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ABSTRACT 

Objective:  To assess the effect of a single dose of intrastromal Bevacizumab on anomalous corneal neovessels in patients with 
corneal neovascularization. 
Study Design: Quasi-experimental study. 
Place and Duration of Study: Combined Military Hospital Multan, Pakistan from Apr to Sep 2022. 
Methodology: After taking informed consent, up to 0.1ml intrastromal injection of Bevacizumab (25mg/ml) was given to 50 
eyes with Grade 3 or Grade 4 corneal neovascularization (The primary outcome measure was to assess the efficacy of a single 
dose of intrastromal Bevacizumab by assessing the decrease in the area of corneal neovascularization at the end of 6 weeks.  
Results: At the end of 6 weeks, regression and downgrading of corneal neovascularization were seen. Of the 23 eyes with 
Grade 4 corneal neovascularization, 21(91.3%) eyes were downgraded to Grade 3, and two eyes (8.69%) were downgraded to 
Grade 2. Of the 27 eyes with Grade 3 corneal neovascularization, 25 were downgraded to Grade 2(92.6%), and two were 
downgraded to Grade 1(7.4%). There was a significant decrease in the area of corneal neovascularization from 2.88±0.50 mm 
before injection and 1.83±0.54 mm after Bevacizumab (p=0.001). 
Conclusion: Intrastromal administration of a single dose of Bevacizumab reduced the invasion area of corneal 
neovascularization at the end of six weeks. The degree of reduction of neovascularization was also dependent on the Grade of 
corneal neovascularization. Intrastromal Bevacizumab is an effective treatment for corneal neovascularization with minimum 
local and systemic side effects. 
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INTRODUCTION 

The cornea is the outermost part of the eye, 
located anterior to the iris. It is a major contributor to 
the eye's refractive power, focuses light on the retina, 
and protects the structures inside the eye from germs, 
dust, and other harmful matter. Avascularity and 
transparency of the cornea are vital to normal vision.1  

Maintaining corneal transparency and 
avascularity is highly essential to preserve optimal 
vision. Cornea maintains its avascularity due to the 
natural balance in its angiogenic and anti-angiogenic 
factors.2 Angiogenic factors include essential 
fibroblast growth factor (BFGF), matrix 
metalloproteinases, vascular endothelial growth factor 
(VEGF), and anti-angiogenic factors include pigment 
epithelium-derived factor (PEDF), angiostatin, resting, 
and endostatin. In the event of an ocular insult, this 
balance might be disrupted, which can cause an 
upregulation of angiogenic factors and/or 
downregulation of anti-angiogenic factors, leading to 

abnormal new vessels invading the corneal stroma 
from the limbus.3 This is known as corneal 
neovascularization (CNV). The new blood vessels 
formed can cause lipid exudation, leading to 
inflammation and scarring of the cornea, thus 
compromising corneal transparency and, therefore, 
the patient's visual acuity.4 

The most common causes of neovascularization 
are hypoxic insult from contact lens wear, three 
traumas, four malignancies, infections, five 
inflammations, corneal ulcers, chemical burns, and 
loss of limbal stem cells. 5 Different treatment 
modalities have been explored for corneal 
neovascularization, such as topical corticosteroids, fine 
needle diathermy, six anti-VEGF agents, 
photodynamic therapy, and laser photocoagulation. 6 

VEGF is the most potent angiogenic factor in the 
neovascularization of the cornea. 7,8 Anti-VEGF drugs 
target this specific factor. One such drug is 
Bevacizumab , a humanized monoclonal antibody that 
prevents all VEGF isoforms from binding to 
endothelial cell receptors, thus inhibiting 
angiogenesis. It has been used successfully in age-
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related macular degeneration, nine diabetic 
retinopathy, and central retinal vein occlusion.9 
Bevacizumab  has been researched in recent years for 
the treatment of corneal neovascularization with 
relative success, and our study aims to report the 
efficacy of a single dose of intrastromal injection of 
Bevacizumab  in the treatment of corneal 
neovascularization.  

METHODOLOGY 

The quasi-experimental study was conducted at 
Combined Military Hospital, Multan, Pakistan from 
April to September 2022 after approval from the 
Institutional Review Board of this hospital (ERC No 
51/2022). Non-probability convenience sampling was 
utilized. Raosoft sample size calculator calculated 
sample size by taking the population of patients taken 
to be 50, and the response distribution as 50%.10 
Patients were chosen according to the severity of the 
neovessels. The severity was Graded based on the 
degree of invasion of neovessels in the cornea from the 
limbus (Table-I). 
 

