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Purpose: To determine if intravitreal anti-vascular endothelial growth factor (anti-VEGF) injections are associated with an increased
risk of glaucoma drainage device (GDD) erosions.

Patients and Methods: A retrospective chart review was conducted including patients with diabetic retinopathy and had a GDD
implanted at a large academic institution. The rate of GDD erosions was compared between eyes that did or did not receive intravitreal
anti-VEGF injections. A subanalysis was also performed the relationship between diabetic macular edema (DME) and intravitreal
steroid injections and GDD erosions.

Results: A total of 677 eyes from 608 patients was included. A total of 447 eyes received at least one anti-VEGF injection; 230 eyes
never received such therapy. Twenty eyes (4.5%) receiving anti-VEGF had at least one erosion event, compared to 7 eyes (3.0%) of
patients not receiving anti-VEGF therapy (OR 1.49, p=0.37). Diabetic macular edema was associated with a significantly increased
rate of erosion in eyes not receiving anti-VEGF (71.4% versus 31.4%, p=0.034), but not in eyes receiving anti-VEGF (30.0% versus
40.7%, p=0.34). Receiving more than one specific anti-VEGF agent, an increased frequency or total number of anti-VEGF injections,
or receiving intravitreal steroids were not associated with an increased risk of erosion (p>0.05).

Conclusion: In patients with diabetic retinopathy, the use of anti-VEGF does not result in an increased rate of GDD erosions or
recurrent erosions. Further research is needed over a longer follow-up period to determine if longer or more frequent anti-VEGF
treatment is a risk factor for recurrent erosions.
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Introduction
Glaucoma drainage devices (GDDs) are increasingly used to control glaucoma in patients with various diseases.
Erosions, in which the GDD tube and/or plate become exposed, occur in approximately 5% of implants within the
first five years after implantation;' these GDDs need to be promptly revised or explanted to reduce the risk of
endophthalmitis.” Known risk factors for erosion include topical steroid use, uveitis, use of donor cornea or pericardium
to cover the GDD during implantation, prior ocular surgery, female gender, older age, Caucasian race, and placing the
GDD in an inferior quadrant of the eye.> ® A history of diabetes mellitus has not been associated with an increased risk of
GDD exposure.*”* However, these studies did not specifically investigate diabetic retinopathy or treatment of diabetic
retinopathy (intravitreal steroids and anti-vascular endothelial growth factor (anti-VEGF) agents) as risk factors for
exposure.

Liu et al examined the rate of GDD erosions in patients receiving anti-VEGF injections in the treatment of
neovascular age-related macular degeneration (AMD). They reported that patients receiving anti-VEGF had similar
total rates of GDD erosions, but there was a significantly higher rate of recurrent erosions among patients receiving
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anti-VEGF, with patients receiving anti-VEGF for neovascular AMD experiencing an average of 2.1 erosion events
compared to 1.3 in patients with non-neovascular AMD not receiving anti-VEGF.? Miraftabi et al also described two
cases of combined subconjunctival anti-VEGF with GDD implantation that resulted in GDD exposure.'® The
mechanism of GDD exposure after anti-VEGF is unclear but could be multifactorial. First, manipulation and trauma
to the conjunctiva can result in conjunctival erosion and subsequent GDD exposure. Second, the anti-VEGF
medication can alter wound healing and reduce scar formation, and thus use of anti-VEGF may make an erosion
more likely. However, further studies in this field are necessary to elucidate the precise mechanism in which anti-
VEGF intravitreal injections may increase the rate of GDD erosion.”'”

The present study compares the rates of GDD erosion between patients receiving intravitreal anti-VEGF and those
not receiving anti-VEGF for the treatment of diabetic retinopathy. A subgroup analysis was performed for patients
also receiving intravitreal steroids for the treatment of diabetic retinopathy. As prior studies have demonstrated that
anti-VEGF for other indications increases the rate of GDD erosions, we hypothesize that the same will hold true for
anti-VEGF treatment for diabetic retinopathy. Similarly, since topical steroids have been associated with an increased
rate of GDD erosions in prior studies, we hypothesize that intravitreal steroids will also increase this risk.* ¢%1°

