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SUMMARY
This retrospective study investigated the role of anti-
vascular endothelial growth factor agents (VEGF),
ranibizumab, bevacizumab and pegaptanib sodium in
patients with iris neovascularisation (INV), in which 9 eyes
received intraocular injections for various ischaemic ocular
conditions.

Ocular sequelae included recurrence of rubeosis (n=2) and
hyphaema (n=2). Systemic complication included one case of
cerebrovascular accident.  INV regressed in all cases from day
one. INV recurrence occurred in 2 cases. The mean
intraocular pressure of the study eyes decreased from 25.3
mmHg to 18.3 mmHg at one month.  Five eyes are
medication free. Visual acuity improved in 5 eyes.  Four eyes
achieved a Snellen visual acuity of 6/24 or better.  We
conclude that the use of intraocular anti-VEGF agents are
safe and effective for inducing the regression of INV.
Patients with multiple systemic risk factors should be
counseled on stroke risk.
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INTRODUCTION
The presence of rubeosis iridis or iris neovascularisation (INV)
is associated with the development of open-angle and
subsequently angle closure glaucoma.  Vascular endothelial
growth factor (VEGF) is implicated in the development of
INV and intraocular levels of VEGF increase in ischaemic
situations.

Ranibizumab (LucentisTM, Genentech Inc, San Francisco,
United States of America) is a humanized antigen-binding
fragment designed to inhibit all isoforms and active
degradation products of vascular endothelial growth factor A
(VEGF-A)1.

Ranibizumab 2-4 and other anti-VEGF agents such as
bevacizumab (AvastinTM, Genentech Inc, San Francisco) and
pegaptanib sodium (MacugenTM)5 have been shown to reduce
neovascularisation in age-related macular degeneration
(AMD).  Bevacizumab is a full length recombinant humanized

antibody against VEGF-A6.  It has been shown to induce a
rapid regression of retinal neovascularisation in proliferative
diabetic retinopathy (PDR).  Pegaptanib is an aptamer specific
for the VEGF-A 165 isoform 5.

The aim of our study was to investigate the safety, efficiency
and utility of giving an intraocular injection of various anti-
VEGF agents to induce regression of INV from various
etiologies.

MATERIALS AND METHODS
A retrospective, interventional, non-comparative study was
performed at the Universiti Kebangsaan Malaysia Medical
Centre (UKMMC) Ophthalmology clinic of the medical
records of 8 patients who received 9 injections of various anti-
VEGF agents (ranibizumab, bevacizumab or pegaptanib
sodium) for INV from March 2008 until July 2009 either at
UKMMC (n=6) or at International Specialist Eye Centre (ISEC)
(n=2) .  UKMMC is a major tertiary referral centre in
Malaysia’s capital city.   ISEC is a private Ophthalmology
centre that receives mainly specialist Ophthalmology
referrals.

Intravitreal anti-VEGF is considered for all patients with INV
who are scheduled for surgery who have raised intraocular
pressure.  Another indication for anti-VEGF injection is a
patient who declines surgical intervention or wishes to defer
surgery.  It is also offered to patients who have no view of
their retina or persistent INV despite panretinal laser
photocoagulation (PRP) therapy for proliferative retinopathy.
Gonioscopic examination is performed to note whether the
drainage angle is closed or open.  Patients with a prior history
of cerebrovascular accident (CVA) are excluded from receiving
anti-VEGF injections. 

Informed consent was obtained from each patient prior to
intraocular injection of the anti-VEGF agents.  The risk of
cataract, infection, retinal detachment and the off-label use of
the agents were explained to the patients.  Each injection was
performed in a clean treatment room in an outpatient setting.
Topical anaesthesia was achieved with proparacaine
hydrochloride (AlcaineTM) and subconjunctival anaesthesia
with 2% lignocaine (XylocaineTM).  5% povidone iodine lid
scrub and douche was performed prior to sterile draping.  All
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patients who received ranibizumab or bevacizumab had
shared it with another patient who had purchased the vial for
treatment of AMD.  Only two injections were performed per
vial of ranibizumab.  The original container of ranibizumab
or bevacizumab had been placed in a refrigerator whose sole
use was for storage of sterile medications, at a temperature of
4˚C 7.   Each bottle cap was swabbed with 100% alcohol prior
to aspiration into a new 30G insulin needle attached to a 1ml
syringe. 

