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Purpose: To evaluate long-term clinical outcomes after Ahmed Glaucoma Valve implantation in glaucoma associated with aniridia.
Methods: This was a retrospective, noncomparative, consecutive, interventional case series of 20 eyes in 15 patients with aniridic
glaucoma treated with the Ahmed Glaucoma Valve (Model FP7, New World Medical, Rancho Cucamonga, CA). Patient records were
reviewed for intraocular pressure (IOP), number of glaucoma medications, surgical success (5 mmHg < IOP < 21 mmHg and >20%
from baseline, without additional glaucoma surgery, and without loss of light perception vision), and complications.

Results: The IOP and number of glaucoma medications were significantly reduced at all time points after surgery. The mean IOP was
31.6 = 8.4 and 15.6 + 3.0 mmHg at baseline and 7 years after surgery, respectively (P<0.0005). At baseline and 7 years after surgery,
the average number of medications was 3.0 = 0.7 and 0.8 £ 0.8, respectively (P<0.0005). The cumulative probability of success was
95% at 7 years after surgery. Transient postoperative complications included shallow anterior chamber in 1 eye (5%) and choroidal
effusion in 2 eyes (10%). Complications in the late postoperative period included tube repositioning in 4 eyes (20%), patch graft for
tube exposure in 3 eyes (15%), and cataract in 1 eye (5%). Complications were resolved without vision loss in all patients.
Conclusion: Ahmed Glaucoma Valve implantation is effective for long-term control of IOP in patients with aniridic glaucoma.
Complications were not associated with vision loss.
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Introduction
Aniridia is a pan ocular congenital malformation of the eye, which includes complete or partial iris hypoplasia and foveal
hypoplasia, resulting in reduced visual acuity."* The majority of cases of aniridia and associated disorders are caused by
heterozygous loss-of-function mutations of the PAX6 gene or associated regulatory regions, causing haploinsufficiency of
the PAX6 protein,®* which can be sporadic or familial. Mutations in PAX6 gene disrupt development, leading to the
characteristic ocular and systemic features of aniridia. Aniridia syndrome has been associated with ocular and systemic
problems, including aniridia, foveal hypoplasia, nystagmus, glaucoma, cataract, keratopathy, and obesity.>

Aniridia has been associated with glaucoma, which often develops during childhood to early adulthood.””®
Approximately half of aniridia patients develop glaucoma, with a median onset at age 8.5 years.’ In patients presenting
with aniridia and glaucoma, most have open anterior chamber angles, similar to patients with aniridia without glaucoma.’
A small percentage of eyes with aniridia and glaucoma with closed angles had prior history of ocular surgery,” which
likely contributed to development of angle closure. Aniridia is a pro-fibrotic syndrome,'® which may account for the
small percentage (7%) of patients with aniridic glaucoma and angle-closure.” Medical therapy is often useful for
treatment of aniridic glaucoma, but the majority (58%) of patients require surgical treatment of glaucoma.’ Several
small case series have reported success with the Ahmed Glaucoma Valve in surgical treatment of aniridic glaucoma.'' >
In this study we evaluated the long-term clinical outcomes after Ahmed Glaucoma Valve implantation in the surgical

management of glaucoma associated with aniridia.
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Methods

This was a retrospective, noncomparative, consecutive, interventional case series of 20 eyes in 15 patients with aniridic
glaucoma treated with the Ahmed Glaucoma Valve (Model FP7, New World Medical, Rancho Cucamonga, CA).
Consecutive patients with congenital aniridia treated by a single surgeon (PAN) with the Ahmed Glaucoma Valve
were identified from surgical logs and electronic medical records. All eligible patients were included in the study, and no
eligible subjects were excluded from the analysis. The surgical technique was as described previously (wWww.new
worldmedical.com, instructions for use, Ahmed Glaucoma Valve, FP7).

