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Abstract 
Purpose: To evaluate the safety and efficacy of subconjunctival and/or intrastromal bevacizumab 

preoperatively in preventing corneal graft rejection in corneal scars with vascularization more than 2 

quadrants. 

Methods: This randomized, placebo controlled clinical trial was conducted on 20 eyes of 20 patients attending 

the ophthalmology OPD, Rajindra Hospital Patiala, randomized to Group 1 (bevacizumab) 10 patients and 

Group 2(Balanced salt solution), 10 patients. Group 1 received a cycle of three subconjunctival and/or 

intrastromal injections of 5mg/0.2ml Bevacizumab. After last injection, all patients underwent keratoplasty. An 

adjunctive injection was performed on half of the patients intraoperatively at the end of surgery. Group 2 

received balanced salt solution in same manner. Each patient was submitted to a complete eye examination. The 

improvement in BCVA, absence of immune rejection signs in the graft at examination was considered as main 

outcome measure.  

Results: There were stastically significant difference between the groups in variables postoperative BCVA, 

postoperative corneal thickness and intra-operative bevacizumab in preventing corneal rejection. 

Conclusion: Subconjunctival and/or intrastromal Bevacizumab had significant effect in preventing the corneal 

graft rejection in corneal scars with vascularization more than 2 quadrants and was not associated with any 

adverse effects. 
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I. Introduction 
Although described for more than 100 years, corneal transplantation has become increasingly common 

since the 1960s. In 2014, 46,173 corneal transplantations were performed in United States.
[1]

 It has evolved from 

its primitive form to the present day surgery due to improved eye banking procedures, technical improvement in 

the form of good suturing material, higher quality microscopes, and better drugs to suppress postoperative 

inflammation. Graft rejection is one of the leading causes of corneal graft failure. With the introduction of 

topical steroids, and other immunosuppressive drugs, the graft survival rate has remarkably improved.
[2] 

            Definition: First described by Paufique et al in 1948,
[3]

 later by Maumenee (1951),
[4]

 and later elaborated 

by Khodadoust and Silverstein in 1969,
[5]

 corneal graft rejection is a specific process in which a graft that has 

been clear for at least 2 weeks suddenly succumbs to graft edema in conjunction with anterior segment 

inflammatory signs.
[6-7]

 

Corneal graft rejection is defined as a complex immune mediated process resulting in decompensation of the 

transplanted cornea. It is characterized by one of the following:
[8-9]

 

 Development of epithelial and or endothelial rejection line and stromal rejection band. 

 Recent unilateral anterior chamber reaction with keratic precipitate. 

 Increase in corneal thickness (edema) in a previously clear compact graft with visible aqueous cells. 

 

Incidence: About 60,000 corneal grafts are performed worldwide, of which up to 30% of eyes with 

penetrating keratoplasty experience at least one episode of rejection and about 5-7% lead to eventual graft 

failure.
[10-12]

 Reported incidence of corneal graft rejection varies from 2.3% to 68%.
[13] 

The study by Alldrege 

and Krachmer in 1981 reveals the corneal graft rejection occurs in up to 50% of the recipients and is the single 

most important reason of graft failure
 [14] 

Patients with corneal stromal vascularization have a high risk of 

immunological failure. The degree of vascularization (i.e., number of vessels and number of quadrants involved) 

is associated with both the risk of rejection and the time interval between penetrating keratoplasty and onset of 
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rejection. Once corneal rejection occurs, the difficulty of reversal also depends on the degree of corneal 

vascularization. Most authors consider stromal vascularization of two quadrants or more to be a high risk factor
 

[15-19] 

Corneal neovascularization(CN) is associated with high levels of inflammatory cells and mediators 

within the graft, which could provoke graft rejection.
[20] 

Neovascularization is a sequel of an altered balance 

between angiogenic and antiangiogenic factors and an insult to the cornea may enhance the production of 

angiogenic stimulators, such as vascular endothelial growth factor(VEGF).
[21] 

            Until now, the Literature has reported the topical, subconjunctival, intracameral and intrastromal 

application of Bevacizumab
 [21]

, as VEGF inhibitor, to reduce CN; but results were variable and partial. 