Methods

Retrospective Chart Review

A retrospective chart review was performed, identifying all patients who had a GDD placed and were treated for diabetic
retinopathy at our institution between 2014-2021. To be included, patients must have had a GDD implanted at the University
of Miami/Bascom Palmer Eye Institute and also been diagnosed with at least mild diabetic retinopathy, as determined by
clinical examination. Patients must have been at least eighteen years old at the time of implantation; all genders were
included. All models of GDD, including Ahmed, Molteno, and Baerveldt versions, were included. When treatment for
diabetic retinopathy was indicated, patients were offered anti-VEGF injections and/or panretinal photocoagulation, when
appropriate. Treatment decisions were made based on clinician and patient preference. Patients were excluded from this
study if their GDD was placed outside of our institution, or the patient did not have any level of diabetic retinopathy.

Patient charts were reviewed for prior surgical history, number and type of anti-VEGF treatments, location and type
of GDD, and whether an intravitreal steroid was administered. Not all physicians recorded the quadrant of anti-VEGF
injection, so this was not analyzed. If it had been more than two years since the last anti-VEGF injection prior to the
patient presenting for GDD exposure, they were analyzed in the group not receiving anti-VEGF injections. Visual acuity
was measured using Snellen charts, and intraocular pressure was obtained via applanation except in cases of severe
corneal disease resulting in unreliable applanation; in these cases, rebound tonometry was utilized.

Approval was obtained from the University of Miami Institutional Review Board (approval number 20100785) and this
study adhered to the guidelines of the Declaration of Helsinki. The Institutional Review Board deemed that the study was
exempt from requiring additional approval from study subjects due to the noninvasive and retrospective nature of the study.
Patient records were de-identified prior to data analysis, and no potentially identifying information is released in this study.

Statistical Analysis

Descriptive statistics for categorical variables include counts and percentages and for continuous variables include means and
ranges. Group differences for categorical variables were assessed with Pearson chi-square or Fisher exact tests, and the
Mann—Whitney Wilcoxon two-sample test was used for the continuous variables (none of which was normally distributed).
The odds ratio for erosion and anti-VEGF treatment was calculated using a generalized mixed model. A one-sample -test
and a one-sample binomial test were used to compare out results to those of a previous study. All analyses were done using
SAS version 9.4 software (SAS Institute, Cary, NC, USA). A p-value < 0.05 was considered statistically significant.

Results
A total of 677 eyes from 608 patients was included. The characteristics of patients included in the study are depicted in
Table 1. A total of 447 eyes received at least one dose of anti-VEGF therapy; 230 eyes never received such therapy. One
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Table | Demographic Characteristics

Age 65.6 years (range 22—100 years)
Gender 340 male (55.9%), 268 female (44.1%)
Race/Ethnicity 260 Hispanic/Latino (42.8%)

256 Black (42.1%)

71 Caucasian (11.7%)

8 Asian (1.3%)

4 Multi-racial (0.7%)

3 Native American (0.5%)
6 Unknown (1.0%)

Glaucoma diagnosis 415 (61.3%) Neovascular glaucoma

158 (23.3%) Primary open angle glaucoma
48 (7.1%) Mixed mechanism/secondary glaucoma
23 (3.4%) Primary angle closure glaucoma

12 (1.8%) Uveitic glaucoma

7 (1.0%) Pseudoexfoliative glaucoma

4 (0.6%) Angle recession/traumatic glaucoma
3 (0.4%) Juvenile open angle glaucoma

3 (0.4%) Ocular hypertension

2 (0.3%) Aphakic glaucoma

2 (0.3%) Phacomorphic glaucoma

Diabetes diagnosis 67 (9.9%) Mild NPDR
24 (3.5%) Moderate NPDR
17 (2.5%) Severe NPDR
58 (8.6%) NPDR (stage unspecified)
511 (75.5%) PDR

Note: Demographic characteristics of patients included in the study.
Abbreviations: NPDR, nonproliferative diabetic retinopathy; PDR, proliferative diabetic
retinopathy.

or more erosions occurred in 4.5% of patients receiving anti-VEGF therapy, compared to 3.0% of patients not receiving
anti-VEGF therapy. The odds ratio for erosion for eyes receiving anti-VEGF was 1.49 (95% CI 0.65-3.85, p=0.37), but
this was not statistically significant.