Table-I:  Grades of Corneal Neovascularization (CNV) 

Grade 0 <0.5mm 

Grade 1 >0.5 to 2mm 

Grade 2 >1 to 2mm 

Grade 3 >2 to 3mm 

Grade 4 >3mm 
 

Inclusion Criteria: Patients of either gender above 15 
years of age presenting in the outpatient department 
with Grade 3 and 4 corneal neovascularization were 
included. 

Exclusion Criteria: Patients with any active ocular 
disease, recent ocular surgery, extreme corneal 
thinning, ischemic heart disease, uncontrolled 
hypertension, pregnant or lactating women, and 
history of stroke were excluded. 

The history and a thorough ocular examination, 
including best corrected visual acuity (BCVA), intra-
ocular pressure (IOP) measurement, slit-lamp, and 
fundus examination of the patient, were carried out by 
the same ophthalmologist and the area of corneal 
neovascularization was measured on a slit lamp. 
Written informed consent was taken from all patients 
before the procedure. Corneal photographs were taken 
for each case to document the pre-procedure and post-
procedure findings objectively.  

Using an aseptic technique and under topical 
anaesthesia, the patients’ eyes were given a single 
dose of intrastromal Bevacizumab  by the same 

ophthalmologist under a surgical microscope. 
Bevacizumab  (25mg/ml) was prepared in an insulin 
syringe with a 30G needle, and up to 0.1ml (2.5mg) 
intrastromal Bevacizumab  injection was given under 
topical anesthesia (proparacaine hydrochloride 0.5%) 
at the site where maximum concentration of 
neovascularization was present to achieve adequate 
stromal hydration around the neovessels. The patients 
were prescribed moxifloxacin eye drops four times 
daily for one week post-operatively. 

Patients were reviewed on day 1 and day 7 to 
observe for any possible adverse effects, but the final 
assessment and grading were done at the end of 6 
weeks. At each follow-up, the same ophthalmologist 
gave patients a complete ocular examination, 
including BCVA, IOP measurement, slit-lamp, and 
fundus examination. A close eye was kept on any 
systemic side effects by inquiring the patients about 
their health and recording their blood pressure. The 
mean corneal neovascularization area before and after 
Bevacizumab administration was noted.  

Data was analyzed using the Statistical Package 
for the Social Sciences. Mean and standard deviation 
were calculated for quantitative variables and 
frequency and percentages were calculated for 
qualitative variables. Differences in the mean area of 
corneal neovascularization before the administration 
of Bevacizumab and after six weeks were compared 
using paired t-test. The p-value less than or equal to 
0.05 was considered significant. 

RESULTS 

A total of 50 eyes of 50 patients with Grade 3 and 4 
corneal neovascularization were enrolled in our study. 
Out of the 50 patients, 36 (72%) of the patients were 
males and 14(28%) of the patients were females. The 
mean age of the patients was 44.38 ± 10.12 years, with 
a range of 16 to 64 years. Out of 50 eyes, 23(46%) eyes 
had Grade 4 CNV and 27(54%) eyes had Grade 3 CNV.  

The efficacy of a single dose of intrastromal 
Bevacizumab treatment was evaluated at the end of 6 
weeks by assessing the Grade of corneal 
neovascularization. Regression and downgrading of 
corneal neovessels were observed. Out of the 23 eyes 
with Grade 4 CNV, 21 eyes down Graded to Grade 3 
CNV (91.3%) and two eyes down Graded to Grade 2 
CNV (8.69%) (Figure-I); out of the 27 eyes with Grade 
3 CNV, 25 eyes downGraded to Grade 2 CNV (92.6%) 
and two eyes down Graded to Grade 1 CNV (7.4%) 
(Figure-II). 
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The area of CNV significantly decreased from 
2.88±0.50mm before injection to 1.83 ± 0.54 mm after 
Bevacizumab (p=0.001) (Table-II). 
 

Table-II: Comparison of Mean Area of Corneal 
Neovascularization Before and After Administration of 
Intrastromal Bevacizumab  (n=50) 
 

 

Before 
Administration of 

Intratromal 
Bevacizumab           
(Mean±SD) 

After  
Administration 
of Intratromal 
Bevacizumab      
(Mean±SD) 

 
p-

value 

Mean Area 
of Corneal 
Neovascul
arization 

2.88±0.50mm 1.83±0.54 mm 0.001 

 

 

Figure-I : Reduction of Grade Severity in Patients with Grade 
4 Corneal Neovascularization 
 

 

Figure-II: Reduction of Grade Severity in Patients with Grade 
3 Corneal Neovascularization 

 

DISCUSSION 

Corneal neovascularization is a vision-
threatening condition for which various medical and 
surgical treatment options have been explored. Apart 
from anti-VEGF treatment, none target the specific 
molecular mediators of angiogenesis. 