Furthermore, VEGF has an effect on vascular endothelium permeability, recruitment of inflammatory cells, 

inflammatory mediators release and chemotaxis.
 [22-24]

 

 

                                                                    II.    Methods 
This randomized, placebo- controlled clinical trial was conducted on the patients attending the 

ophthalmology OPD of Rajindra hospital Patiala from July 2016 to June 2017 with corneal scars with 

vascularization more than 2 quadrants. Written informed consent was obtained from all patients and they were 

explained about the possible consequences. We interviewed the patient before hand to obtain information like 

personal data, contact number, any medical or ocular history, any history of drug allergy.     

 

Inclusion Criteria 

1. Patients more than 18 years of age 

2. High risk transplantation due to corneal neovascularization more than 2 quadrants like patients of post 

herpetic leucomas and repeated corneal transplant rejections. 

 

Exclusion Criteria 

1. Patients with Non-high risk keratoplasty 

2.  Patients with Glaucoma 

3. Patients with any other systemic pathology 

4. Patients with allergy to Bevacizumab 

 

            All the patients underwent slit lamp examination to see anterior segment. Best corrected visual acuity 

(BCVA), manifest refraction, IOP (measured by schiotz indentation tonometry), Corneal thickness (measured by 

Pentacam), and detailed slit lamp examination. Routine investigations like blood pressure, random blood sugar 

was done to all patients. Topical antibiotic was started prior to day of surgery. We randomized the patients into 

two groups: A group (10 eyes of 10 patients) and B group (10 eyes of 10 patients). 

 

Surgical Technique 

In Group A, eyes were anaesthetized with topical paracaine eye drops and povidone iodine 5% solution 

was used to disinfect the periocular skin and ocular surface. Subconjunctival and/or intrastromal  5mg/0.2ml 

Bevacizumab  (Avastin;Genentech, Inc., South Francisco, CA, USA) was injected at the site of corneal 

neovascularization by means of 26G needle. The entire dose was equally distributed in all the quadrants, 

adjacent to limbus. Instromal and subconjunctival injections were both performed in the presence of main 

stromal vessel: we injected half dose into the stroma at the origin of major feeder vessel and other half dose into 

the adjacent conjunctiva. Group B was injected subconjunctival balanced salt solution in the same manner.            

In Group A patients, a cycle of three Bevacizumab injections was performed monthly by the same surgeon prior 

to the surgery.  After last injection, all patients underwent penetrating keratoplasty. Half of the patients received 

an adjunctive subconjunctival injection of 5mg/0.2ml Bevacizumab at the end of the keratoplasty procedure. 

           Group B after receiving balanced salt solution injections monthly underwent penetrating keratoplasty and 

half of the patients received an adjunctive subconjunctival injection of balanced salt solution at the end of 

keratoplasty. After surgery, topical (prednisolone eyedrops in a tapering dose for 6 months) and systemic 

corticosteroids (prednisolone 30mg/day, tapered in a month) with topical antibiotic (1% moxifloxacin eyedrops 

four times a day for 2 weeks) were administered equally in both groups. The entire population study was 

submitted to slit lamp examination before keratoplasty and during follow up to detect signs of corneal graft 

rejection. Follow up visits were performed at 1 day, 7 days, 1 month, 3, 6 months postoperatively. The clinical 

absence of immune rejection signs in the graft was considered as main outcome measure in Bevacizumab 

treated cases. In postoperative visits, following factors are evaluated refraction, IOP, corneal thickness, slit lamp 

examination and signs of graft rejection ( development of endothelial and epithelial rejection line and stromal 

rejection band, recent anterior chamber reaction with keratic precipitate, increase in corneal thickness in a 

previously clear compact graft with visible aqueous cells).  
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II. Results 

The study was conducted on 20 eyes of 20 patients with 10 eyes in each group. All patients completed 

the postoperative visits, except two who were lost to follow-up at month three and another subject at month six. 

There was no stastically significant difference between the study groups in terms of demographic data, operated 

eye, preoperative BCVA, corneal vascularization, preoperative corneal thickness and IOP (Table 1). 

         There is stastically significant improvement in postoperative BCVA (p=0.041) in between the study 

groups and postoperative corneal thickness in Group A (540.30±25.81) from Group B (595.70±68.854). 

However there is no stastically significant difference between the study groups in terms of postoperative 

epithelial rejection line, endothelial rejection line, stromal rejection band, anterior chamber reaction and IOP 

(Table 2). 

As shown in Table 3 half of the patients in Group A received intra-operative bevacizumab (p=0.010) 

along with the pre-operative bevacizumab and revealed stastically significant difference (Table 3). 