In patients who had GDD exposure, 44.4% underwent primary explanation, whereas the remaining 55.6% underwent
revision upon the first exposure. Of the revisions, 33.3% used a scleral patch graft during revision surgery, 33.3% used
a corneal patch graft, 6.7% used a pericardial patch graft, and 26.7% did not use a patch graft because the tube was
tunneled through the sclera, effectively burying it. Twenty percent of those initially revised ultimately required removal
due to re-exposure and/or endophthalmitis.

Tables 2 and 3 list the various ocular characteristics and risk factors for erosion between eyes that received anti-
VEGF but did not have an erosion, those that did not receive anti-VEGF and did not have an erosion, those that received
anti-VEGF and had at least one erosion event, and those that did not receive anti-VEGF but had at least one erosion
event. The most common glaucoma diagnosis in both groups receiving anti-VEGF was neovascular glaucoma, while
primary open angle glaucoma was the most common diagnosis in those not receiving anti-VEGF. The vast majority of
GDDs were placed superotemporally (85-95% in all groups), but the type of patch graft used varied between groups.
Most patients in all groups were pseudophakic. On average, the mean (range) time from last anti-VEGF injection to GDD
erosion was 4.4 (range 0.25 to 25) months.

The average number of intravitreal injections per year was similar between eyes receiving anti-VEGF who did not
develop an erosion compared to those who did (2.4 versus 2.7, p=0.45), and the average total number of injections was
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Table 2 Comparison of Diabetic Characteristics Amongst Patients with Receiving Anti-Vascular Endothelial Growth Factor (Anti-
VEGF) versus Not Receiving Anti-VEGF

Receiving Anti-VEGF
with No Erosion

Not Receiving Anti-
VEGF with No Erosion

Receiving Anti-

VEGF with Erosion

Not Receiving Anti-
VEGF with Erosion

present

Total number of eyes 427 223 20 7
Diabetes diagnosis
NPDR 59 (13.8%) 112 (50.2%) 3 (15.0%) 2 (28.6%)
PDR 368 (86.2%) 111 (49.8%) 17 (85.0%) 5 (71.4%)
Diabetic macular edema 174 (40.7%) 70 (31.4%) 6 (30%) 5 (71.4%)

Average number of injections

4.6 (range 1-43)

Not applicable

6.2 (range 1-23)

Not applicable

Average number of injections/

year

2.4 (range 0.5-10)

Not applicable

2.7 (range 1-8.4)

Not applicable

Type of anti-VEGF used

Not applicable

Not applicable

steroids

Bevacizumab 317 (74.2%) 12 (60.0%)
Aflibercept 23 (5.4%) I (5.0%)
Multiple anti-VEGF agents 87 (20.4%) 7 (35.0%)
Percent receiving intravitreal 53 (12.4%) 12 (5.4%) 5 (20.0%) 0 (0.0%)

Average time from last anti-
VEGF to first exposure

Not applicable

Not applicable

4.4 months (range
0.25-24 months)

Not applicable

Note: Comparison of diabetic characteristics amongst patients receiving anti-VEGF versus not receiving anti-VEGF.
Abbreviations: VEGF, vascular endothelial growth factor; NPDR, non-proliferative diabetic retinopathy; PDR, proliferative diabetic retinopathy.

Table 3 Comparison of Glaucoma and Surgical Characteristics Amongst Patients with Receiving Anti-Vascular Endothelial Growth
Factor (Anti-VEGF) versus Not Receiving Anti-VEGF

Receiving Anti-VEGF | Not Receiving Anti- Receiving Anti- Not Receiving Anti-
with No Erosion VEGF with No Erosion | VEGF with Erosion VEGF with Erosion
Total Number of Eyes 427 223 20 7
Average number of erosion events | Not applicable Not applicable 1.4 I.1
per eye that had an erosion
Glaucoma diagnosis:
Neovascular glaucoma 329 (77.0%) 96 (43.0%) 16 (80.0%) I (14.3%)
Primary open angle glaucoma 54 (12.6%) 66 (29.6%) 4 (20.0%) 5 (71.4%)
Other open angle glaucomas 36 (8.4%) 44 (33.2%) 0 (0%) I (14.3%)
Closed angle glaucoma 8 (1.8%) 17 (7.6%) 0 (0%) 0 (0%)
Patients with a prior 27 (6.3%) 19 (8.5%) 3 (15.0%) 0 (0.0%)
trabeculectomy
Patients with a prior vitrectomy 121 (28.3%) 51 (22.9%) 7 (35.0%) I (14.3%)

(Continued)
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Table 3 (Continued).