VEGF is secreted in response to any ocular injury 
by the different cellular components like corneal 
endothelium, fibroblasts, macrophages, and limbal 
vascular endothelial cells into the cornea. 11 VEGF 
enhances the proliferation, migration, and invasion of 
endothelial cells. It regulates angiogenesis and 
vascular permeability by activating two receptors, 
VEGFR1 and VEGFR2.8. Bevacizumab binds to all 
VEGF isoforms and prevents VEGF from binding to 
these receptors, thus inhibiting vascular permeability 
and angiogenesis.  

Various other drug administration approaches of 
Bevacizumab have been researched with some success, 
like topical administration12 and subconjunctival 
administration. 13 The disadvantage of topical 
administration is the low penetration and absorption 
of the drug through the intact epithelium because of 
the high molecular weight of Bevacizumab 14. There is 
also the added issue of patient compliance when 
instilling drops in the eye as prescribed. 
Subconjunctival administration of Bevacizumab has 
been linked with side effects such as thinning of 
corneal epithelium and      conjunctiva.15, 16, 17 This 
route of administration also allows only limited 
duration of action within the cornea and has been 
shown to have limited effect on mature neovessels.18 

In contrast to the above-mentioned modes of 
administration of Bevacizumab, intrastromal 
administration is effective in causing regression of 
mature neovascularization. This could perhaps be due 
to less rapid clearance by the normal limbal 
vasculature and a resulting longer duration of 
action.19 The injection procedure itself causes minimal 
discomfort to patients and appears to be associated 
with minimal systemic risk.  

Our study on intrastromal administration of 
Bevacizumab has shown regression and downgrading 
of corneal neovessels after a single dose of injection. 
All the patients completed their follow-up with no 
reported systemic side effects, and no local side effects 
such as thinning of cornea or conjunctiva were 
observed. Our study results are complimented by 
various studies published since 2008 outlining the 
success of intrastromal Bevacizumab in treating 
corneal neovascularization. All these studies have 
shown partial to complete regression of corneal 
neovascularization with low complication rates.20-23 

A single-center retrospective series by Gupta et 
al. noted the effects of intrastromal Bevacizumab on 14 
eyes of 14 patients with chronic deep corneal 
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neovascularization. 14.2% of eyes had complete 
regression of neovascularization, avoiding the need 
for future corneal transplants. Persistent 
neovascularization was noticed in 21.4%. Minimal 
adverse effects were noted: temporary epithelial defect 
in two eyes and self-limited intrastromal hemorrhage 
in one. No neovascularization or graft rejection 
recurrence was seen in the transplant group (mean 
follow-up 3 years).20 

Yeung et al. examined twelve eyes of twelve 
patients, all receiving intrastromal and 
subconjunctival Bevacizumab. At an average follow-
up of 6.4 months, all twelve eyes achieved corneal 
neovascularization regression, although this was only 
partial.21 Similar to our study, all eyes had a very low 
side effect profile, further highlighting the safety of 
ISB.  

Vieira et al. examined six eyes of six patients - 
five patients exhibited corneal neovascularization 
regression at a mean follow-up of 8.47 months. Only 
intrastromal Bevacizumab was used in their study. No 
adverse effects were noted.22 

Sarah et al. examined 25 eyes of 22 patients with 
corneal neovascularization who received intrastromal 
Bevacizumab, with two eyes also receiving 
subconjunctival Bevacizumab . No significant side 
effects were noted in their cohort; 15 of 25 eyes 
achieved total regression, five partial, and three did 
not respond.23 

Ranibizumab is another anti-VEGF agent used to 
reduce corneal neovascularization. Studies have 
shown that topical ranibizumab has better drug 
penetration and a better effect on corneal 
neovascularization than topical Bevacizumab because 
of its significantly lower molecular weight.24 
However, only Bevacizumab is used in our setup 
because of its cost-effectiveness and the prevalence of 
patients with low socioeconomic status. 

In recent years, a combination of two treatments 
has also been researched for corneal 
neovascularization. Studies report the effect of 
combined treatment with anti-VEGF and fine needle 
diathermy. 17, 25 Diathermy is used to occlude the 
limbal feeding vessels. The results showed a 
significant reduction in corneal neovessels, but 21.4% 
of patients had corneal hemorrhage compared to 4% 
subconjunctival hemorrhage in our study. 