 

                                 Table 1. Demographics and ocular characteristics of the study patients 
 Group A Group B X2 p value 

Number 10 10   

Gender (Female/Male) 3/7 4/6 0.220 0.639 

Eye ( Right/Left) 6/4 4/6 0.800 0.371 

Age (Years) 64.50±5.968 63.70±5.736 0.306 0.763 

Corneal vascularization 
(3/4Quadrants) 

7/3 7/3 1 1 

Preoperative BCVA 

6/60 
FC 1M 

FC 2M 

HMNF 
PL 

 

1 
1 

3 

4 
1 

 

1 
2 

2 

3 
2 

1.024 0.906 

Preoperative Corneal thickness (µm) 525.00±14.174 534.60±7.706 1.882 0.076 

Preoperative IOP (mmHg) 16.90±1.729 16.90±2.132 0.000 1.000 

BCVA, best corrected visual acuity; IOP, intraocular pressure FC, finger counting, HMNF, hand movement near 

face, PL, perception of light, Values are presented in mean ± standard deviations                                                                     

 

                                                                    Table 2. Postoperative variables 
 Group A Group B X2 p value 

Postoperative BCVA 

6/24 

6/36 
6/60 

HMNF 

 

4 

4 
1 

1 

 

0 

2 
4 

4 

10.080 0.041 

Postoperative epithelial rejection 
line (-/+) 

10/0 9/1 1.053 0.305 

Postoperative endothelial 

rejection line (-/+) 

9/1 8/2 0.392 0.531 

Postoperative stromal rejection 

band  (-/+) 

8/2 6/4 0.952 0.329 

Anterior chamber reaction 

- 
1+ 

2+ 

3+ 

 

8 
1 

1 

0 

 

6 
0 

2 

2 

3.619 0.306 

Postoperative corneal thickness 
(µm) 

540.30±25.281 595.70±68.854 2.388 0.028 

Postoperative IOP (mmHg) 17.50±1.841 17.80±1.317 0.419 0.680 

 

                                                                       Table 3. Intra-operative Bevacizumab 
 Group A Group B X2 p value 

Intraoperative bevacizumab 
 (-/+) 

5/5 10/0 6.667 0.010 

 

III. Discussion 

          Corneal neovascularization is considered one of the major risk factor for graft failure after keratoplasty. 

Various substances have been previously reported as potential vessel inhibitors, such as corticosteroids, non-

steroidal anti-inflammatory drugs, methotrexate
 [25]

, cyclosporine A
 [26]

, thalidomide
 [27]

. However, all these 

drugs may cause several side effects. The present study was conducted to evaluate the safety and efficacy of 

subconjunctival and/or intrastromal bevacizumab preoperatively in preventing corneal graft rejection in corneal 
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scars with vascularization more than quadrants. This is compatible with some other studies reporting beneficial 

effect from bevacizumab administration on preventing corneal graft rejection in corneal scars with 

vascularization. In the present study, all the patients were followed for at least 6 months. Corneal graft rejection 

was defined as development of epithelial and or endothelial rejection line and stromal rejection band, recent 

unilateral anterior chamber reaction with keratic precipitate, increase in corneal thickness (edema) in a 

previously clear compact graft with visible aqueous cells. The rejection rate in group A is less than in group B 

and no serious ocular effect was observed. 

       Bevacizumab, as anti-VEGF has been shown in experimental models
 [21]

 and in humans 
[28-30]

. It also  

induced more effective regression of CN compared to Ranizumab.
 [31]

 Another study, the effect of 

subconjunctival Bevacizumab as adjunctive treatment to prevent graft rejection in high risk corneal 

transplantation was supported in murine model. The parameter analyzed was the mean percentage reduction of 

neovascular area after drug injections. 
[32]

 Our findings could be explained with the Bevacizumab inhibition of 

the vascular endothelium  permeability, inflammatory mediators release and chemo tactic effect of VEGF.
 [21]

 As 

suggested by Cursiefen et al.
 [33],

 VEGF-A recruitment of inflammatory cells, particularly monocytes and 

macrophages, plays a critical role in inducing inflammatory neovascularization by supplying and amplifying 

signals  essential for pathological hem angiogenesis and lymph angiogenesis. 

 

IV. Conclusion 

In conclusion, this study found that subconjunctival and/or intrastromal Bevacizumab shows significant   

reduction in corneal graft rejection in corneal scars with vascularization more than quadrants and was also not 

associated with local adverse effects. The limited number of patients, lack of routine follow-up were the     

shortcomings of the study. 
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