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Recent studies have shown that intravitreal [1-6] or 
intracameral [7,8] injections of bevacizumab may be a 
useful adjunct for the treatment of neovascular glaucoma 
(NVG). Such injections resulted in a rapid regression of 
iris and angle neovascularization and the stabilization of 
intraocular pressure (IOP). However, the intraocular in-
tervention needed to deliver this macromolecular agent is 
associated with risk of infectious endophthalmitis, vitreous 
hemorrhage, and retinal detachment [9-11]. Furthermore, 
intravitreal injections may be complicated by further IOP 
elevation in patients with NVG [12]. 

Recently, our group demonstrated that bevacizumab may 
be delivered to the anterior chamber by subconjunctival 
injection in rabbit eyes [13]. The present study describes 
three cases of NVG where iris or angle neovasculariza-
tion has been successfully treated with a subconjunctival 
bevacizumab injection as the initial maneuver before pan 
retinal photocoagulation (PRP) and/or filtering surgery. 

Case Reports

Case 1

A 62-year-old male presented with decreased visual 
acuity in his right eye. He was diagnosed with prolifera-
tive diabetic retinopathy with concurrent NVG. The best-
corrected visual acuity (BCVA) was 20 / 200, OD and 20 
/ 63, OS. IOPs were 45 mmHg, OD and 14 mmHg, OS, 
with maximally tolerated medical treatment (topical bri-
monidine, topical dorzolamide/timolol fixed combination 
[DTFC], and oral acetazolamide [250 mg, three times a 

To describe three cases of neovascular glaucoma (NVG) where iris or angle neovascularization regressed 
remarkably after subconjunctival bevacizumab injections used as the initial treatment before pan retinal 
photocoagulation (PRP) and/or filtering surgery. Three consecutive NVG patients whose intraocular pressure 
(IOP) was not controlled with maximal medication were offered an off-label subconjunctival injection of 
bevacizumab (2.5-3.75 mg/0.1-0.15 mL, Avastin). Bevacizumab was injected into the subconjunctival space close 
to the corneal limbus in two or three quadrants using a 26-gauge needle. Serial anterior segment photographs 
were taken before and after the injection. Following subconjunctival injection of bevacizumab, iris or angle 
neovascularization regressed rapidly within several days. Such regression was accompanied by lowering of IOP 
in all three cases. The patients underwent subsequent PRP and/or filtering surgery, and the IOP was further 
stabilized. Our cases demonstrate that subconjunctival bevacizumab injection can be potentially useful as an 
initial treatment in NVG patients before laser or surgical treatment.
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day]). Slit lamp examination revealed active neovascular-
ization in the right eye (Fig. 1A). The patient was offered 
a subconjunctival injection of bevacizumab (Avastin; 
Genentech Inc., San Francisco, CA, USA) in the right eye. 
A total of 2.5 mg/0.1 mL of bevacizumab was injected at 
two locations (7 and 9 o'clock, approximately 1.25 mg/0.05 
mL each) using a 26-gauge needle. After the injection, a 
noticeable bleb was produced. Two days after the injec-
tion, the IOP in the right eye was decreased to 21 mmHg. 
Slit lamp examination revealed a substantial regression of 
previously visible iris neovascularizations (Fig. 1B). On 
the fourth day after the bevacizumab injections, the IOP 
in the right eye was 23 mmHg. A remarkable regression 
of neovascularization was visible. The patient was further 
treated with three sessions of PRP. Two months after the 
bevacizumab injections, new vessels were not observed in 
either the iris or the angle (Fig. 1C). However, the IOP was 
28 mmHg in the right eye with medication, and Ahmed 
glaucoma implant surgery was subsequently performed. 
Two months after the surgery, the IOP was controlled at 12 
mmHg without any IOP-lowering medication. 