LIMITATIONS OF STUDY 

One of the limitations of our study is that the grading 
of severity of corneal neovascularization was done by the 

degree of invasion of neovessels in the cornea from the 
limbus and did not indicate vessel density or 
area/quadrants of cornea involved.  Our study does not 
record the effect of repeated doses of Bevacizumab injection, 
which may be required to eliminate corneal 
neovascularisation, as we aimed to assess downgradation 
rather than complete regression after a single dose. A longer 
follow-up time could help us record the long-term efficacy of 
Bevacizumab  on complete regression of corneal 
neovascularization and side effects.  
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ACKNOWLEDGMENTS 

We are thankful to our paramedical staff, Mr Babar 
and Mr Hayat, for assisting the process, providing ease and 
care to the patients, and keeping in touch with them for 
follow-up. 

Conflict of Interest: None. 

Funding Source: None.  

Authors Contribution 

Following authors have made substantial contributions to 
the manuscript as under: 

KA & MKN: Conception, study design, drafting the 
manuscript, approval of the final version to be published. 

SMM & MR: Data acquisition, data analysis, data 
interpretation, critical review, approval of the final version 
to be published. 

DJ & MW: Conception, data acquisition, drafting the 
manuscript, approval of the final version to be published. 

Authors agree to be accountable for all aspects of the work 
in ensuring that questions related to the accuracy or integrity 
of any part of the work are appropriately investigated and 
resolved. 

REFERENCES 

1. Qazi Y, Wong G, Monson B, Stringham J, and Balamurali K. 
Corneal transparency: genesis, maintenance and dysfunction Brain 
Res Bull 2010; 81(2-3): 19. 
https://doi.org/10.1016/j.brainresbull.2009.05.019 

2. Azar DT. Corneal angiogenic privilege: angiogenic and 
antiangiogenic factors in corneal avascularity, vasculogenesis, and 
wound healing Trans Am Ophthalmol Soc 2006;104:264–302.  

3. Liesegang TJ. Physiologic changes of the cornea with contact lens 
wear. CLAO J 2002; 28(1): 12-27.  



RRoollee  ooff  IInnttrraassttrroommaall  BBeevvaacciizzuummaabb 

Pak Armed Forces Med J 2025; 75(2):285 

4. Hamill MB. Corneal and scleral trauma. Ophthalmol Clin North 
Am 2002; 15: 185–194. 
https://doi:10.1016/s0896-1549(02)00018-4 

5. Cursiefen C, Kuchle M, Naumann GO. Angiogenesis in corneal 
diseases: histopathologic evaluation of 254 human corneal buttons 
with neovascularization. Cornea 1998; 17: 611–613. 
https://doi: 10.1097/00003226-199811000-00008 

6. Elbaz U, Mireskandari K, Shen C, Ali A. Corneal Fine Needle 
Diathermy With Adjuvant Bevacizumab  to Treat Corneal 
Neovascularization in Children. Cornea 2015; 34(7): 773–777. 
https://doi:10.1097/ICO.0000000000000419 

7. Brooks BJ, Ambati BK, Marcus DM, Ratanasit A. Photodynamic 
therapy for corneal neovascularisation and lipid degeneration. Br J 
Ophthalmol 2004; 88: 840. https://doi: 10.1136/bjo.2003.035071 

8. Gan L, Fagerholm P, Palmblad J. Vascular endothelial growth 
factor (VEGF) and its receptor VEGFR-2 in the regulation of corneal 
neovascularization and wound healing. Acta Ophthalmol Scand 
2004; 82: 557–563.https://doi: 10.1111/j.1600-0420.2004.00312.x 

9. Schmidt-Erfurth UM, Richard G, Augustin A, Aylward WG, 
Bandello F, Corcostegui B, et al. Guidance for the treatment of 
neovascular age-related macular degeneration. Acta Ophthalmol 
Scand 2007; 85: 486–94. 
htttps://doi:10.1111/j.1600-0420.2007.00979.x 

10. Krizova D, Vokrojova M, Liehneova K. Treatment of Corneal 
Neovascularization Using Anti-VEGF Bevacizumab. J Ophthalmol 
2014: 178132.https://doi.org/10.1155/2014/178132 

11. Usui T, Yamagami S, Kishimoto S, Seiich Y, Nakayama T,     Amano 
S et al. Role of macrophage migration inhibitory factor in corneal 
neovascularization. Invest Ophthalmol Vis Sci 2007; 48: 3545–3550.  
https://doi:10.1186/s12348-023-00361-2 