Receiving Anti-VEGF | Not Receiving Anti- Receiving Anti- Not Receiving Anti-
with No Erosion VEGF with No Erosion | VEGF with Erosion VEGF with Erosion
Patients with a prior cornea 12 (2.8%) 16 (7.2%) 1 (5.0%) 0 (0.0%)
transplant
Lens status:
Pseudophakic 318 (74.5%) 196 (87.9%) 13 (65.0%) 7 (100.0%)
Phakic 102 (23.9%) 26 (11.7%) 6 (30.0%) 0 (0.0%)
Aphakic 7 (1.6%) I (0.4%) 1 (5.0%) 0 (0.0%)
Shunt location:
Superotemporal 407 (95.3%) 197 (88.3%) 18 (90.0%) 6 (85.7%)
Inferonasal 20 (4.7%) 23 (10.3%) 2 (10.0%) 1 (14.3%)
Superonasal 0 (0%) 2 (0.9%) 0 (0%) 0 (0%)
Inferotemporal 0 (0%) 1 (0.4%) 0 (0%) 0 (0%)
Shunt type:
Ahmed 277 (64.9%) 57 (25.6%) 13 (65.0%) 2 (28.6%)
Baerveldt 148 (34.7%) 162 (72.6%) 7 (35.0%) 5 (71.4%)
Molteno 2 (0.5%) 4 (1.8%) 0 (0%) 0 (0%)
Patch graft used
Cornea 321 (75.2%) 180 (80.7%) 13 (65.0%) 2 (28.6%)
No patch graft used 68 (15.9%) 20 (9.0%) 5 (25.0%) I (14.3%)
Sclera 34 (8.0%) 19 (8.5%) 1 (5.0%) 3 (42.9%)
Pericardium 4 (0.9%) 2 (0.9%) 1 (5.0%) 0 (0%)
Amniotic membrane 0 (0%) 2 (0.9%) 0 (0%) 1 (14.3%)
Years since shunt placed (mean) 2.8 (range I-11 years) 3.4 (range 1-10 years) 2.8 (range |-7 years) 3.4 (range |-7 years)
Number of patients with a second | 17 (4.0%) 10 (4.5%) 4 (20%) 3 (42.9%)
shunt

Notes: Comparison of glaucoma and surgical characteristics amongst patients receiving anti-VEGF versus not receiving anti-VEGF. For the shunt location, shunt type, and
type of patch graft used, only data from the first shunt placed was included if the patient had more than one shunt.

similar (4.6 versus 6.2, p=0.87). There was no statistically significant difference between the number of erosion events
per eye between eyes that received anti-VEGF and had at least one erosion compared to the eyes that did not receive anti-
VEGF and had at least one erosion (1.5 versus 1.1, p=0.57).

The rates of diabetic macular edema (DME), as defined by fluid noted on clinical examination and/or macular optical
coherence tomography, were significantly different between eyes that did not receive anti-VEGF and did not have an
erosion compared to those that did have an erosion (70 eyes out of 223, or 31.4%, versus 5 eyes out of 7, or 71.4%,
p=0.034). However, DME rates were similar between eyes that received anti-VEGF that did not have an erosion
compared to those that did (40.7% versus 30.0%, p=0.34). Receiving more than one type of anti-VEGF was not a risk
factor for erosion (20.4% in eyes that did not have an erosion versus 35.0% in eyes that did have an erosion, p=0.25).
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Intravitreal steroid use was not associated with an increased risk of erosion; the rates of intravitreal steroid use in eyes
that received anti-VEGF and did not have an erosion was 12.4% compared to 20.0% in eyes receiving anti-VEGF that
did have an erosion (p=0.30). Similarly, the rate of intravitreal steroid use was 5.4% in eyes that did not receive anti-
VEGF and did not have an erosion compared to 0.0% in eyes that did not receive anti-VEGF and did have an erosion
(p=1.0). The timing of intravitreal steroid administration varied between patients; some received them concomitantly
with anti-VEGF treatment, some in-between anti-VEGF treatments, and others without any anti-VEGF treatment.