Case 2

A 63-year-old male who had been diagnosed with cen-
tral retinal vein occlusion in the right eye visited the emer-
gency room with ocular pain and decreased visual acuity. 
He had been using topical DTFC and brimonidine twice a 
day for three months because of the IOP elevation after in-
travitreal injection of triamcinolone acetonid to control the 
macular edema. With medication, the IOP, OD had been 
controlled below 20 mmHg for three months. At the time 
of the emergency room visit, the patient’s vision was hand 
movement, and the IOP was 48 mmHg in the right eye. Slit 
lamp examination of the right eye disclosed corneal edema 
and gross hyphema. Iris neovascularization was suspected 
in the inferior iris although it could not be confirmed due 
to corneal edema (Fig. 2A). Vitreous hemorrhage was also 
noted in the B-scan ultrasonograph. Subconjunctival injec-
tions, 3.75 mg/0.15 mL in total, were completed at the 5, 

8, and 11 o'clock areas. One day later, IOP, OD decreased 
to 32 mmHg, and the cornea was much clearer. Two days 
after the injections, iris neovascularization was observed 
only on the margin of the pupil (Fig. 2B). The IOP, OD was 
29 mmHg. 

With the conditions much more amicable for surgery, 
Ahmed glaucoma implant surgery was performed on the 
right eye on the fourth day after the subconjunctival injec-
tions. Preoperative IOP, OD was consistently 29 mmHg. 
Although the IOP was decreased to 15 mmHg at the next 
surgery, vigorous iris neovascularization was noted in the 
inferior iris (Fig. 2C). Repeat subconjunctival injections of 
bevacizumab (1.25 mg/0.05 mL) were performed on this 
day. Five days after the second injection, the iris neovascu-
larization disappeared completely. Three sessions of PRP 
were performed during the next three weeks. Three weeks 
after surgery, the IOP, OD was 17 mmHg, and no neovas-
cularization was visible on the iris (Fig. 2D). 

Case 3

A 39-year-old male with type I diabetes, who had been 
previously diagnosed with bilateral proliferative diabetic 
retinopathy associated with NVG in his left eye, presented 
with visual disturbance in the left eye. Ophthalmic exam-
ination showed a BCVA of 20 / 25, OD, and 20 / 32, OS. 
The IOP was 11 mmHg, OD and 38 mmHg, OS despite 
treatment with both topical DTFC and brimonidine twice 
a day in the left eye. Slit lamp examination revealed neo-
vascularization of the iris at the pupillary margin and neo-
vascularization of the inferior, nasal, and temporal anterior 
chamber angle in the left eye (Fig. 3A). A subconjunctival 
injection of bevacizumab (2.5 mg/0.1 mL) was performed 
in the left eye. In the following days after the injection, a 
significant regression of the neovascularization was ob-
served in the angle (Fig. 3B and 3C), and the IOP, OS was 
decreased to 19 mmHg. The patient was further treated 
with three sessions of PRP. Three months later, the IOP, 
OS was maintained at 14 mmHg with no neovasculariza-
tions visible in either the iris or angle. 

Fig. 1. Serial anterior segment photographs of the right eye of case 1. (A) Before subconjunctival injection of bevacizumab. Note the vig-
orous iris neovascularization. (B) Two days after injection. Iris neovascularization has much decreased. (C) Two months after injection. 
The new vessels are almost invisible.
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Discussion

We reported on three eyes with NVG where iris or angle 
neovascularization regressed rapidly after subconjunctival 
injections of bevacizumab with accompanying IOP re-

duction. Regression of the iris or angle neovascularization 
allowed for successful Ahmed glaucoma implant surgery, 
which might have otherwise been complicated with intra-
operative and postoperative intracameral bleeding. 