Each intravitreal injection was given 3.5 to 4 mm from the
limbus, directing the needle into the center of the vitreous
cavity.  Anti-VEGF agents are administered in the following
dosages:  0.3mg of pegaptanib, 0.25-0.5mg of ranibizumab or
1.25mg of bevacizumab.  5% povidone iodine was then re-
instilled.  The intraocular pressure was then checked.  Post
injection, each patient received guttae ciprofloxacin 2 hourly
for one week.  Patients were given instructions on symptoms
and signs of infection and were reviewed the following day
and prior to any surgical procedure if planned.

The intracameral injection was performed under aseptic
conditions in the operating theatre.  A corneal incision was
made at 2 o’clock in the left eye with a 15˚ blade, allowing
egress of aqueous fluid prior to injection at 10 o’clock with an
insulin syringe and 30G needle by the right-handed surgeon.
There is no back-flush of injected agent using this method.

The ophthalmic notes were reviewed for demographical data
(age, gender and ethnicity), injection related data, indications
for surgery and operation record; visual acuity and
examination findings at one week, one month, 3 months, 6
months and at last review.  Duration to clearance of any
haemorrhage including hyphaema and any complication of
the intravitreal injection was noted as was recurrence of the
INV.

RESULTS
Table I summarises the patient demographics, the anti-VEGF
agents used and the ocular status pre and post anti-VEGF
agent injection following any surgical interventions.  Patient
age ranged from 44 to 71 years of age with a mean of 57.4
years.  There were 4 males and 4 females.  Four patients were
of Malay ethnicity, 1 was Chinese and 3 were of Indian
parentage.  Five were left eyes.

The indications for injection were INV secondary to
proliferative diabetic retinopathy (PDR) (n=6), ischaemic
central retinal vein occlusion (n=2), rhegmatogenous retinal
detachment with lasered PDR (n=1; Patient H) and anterior
proliferative vitreoretinopathy in an oil-filled, non-diabetic
eye (n=1; Patient A).  One eye had persistent vitreous
haemorrhage post-pars planar vitrectomy (PPV) in which
there was pre-operative INV (patient D) and one eye had rapid
acceleration of INV after complicated cataract surgery (patient
B).  A major risk factor for INV was diabetes mellitus (n=8).

Five eyes of five patients received an intravitreal injection of
0.05 ml (0.5 mg) (n=5) or 0.025 ml (0.25 mg) of ranibizumab.
One eye received intracameral injection of 0.05 ml (0.5 mg)
ranibizumab.  Two eyes of one patient received 0.05 ml

(1.25mg) of intravitreal bevacizumab. One eye received 0.9
ml (0.3 mg) of intravitreal pegaptanib sodium. (Table I) 

Panretinal photocoagulation (PRP) had been performed
previously in 8 eyes (patients B-H). Patient A was not a known
diabetic.  Laser photocoagulation was therefore given
intraoperatively during the vitrectomy to the ischaemic
anterior retinal remnant.  In addition to anti-VEGF, patients
B-H also received top up PRP where possible to areas of
attached retina only. 

Intraocular pressure (IOP) at baseline ranged from 7 mmHg to
45 mmHg (mean 25.8 mmHg).  Following injection, IOP
ranged from 6 to 33 mmHg at one week (mean 21.3 mmHg)
with two eyes defaulting.   At post-injection 1 month, the
mean IOP was 17.1 mmHg (4-32 mmHg; no eyes defaulting).
Five eyes were medication free after injection while the others
required further medical therapy including various doses of
oral acetazolamide.   Follow-up duration ranged from 3
months to 24 months with all eyes having 3 or more months
of follow-up.

Of 7 eyes in which gonioscopy was performed, open angles
were noted in 5 eyes including presence of silicone oil
globules in patient B who had anterior chamber intraocular
lens placement and patient C who had neovascularisation in
the angles (NVA).  Two eyes with closed angles had NVA.