Discussion

In this series, intravitreal anti-VEGF therapy was not associated with an increased risk of GDD erosion. Similarly, the
number of GDD erosions per eye was not higher in eyes that had an erosion between eyes receiving anti-VEGF and not
receiving anti-VEGF therapy. There is only one other study evaluating GDD erosions in patients receiving anti-VEGF;
Liu et al reported that anti-VEGF therapy for neovascular AMD was associated with a higher rate of recurrent erosions.
However, they also reported that the overall rate of erosions was similar between eyes receiving anti-VEGF and those
that did not.”

It is unclear why anti-VEGF treatment for AMD would be associated with an increased risk of recurrent erosion, but
anti-VEGF therapy for diabetic retinopathy was not. In terms of demographics, the present study contained fewer
Caucasian patients (11.7%) than Liu et al’s study (78%, p < 0.001). Caucasian race is associated with a higher rate of
GDD erosions,”!! so this difference may have affected the results. Additionally, the present cohort was younger, with an
average of 66 years compared to over 75 years (p < 0.001) in the Liu et al study; older age is also a reported risk factor
for GDD erosions.'' Patients in the prior study received anti-VEGF therapy on average every six weeks, whereas in the
present study, patients received an injection on average every twenty-two weeks. Similarly, the average time from last
anti-VEGF injection to GDD exposure was 1.5 months in the prior study, compared to 4.4 months in the current study.”
Nonetheless, this study further supports their finding that anti-VEGF therapy itself is not associated with an increased
rate of overall GDD erosions.

The presence of DME was associated with an increased rate of GDD erosions in patients not receiving anti-VEGF in
this study, but not in those receiving anti-VEGF. However, this subgroup analysis was relatively small compared to the
entire cohort, and thus further dedicated studies would be needed to confirm this observation. Imazeki et al reported that
anti-VEGF therapy for DME decreases the inflammatory effects of DME;'? this may explain why DME was associated
with an increased rate of GDD erosions in patients receiving anti-VEGF therapy.

Topical steroid use has previously been associated with an increased risk of GDD exposure;*'? however, prior studies
have not evaluated the effect of intravitreal steroids on the rate of GDD exposure. To our knowledge, this is the first study
that evaluates the risk of GDD exposure amongst patients receiving intravitreal steroids; interestingly, unlike topical
steroid use, intravitreal steroid use is not associated with an increased risk of erosion. This suggests that the risk of
erosion from steroid use may be related to local conjunctival effects.'*'* However, like the DME subanalysis, the
number of patients in this group was relatively small, and thus this observation needs to be confirmed.

Limitations of this study include the relatively small number of eyes with GDD erosions as compared to the number
of eyes that did not have GDD erosions; this reflects the relatively low rate of GDD erosions. This is also related to the
relatively short follow-up after GDD placement; the average length of time since the GDD was placed was approximately
three years in all groups. Many studies on GDD outcomes rates have longer follow-up, although the prior study
evaluating GDD erosions after anti-VEGF treatment did not have a minimum follow-up length."*'> Longer follow-up
may identify additional erosion events and thus may be able to elucidate trends that are currently not statistically
significant. Additionally, as this study was conducted at a large academic center with surgeons at varying levels of
experience and techniques, there is a possibility that different surgical methods between surgeons can confound the
results.

Conclusion
In conclusion, anti-VEGF therapy was not associated with an increased rate of GDD erosions or an increased number of
GDD erosions in eyes that experienced at least one erosion event. However, the presence of DME was associated with
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a higher risk of GDD erosion in eyes not receiving anti-VEGF therapy. Further studies with longer follow-up and larger
cohorts will be important to determine if these trends persist with longer anti-VEGF therapy.

Brief Summary
Anti-vascular endothelial growth factor (anti-VEGF) intravitreal injections for diabetic retinopathy are not associated
with an increased rate of glaucoma drainage device erosions.
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