Recently, intravitreal [1-6] or intracameral [7,8] injec-

Fig. 3. Serial gonio photographs and magnified views of the angle (insets) of case 3. (A) Before subconjunctival injection of bevacizumab. 
Significant new vessels are present at the angle. (B) One day post-subconjunctival injection, regressing new vessel in the anterior chamber 
angle is notable. (C) Five days post-injection. New vessels are not present in the angle.
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Fig. 2. Serial anterior segment photographs of case 2. (A) Corneal edema and hyphema of the right eye is present on presentation. Iris 
neovascularization is suspected in the inferior iris although the view is limited due to corneal edema. (B) Clarity of the cornea increased 
two days after subconjunctival bevacizumab injection. (C) One day after drainage implant surgery and five days after subconjunctival 
injection. Vigorous iris neovascularization is visible on the inferior iris. (D) Three weeks after drainage implant surgery and second injec-
tion. No neovascularization was visible on the iris. 
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tions of bevacizumab have emerged as a new option in the 
treatment of NVG. They resulted in a rapid regression of 
the iris and angle neovascularization, which impeded the 
progression of peripheral anterior synechia in the period 
before the effect of PRP occurs. However, intravitreal and 
intracameral injections could be associated with the risk of 
infectious endophthalmitis, vitreous hemorrhage, retinal 
detachment, and further IOP elevation [9-11]. Subconjunc-
tiv al injections are advantageous in that they are relatively 
free of these complications. This method is now often used 
for the treatment of corneal neovascularization or to re-
duce corneal graft rejection [14,15].

Since subconjucntival bevacizumab injections for NVG 
are yet to be a widely practiced procedure, there is no 
established standardized amount of bevacizumab that is 
recommended for each injection. However, bevacizumab is 
frequently introduced intravitreally. The most widely ac-
cepted amount of intravitreal bevacizumab is 1.25 mg/0.05 
mL. A number of reports have demonstrated a dramatic 
therapeutic effect of this agent with this particular concen-
tration [16-19]. Since we focused on the difference in the 
route of entry (intravitreal vs. subconjunctival), and not the 
minimal effective volume of the drug, the same amount 
known to be effective for intravitreal injections was used 
in this study. When 0.05 mL was injected, an injection 
bleb was created near the limbus across the 2 o’clock hour 
width. An amount greater than 0.05 mL expanded the bleb 
to the posterior direction, which was speculated not to 
have an additional effect in dispersing the bevacizumab 
into the anterior chamber or the iris.

We injected the bevacizumab at the near-limbal location 
which was close to the neovascularization of the iris (NVI). 
This was based on findings from a previous study. It has 
been suggested that macromolecules may diffuse through 
the sclera and directly into the iris after subconjunctival 
injections [20]. Therefore, in eyes with massive NVI dis-
tributed in wide regions of the iris, multiple injections 
of bevacizumab were performed. In eyes with localized, 
small degrees of NVI, bevacizumab was injected at one 
location near the limbus. 

In pharmacokinetic studies, bevacizumab was detectable 
in the anterior chamber until one week after subconjuncti-
val injections [13,21,22]. Therefore, its effect in suppressing 
anterior segment neovascularization should be transient. 
Nonetheless, our cases show that it is still useful in pre-
venting the aggravation of the disease during the time win-
dow before applying further treatment such as PRP and 
filtering surgery. Moreover, associated IOP-lowering and 
decrease of hyphema, or corneal edema allows for prompt 
PRP. The regression of iris or angle neovascularization 
also results in conditions that are much more amicable for 
surgery. 

In conclusion, our cases demonstrate that subconjunc-
tival bevacizumab injections can be potentially useful for 

treatment of NVG as an initial treatment before PRP and/
or filtering surgery. This maneuver may be particularly 
effective in patients presenting with high IOP or vigorous 
iris vascularization where intravitreal or intracameral in-
jections of bevacizumab may be complicated by further 
IOP elevation. A large scale study is required to confirm 
the results found in this study. 

Conflict of Interest
No potential conflict of interest relevant to this article 

was reported.

Acknowledgements
This study was supported by the Seoul National Univer-

sity Bundang Hospital research fund. 

References
1. Avery RL. Regression of retinal and iris neovascularization 

after intravitreal bevacizumab (Avastin) treatment. Retina 
2006;26:352-4.

2. Iliev ME, Domig D, Wolf-Schnurrbursch U, et al. Intravit-
real bevacizumab (Avastin) in the treatment of neovascular 
glaucoma. Am J Ophthalmol 2006;142:1054-6.

3. Vatavuk Z, Bencic G, Mandic Z. Intravitreal bevacizumab 
for neovascular glaucoma following central retinal artery 
occlusion. Eur J Ophthalmol 2007;17:269-71.

4. Yazdani S, Hendi K, Pakravan M. Intravitreal bevacizum-
ab (Avastin) injection for neovascular glaucoma. J Glauco-
ma 2007;16:437-9.