All cases showed regression of INV as early as day 1 (Patient
A) or day 2 (Patient G).  Complete regression of INV occurred
up to 2 months post-injection. Two cases had recurrence of
INV at 6 weeks and 4 months post-injection (Patient A and
H).  Patient A wished to defer his second injection until after
a religious festival and patient H declined any further
intraocular injection or operation due to a fear of recurrent
stroke.  He did however consent to orbital floor triamcinolone
injection, which alleviated some of his discomfort but could
not salvage the vision.

All eyes that were operated had minimal to moderate
intraoperative bleeding.  There was no documented case of
progression of tractional detachment during the study period
although fibrosis of neovascularisation was consistently
observed to various degrees in patients with fundal view.

Pre-operative visual acuity (VA) ranged from 6/36 to hand
motions with the majority (n=7) with pre-operative vision of
6/60 or worse.  VA had either remained unchanged (n=2),
improved (n = 5) or worsened (n=2) with best corrected VA at
last review ranging from 2/60 or better (n=5) to no perception
of light (n=1).  Four eyes achieved 6/24 or better at last review. 

There were no complications locally from the intravitreal
injection.  One patient who received the injection for annular
retinal detachment post PPV who wanted to defer surgical
intervention, developed a left hemiparesis approximately 24
hours after intravitreal injection of Lucentis.  This diabetic
individual had concurrent risk factors of hypertension,
hyperlipidaemia and triple vessel cardiac disease. 
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DISCUSSION
Diabetic retinopathy (DR) is the leading cause of blindness
among people of working age worldwide and leads to
significant loss of quality of life.  The standard treatment for
proliferative diabetic retinopathy is panretinal
photocoagulation (PRP), which ablates large areas of retina in
order to reduce the hypoxic stimulus of the remaining retina. 
Anti-VEGF agents increase vessel permeability by increasing
the phosphorylation of tight junction proteins including
retinal vasculature permeability in in vivo models.  Studies
have demonstrated correlation of VEGF levels in the retina,
vitreous and aqueous of human eyes with the severity of
proliferative diseases 8-10.

The effectiveness of bevacizumab, a sister compound to
ranibizumab, is demonstrated in case reports to cause
regression of INV 11-13.  INV also occurs in eyes with history of
complex retinal detachments that are injected with SO due to
persistent peripheral annular detachments 14-15 VEGF is
implicated in the development of INV and is released by
residual ischaemic peripheral retina. 

In patient A, ranibizumab was injected intracamerally as the
retinal ischaemia was deemed to be limited to the anterior
segment.  The concentration of ranibizumab and its
diffusibility in silicone oil was also uncertain.  Bevacizumab is
non toxic to the corneal endothelium when injected
intracamerally 16.

INV regression was rapid in these cases, typically occurring in
the first week in cases of ranibizumab injection with
maximum effect seen up to 1 month later in those injected
with bevacizumab.  There is limited information in the
literature on this.  In the case of a patient with INV following
central retinal artery occlusion, regression was seen in the
first week after intracameral injection of bevacizumab with
improvement up to 6 months after laser photocoagulation 17.

Other series support our finding that regression after anti-
VEGF injection takes place in the first week 12 but may take up
to 3 weeks 11.   Recurrence of INV occurs up to 6 months later
but may stabilize after repeat injections without IOP
elevation12.  In our cases, recurrence occurred as early as 6
weeks after the injection, but in view of the half life of the
agents, a review at no more than 4 weeks later will be
judicious 11.

In deciding on the anti-VEGF agent used, we considered
availability and cost.  Ranibizumab was our first choice.
However, it costs on average 6 times more than bevacizumab.
Hence, patients were injected with ranibizumab only if the
drug was available by virtue of purchase by a patient with
AMD.  If this was not available, then the patient had to obtain
an injection of bevacizumab at a private institution as
mentioned earlier.  Studies of bevacizumab and other drugs
show a low rate of microbial contamination with multi-
aliquot usage 7 and its anti-VEGF activity is stable for six
months 18.  The pegaptanib sodium was a sample from the
company.

The Tuebingen Bevacizumab Study group concluded that
bevacizumab, pegaptanib and ranibizumab all significantly

suppress choroidal endothelial cell proliferation but none was
superior with respect to endothelial cell growth inhibition19.
Hence, all the agents may be used but more studies need to be
done to determine which the best in each clinical situation is.
The incidence of endophthalmitis in intravitreal injections of
anti-VEGF agents is low at approximately 0.029% 20-21.  There
were no local complications from the injection such as uveitis
or endophthalmitis in this study. 

