDRS letters (12 eyes; p=0.0003), with six treatment-free patients 
and an average 2.3±2.4 IVB (range 1 to 11). CMT was 296±84 µm 
(p=0.0003).

By the end of the second year, 11 eyes in the BRVO group 
presented collateral vessels (seven presented optic disk shunts and 
four presented intraretinal collaterals) (Figure 2) and six eyes in the 
CRVO group presented optic disk shunts (Figure 3). All the eyes with 
basal retinal ischemia developed collateral vessels. Those eyes that 
required IVB during the second and third year presented collateral 
vessels.

Discussion
Restoration of venous flow in eyes with RVO is considered to occur 

by either re-canalization of the obstructed vein or the development 
of collateral vessels [16]. In fact, the benefits of certain therapeutic 
procedures such as RON [17] and laser-induced chorioretinal 
anastomosis [18] were attributed to the formation of collaterals and 
the amount of new vessels was correlated to the reduction of macular 
edema [19]. Optic disk collaterals have been described in 77% of the 
cases with untreated CRVO [20] (Figures 4-5).

During the past decade, growing evidence has supported the 
efficacy and safety of intravitreal anti-VEGF therapy in eyes with 
macular edema secondary to retinal vascular disease, as suggested by 
good visual outcomes and limited local and systemic side effects [9-
14]. However, the fear of increasing retinal ischemia by the inhibition 
of collateral vessels has limited this treatment. Ferrara et al. were 
unable to observe collateral vessels forming at the optic nerve head 
after evaluating the effects of IVB on six eyes with macular edema 

secondary to CRVO with a mean follow-up of 12 months (ranging 
from 7 to 15 months), concluding that the anti VEGF effects of 
IVB might have inhibited the formation of collaterals, even though 
visual acuity gain and reduced macular edema were not otherwise 
compromised [15]. Similar results were reported by Shah et al. on a 
series of 9 eyes with CRVO treated with one single injection of 2.5mg 
bevacizumab followed by panretinal and grid laser [21].

The occurrence of collateral vessels in eyes with RVO after 
IVB treatment has been previously reported [22]. Spaide [23] and 
Goldberg [24] reported on the occurrence of collateralization after 
intravitreal ranibizumab in eyes with BRVO and CRVO, respectively. 
We have observed a high prevalence of collateralization in our 
series (17/21 eyes). The occurrence of these collaterals is even more 
remarkable considering the average number of intravitreal injections 
performed and that all the eyes that required IVB during the second 

Figure 1: Fluorescein angiography in four eyes with retinal vein occlusion 
prior to treatment with intravitreal bevacizumab. 1a-1b: Branch retinal vein 
occlusion (BRVO) in two eyes with retinal ischemia larger than five disk areas 
(DA). 1c: BRVO with retinal ischemia smaller than five DA. 1d: Central retinal 
vein occlusion (CRVO) with moderate retinal ischemia smaller than five DA.

Figure 2: Color photographs from six eyes with branch retinal vein occlusion 
treated by serial monthly intravitreal bevacizumab (IVB). 2a-2c: Treatment-
naïve eyes treated by IVB with optic disk collaterals. 2d-2f: Treatment-naïve 
eyes treated by IVB with retinal collaterals.

Figure 3: Color photographs documenting the occurrence of optic disk shunts 
in eyes with central retinal vein occlusion treated with intravitreal bevacizumab 
(IVB). 3a-3d: Treatment-naïve eyes treated by IVB with optic disk collaterals. 
3e: This eye had been previously treated by vitrectomy and radial optic 
neurotomy followed by monthly IVB that did not prevent the occurrence of 
optic disk shunts. 3f: This eye required IVB during six consecutive months. 
Optic disk collaterals were not observed.
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year developed collaterals. One eye that presented with neovascular 
glaucoma and BCVA hand movements at baseline, improved to 20 
ETDRS letters at year 1 and 2; IVB treatment induced disappearance 
of anterior segment neovascularization but did not preclude 
formation of optic disk collaterals.

Goldberg attributed the presence of optic disk shunts in her 
only case to the severity of the occlusion and chronically impaired 
re-canalization [24]. Intravitreal bevacizumab helps preventing 
macular damage secondary to macular edema in eyes with RVO and 
induces regression of anterior segment neovascularization. However, 
the limited intravitreal half life of serial bevacizumab injections and 
the high production of VEGF in the ischemic retina may give way 
to a slow but progressive appearance of vessels in the retinal surface 
and the optic disk though they will not give way to a fibrovascular 
proliferation or distant neovascularization. An alternative hypothesis 

Figure 4: Fundus photograph and fluorescein angiography from two 
untreated eyes with central retinal vein occlusion (CRVO). 4a-4b: CRVO with 
collateral optic disk vessels. 4c-4d: CRVO without collateral vessels. Notice 
the presence of retinal ischemia and macular edema in both eyes (4b and 
4d). 

Figure 5: Fundus photograph and fluorescein angiography from two anti-
VEGF-naïve eyes with branch retinal vein occlusion (5a-5b) and central 
retinal vein occlusion (5c-5d). Notice the presence of optic disk collaterals 
in both eyes. 5c-5d: This eye had been treated with radial optic neurotomy.

might be related to the modulation of VEGF effects caused by 
repeated injections of anti VEGF drugs.

According to our findings, serial IVB in eyes with macular 
edema secondary to RVO prevents macular edema and neovascular 
glaucoma and permits the development of retinal and optic disk 
collaterals.
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