5. Moraczewski AL, Lee RK, Palmberg PF, et al. Outcomes 
of treatment of neovascular glaucoma with intravitreal 
bevacizumab. Br J Ophthalmol 2009;93:589-93.

6. Eid TM, Radwan A, el-Manawy W, el-Hawary I. Intravit-
real bevacizumab and aqueous shunting surgery for neo-
vascular glaucoma: safety and efficacy. Can J Ophthalmol 
2009;44:451-6.

7. Grisanti S, Biester S, Peters S, et al. Intracameral bevaci-
zumab for iris rubeosis. Am J Ophthalmol 2006;142:158-60.

8. Shin JP, Lee JW, Sohn BJ, et al. In vivo corneal endothelial 
safety of intracameral bevacizumab and effect in neovas-
cular glaucoma combined with Ahmed valve implantation. 
J Glaucoma 2009;18:589-94.

9. Ip MS, Scott IU, Brown GC, et al. Anti-vascular endotheli-
al growth factor pharmacotherapy for age-related macular 
degeneration: a report by the American Academy of Oph-
thalmology. Ophthalmology 2008;115:1837-46.

10. Fung AE, Rosenfeld PJ, Reichel E. The International 
Intravitreal Bevacizumab Safety Survey: using the in-
ternet to assess drug safety worldwide. Br J Ophthalmol 
2006;90:1344-9.

11. Komori S, Sawada A, Oguni T, et al. Case of endophthal-
mitis following intravitreal injections of bevacizumab. Clin 
Ophthalmol 2010;4:773-5.

12. Good TJ, Kimura AE, Mandava N, Kahook MY. Sustained 
elevation of intraocular pressure after intravitreal injec-
tions of anti-VEGF agents. Br J Ophthalmol 2011;95:1111-4.

13. Kim MJ, Han ES, Kim J, Kim TW. Aqueous humor con-



303

NK Ryoo, et al. Subconjunctival Bevacizumab Injection in NVG 

centration of bevacizumab after subconjunctival injection 
in rabbit. J Ocul Pharmacol Ther 2010;26:49-53.

14. Chu HS, Hu FR, Yang CM, et al. Subconjunctival injection 
of bevacizumab in the treatment of corneal neovasculariza-
tion associated with lipid deposition. Cornea 2011;30:60-6.

15. Symes RJ, Poole TR. Corneal graft surgery combined 
with subconjunctival bevacizumab (Avastin). Cornea 
2010;29:691-3.

16. Yazdani S, Hendi K, Pakravan M, et al. Intravitreal bevaci-
zumab for neovascular glaucoma: a randomized controlled 
trial. J Glaucoma 2009;18:632-7.

17. Kuo JZ, Ong FS, Yeung L, et al. Predictive factors for visu-
al outcome to intravitreal bevacizumab in young Chinese 
patients with myopic choroidal neovascularization. Retina 
2011;31:1835-40.

18. Marey HM, Ellakwa AF. Intravitreal bevacizumab alone 
or combined with triamcinolone acetonide as the primary 

treatment for diabetic macular edema. Clin Ophthalmol 
2011;5:1011-6.

19. CATT Research Group, Martin DF, Maguire MG, et al. 
Ranibizumab and bevacizumab for neovascular age-related 
macular degeneration. N Engl J Med 2011;364:1897-908.

20. Kim TW, Lindsey JD, Aihara M, et al. Intraocular distribu-
tion of 70-kDa dextran after subconjunctival injection in 
mice. Invest Ophthalmol Vis Sci 2002;43:1809-16.

21. Mizote M, Baba T, Hirooka K, et al. Vascular endothelial 
growth factor concentrations in aqueous humor before and 
after subconjunctival injection of bevacizumab for neovas-
cular glaucoma. Jpn J Ophthalmol 2010;54:242-4.

22. Nomoto H, Shiraga F, Kuno N, et al. Pharmacokinetics of 
bevacizumab after topical, subconjunctival, and intravit-
real administration in rabbits. Invest Ophthalmol Vis Sci 
2009;50:4807-13.