12. Bock F, Konig Y, Kruse F, Baier M, Cursiefen C. Bevacizumab  
(Avastin) eye drops inhibit corneal neovascularization. Graefes 
Arch Clin Exp Ophthalmol 2008; 246: 281–284. 
https://doi: 10.1007/s00417-007-0684-4 

13. You IC, Kang IS, Lee SH, Yoon KC. Therapeutic effect of 
subconjunctival injection of Bevacizumab  in the treatment of 
corneal neovascularization. Acta Ophthalmol 2009; 87(6): 653-658. 
https://doi.org/10.1111/j.1755-3768.2008.01399.x 

14. Maddula S, Davis DK, Maddula S, Burrow MK, Ambati BK. 
Horizons in therapy for corneal angiogenesis. Ophthalmology 2011; 
118(3): 591-599. https://doi: 10.1016/j.ophtha.2011.01.041 

15. Chang JH, Garg NK, Lunde E, Han KY, Jain S, Azar DT et al. 
Corneal neovascularization: An anti-VEGF therapy review. Surv 
Ophthalmol 2012; 57(5): 415-429. 
https://doi: 10.1016/j.survophthal.2012.01.007 

16. Vieira AC, Höfling-Lima AL, Gomes JÁ, de Freitas D, Farah ME, 
Belfort R Jr et al. Intrastromal injection of Bevacizumab  in patients 
with corneal neovascularization. Arq Bras Oftalmol 2012; 75(4): 
277-279. https://doi:10.12659/AJCR.906506 

17. Koenig Y, Bock F, Kruse FE, Stock K, Cursiefen C. Angioregressive 
pretreatment of mature corneal blood vessels before keratoplasty: 
Fine-needle vessel coagulation combined with anti-VEGFs. Cornea 
2012; 31(8): 887-892. 
https://doi: 10.1097/ICO.0b013e31823f8f7a 

18. Mohammadpour M. Deep intrastromal injection of Bevacizumab  
for the management of corneal neovascularization. Cornea 2013; 
32(1): 109–110. 
https://doi: 10.1097/ICO.0b013e318262e872 

19. Hashemian MN, Zare MA, Rahimi F, Mohomadpour M (2011) 
Deep intrastromal Bevacizumab  injection for management of 
corneal stromal vascularization after deep anterior lamellar 
keratoplasty, a novel technique. Cornea 2011; 30(2): 215–218. 
https:// doi:10.1097/ICO.0b013e3181e291a6 

20. Gupta AA, Mammo DA, Michael A. “Intrastromal Bevacizumab  in 
the Management of Corneal Neovascularization: a Retrospective 
Review.” Graefe’s Arch Clin Exp Ophthalmol 2020: 167–173. 
https://doi:10.1007/s00417-019-04519-4 

21. Yeung SN, Lichtinger A, Kim P, Amiran MD, Slomovic AR (2011) 
Combined use of subconjunctival and intracorneal Bevacizumab  
injection for corneal neovascularization. Cornea 2011; 30(10): 1110–
1114. 
https://doi: 10.1097/ICO.0b013e31821379aa 

22. Vieira AC, Höfling-lima AL, Gomes JÁ, Dd F, Farah ME, Belfort R 
et al. Intrastromal injection of Bevacizumab  in patients with 
corneal neovascularization. Arq Bras Oftalmol 2012; 75(4): 277–279. 
https://doi.org/10.1007/s00417-019-04519-4 

23. Sarah B, Ibtissam H, Mohammed B, Hasna S, Abdeljalil M. 
Intrastromal Injection of Bevacizumab  in the Management of 
Corneal Neovascularization: About 25 Eyes. J Ophthalmol 2016; 
2016: 6084270.  
https://doi: 10.1155/2016/6084270 

24. Stevenson W, Cheng SF, Dastjerdi MH, Ferrari G, Dana R. Corneal 
neovascularization and the utility of topical VEGF inhibition: 
ranibizumab (Lucentis) vs Bevacizumab  (Avastin). Ocul Surf 2012; 
10(2): 67-83. 
https://doi: 10.1016/j.jtos.2012.01.005  

25. Bayo-Calduch P, Vila-Arteaga J, MaríCotino JF. Fine needle 
diathermy and intraestromal Bevacizumab : A combined treatment 
for corneal neovascularization. Ophthalmol Open J 2016; 1(1): 17-
20. https://doi: 10.17140/OOJ-1-105 

 
 
 
 
 
 
 