Wong et al found that persons with early-stage AMD,
followed for ten years, had a higher cumulative incidence of
stroke than those without the disease (4.08% vs. 2.14%) 22.
The annual prevalence rate for myocardial infarction in
patients with past history of arterial thromboembolic events
is 7.4% and 35.1% for inpatient stroke.  The PACORES group
found a 0.5% incidence of stroke in patients receiving
bevacizumab 23.   However, the Macugen study group found
an undetectable level of systemic pegaptanib absorption after
0.3 mg injections.  Pegaptanib appears to have a good safety
profile as there is no increase in deaths, in events associated
with systemic VEGF inhibition such as hypertension,
thromboembolic events, serious haemorrhagic events up to 3
years after the injections 24-25.   This has potential implications
for diabetics already at risk for thromboembolic events due to
concurrent hypertension and hyperlipidaemia. 

The limitations of the study include its retrospective nature
and small numbers.   However, it adds to the wealth of
information on the effectiveness of various anti-VEGF agents
in INV and their rapid onset of activity.  All the agents used
in the study were able to induce temporary regression of
rubeosis and increase safety margins where intraoperative
bleeding was a concern.

Future improvements in studies of this topic will include
prospective randomised studies that incorporate standardised
documentation of the rubeosis including investigations with
iris fluorescein angiography.

CONCLUSION
In conclusion, anti-VEGF agents have a role in reducing INV
from various etiologies.  However, patients receiving anti-
VEGF agents must be counseled on the risk of cerebrovascular
events.

REFERENCES
1.  Gaudreault J, Fei D, Beyeret JC et al. Pharmacokinetics and Retinal

Distribution of Ranibizumab, A Humanized Antibody Fragment Directed
Against VEGF-A, Following Intravitreal Administration in Rabbits. Retina
2007; 27(9): 1260-66.

2.  Rosenfeld PJ, Brown DM, Heier JS et al. Ranibizumab for neovascular age-
related macular degeneration.  Results of the MARINA Study (year 1 and
year 2) New Engl J Med 2006; 355: 1419-31.

3.  Brown DM, Kaiser PK, Michels M et al. Ranibizumab versus verteporfin for
neovascular age-related macular degeneration.   Results from year 1 of the
ANCHOR Study.  New Engl J Med 2006; 355: 1432-44.

4.  Regillo CD, Brown DM, Abraham P et al. Randomized, double-masked,
sham-controlled trial of ranibizumab for neovascular age-related macular
degeneration: PIER Study year 1.  Am J Ophthalmol 2008; 145: 239-48.

5.  Gragoudas ES, Adamis AP, Cunningham ET Jr, Feinsod M, Guyer DR.
Pegaptanib for neovascular age-related macular degeneration.  N Engl J
Med 2004; 351(27): 2805-16.

6. Avery RL. Regression of retinal and iris neovascularisation after intravitreal
bevacizumab (Avastin) treatment.  Retina 2006; 26: 352-54. 



Original Article

14 Med J Malaysia Vol 66 No 1 March 2011

7.   Chen YH, Wu PC, Shiea J, Lo LH, Wu YC, Kuo HK.  Evaluation of the
sterility, stability, and efficacy of bevacizumab stored in multiple-dose vials
for 6 months.  J Ocul Pharmacol Ther 2009; 25(1): 65-9.

8. Aiello LP, Avery LG,  Arrigg PG et al.,  Vascular endothelial growth factor in
ocular fluid of patients with diabetic retinopathy and other retinal
disorders, N Engl J Med 1994; 331: 1480–7.

9.  Tripathi RC, Lixa J, Tripathi BJ, Chalam KV, Adamis AP.  Increased level of
vascular endothelial growth factor in aqueous humor of patients with
neovascular glaucoma. Ophthalmology 1998; 105 (2): 232-7.

10. Tanaka T, Matsuo T, Ohtsuki H. Aqueous Vascular Endothelial Growth
Factor Increases in Anterior Segment Ischaemia in Rabbits.  Jpn J
Ophthalmol 1998; 42(2): 85-9.

11. Chalam KV, Gupta SK, Grover S, Brar VS, Agarwal S. Intracameral Avastin
dramatically resolves iris neovascularisation and reverses neovascular
glaucoma. Eur J Ophthalmol 2008; 18: 2: 255-62.

12. Costagliola C, Cipollone U, Rinaldi M, della Corte M, Semeraro F,Romano
MR. Intravitreal bevacizumab (Avastin(R)) injection for neovascular
glaucoma: a survey on 23 cases throughout 12-month follow-up. BJCP
2008; 66(5): 667-73.

13. Wakabayashi T, Oshima Y, Sakaguchi H et al. Intravitreal Bevacizumab to
Treat Iris Neovascularisation and Neovascular Glaucoma Secondary to
Ischaemic Retinal Diseases in 41 Consecutive Cases. Ophthalmology 2008;
115(9): 1571-80.e3

14. Santosh GH, Mallika G, Ajit BM, Pranab KS, Thomas N, Lalit D.  Glaucoma
after pars plana vitrectomy and silicone oil injection for complicated
retinal detachments.  Ophthalmology 1999; 106(1): 169-77.

15. Bastion MLC. Intra-cameral injection of Ranibizumab (LucentisTM) caused
regression of iris neovascularisation and clearance of hyphaema in a non-
diabetic patient with anterior proliferative vitreoretinopathy in a silicone
filled eye.  BMJ Case Reports 2010; doi:10.1136/bcr.10.2009.2398 

16. Park HY, Kim SJ, Lee HB, Kim ES, Tchah HW.  Effect of Intracameral
Bevacizumab Injection on Corneal Endothelium in Rabbits. Cornea 2008;
27(10): 1151-55.

17. Bhojwani R, Kelly SP.  Anterior chamber bevacizumab for rubeotic
glaucoma secondary to retinal artery occlusion. Artery Research 2009; 3(3):
122-3

18. Bakri SJ, Snyder MR, Pulido JS, McCannel CA, Weiss WT, Singh RJ.  Six-
month stability of bevacizumab (Avastin) binding to vascular endothelial
growth factor after withdrawal into a syringe and refrigeration or freezing.
Retina 2006; 26(5): 519-22.

19. Spitzer MS, Yoeruek E, Sierra A et al. Comparative Comparative
antiproliferative and cytotoxic profile of bevacizumab (Avastin),
pegaptanib (Macugen) and ranibizumab (Lucentis) on different ocular
cells. Graefes Arch Clin Exp Ophthalmol 2007; 245(12): 1837-42.

20. Ornek K, Karahan ZC, Ergin A, Tekeli A, Tekeli O. Bevacizumab Sterility in
Multiple Doses from a Single-Use Vial. Ann Pharmacother 2008; 42 (10):
1425-8.

21. Reiter PD, Sims C, Harmes L, Paisley J, Rosenberg AA, and Valuck RJ.
Calfactant Sterility in Multiple Doses from Single-Use Vials. Ann
Pharmacother 2003; 37: 1219 - 23. 

22. Wong TY, Klein R, Sun C, et al. Age-related macular degeneration and risk
for stroke. Ann Intern Med 2006; 145: 98–106.

23. Wu LT, Martínez-Castellanos MA, Quiroz-Mercado H et al and for the Pan
American Collaborative Retina Group (PACORES). Twelve-month safety of
intravitreal injections of bevacizumab (Avastin®): results of the Pan-
American Collaborative Retina Study Group (PACORES). Graef Arch Clin
Exp 246(1): 81-7.

24. Macugen AMD Study Group, Apte RS, Modi M, Masonson H, Patel M,
Whitfield L, Adamis AP. Pegaptanib 1-year systemic safety results from a
safety-pharmacokinetic trial in patients with neovascular age-related
macular degeneration. Ophthalmology 2007; 114(9): 1702-12.

25. Chakravarthy U, Adamis AP, Cunningham ET Jr et al and the VEGF
Inhibition Study in Ocular Neovascularization (V.I.S.I.O.N.) Clinical Trial
Group. Year 2 efficacy results of 2 randomized controlled clinical trials of
pegaptanib for neovascular age-related macular degeneration.
Ophthalmology 2006; 113(9): 1508.e1-25.