Patient records were reviewed for intraocular pressure (IOP), number of glaucoma medications, surgical success and
complications for 7 years after surgery. Success was defined as 5 mmHg < intraocular pressure < 21 mmHg and > 20%
lowering of IOP, with or without medications, no loss of light perception vision, and without further glaucoma surgery.
The study was approved by the University of Virginia Institutional Review Board and performed according to the tenets
of the Declaration of Helsinki. Consent was waived due to the retrospective nature of the review, and the data was
anonymized prior to data analysis and maintained with confidentiality. Groups were compared using the non-paired #-test.
Kaplan-Meier survival analysis was used for success rates. P values less than 0.05 were considered statistically
significant. Data were collected and stored in compliance with Health Insurance Portability and Privacy Act guidelines.

Results
The study included 20 eyes in 15 patients with aniridic glaucoma. The mean + SD age at the time of surgery was 34 & 19 years.
Of the treated eyes, 17 (85%) were in female and 3 (15%) were in male patients. All eyes treated (100%) were in Caucasian
patients. Patients had a history of prior ocular surgery in 11 eyes (55%), with cataract surgery in 8 (40%) eyes, artificial iris
surgery in 2 (10%) eyes, corneal surgery in 3 (15%) eyes, and glaucoma surgery in 3 (15%) eyes (3 eyes had more than one
prior procedure, thus the number of eyes was less than the sum of the number of procedures). The three eyes with a history of
glaucoma procedure had been treated with trabeculectomy with mitomycin C, glaucoma drainage implant, and goniotomy.
The majority of the eyes (17/20, 85%) were treated with the Ahmed Glaucoma Valve as primary (initial) surgery for glaucoma.

During surgery, the tube was placed in the sulcus in 7 eyes (35%), and 13 (65%) were placed in the anterior chamber. A 7—0
polyglactin flow-restriction suture was tied around the tube intraoperatively in 5 eyes (25%). One surgeon (PAN) performed
the procedures. Tube placement and flow-restriction were used at the discretion of the surgeon, depending on the potential risk
for complications for individual patients. In a patient with aniridic keratopathy, a central superficial keratectomy was
performed in one eye (5%) during the procedure, to improve the view of the anterior chamber during tube placement.

As shown in Figure 1, the mean intraocular pressure was significantly reduced after Ahmed Glaucoma Valve
implantation compared with baseline (P < 0.0005 at all the postoperative time points). At baseline, the mean IOP was
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Figure | Mean intraocular pressure. The intraocular pressure was significantly reduced after Ahmed Glaucoma Valve implantation compared with baseline (*P < 0.0005) at
all of the postoperative time points. At 7 years, the mean IOP was 15.6 + 3.0 mmHg. N values at baseline, |, 3, 5, and 7 years were 20, 19, 17, 16, and | |. Time 0 was the
baseline (preoperative) IOP.

Abbreviations: IOP, intraocular pressure; AGY, Ahmed Glaucoma Valve.
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31.6 + 8.4 and, at 7 years, the mean IOP was 15.6 = 3.0 mmHg (P<0.0005). At 7 years follow-up, the percent reduction
IOP from baseline was 51%. The numbers of patients with follow-up information at baseline, 1, 3, 5, and 7 years were
20, 19, 17, 16, and 11. At 3 and 4 years after surgery, 2 eyes in 1 patient were lost to follow up when the patient died.

The average number of medications was significantly lower compared with baseline (P < 0.0005) at all time points
after implantation of the Ahmed Glaucoma Valve (Figure 2). At baseline and 7 years after surgery, the average = SD
number of medications was 3.0 £ 0.7 and 0.8 £ 0.8, respectively (P<0.0005). At 7 years follow-up, the percent reduction
of number of medications from baseline was 73%. At baseline, all patients (100%) required glaucoma medications. At
the last follow-up visit, 8 (40%) patients were on no glaucoma medications, and 19 (95%) had reduced the number of
glaucoma medications. Success was defined as 5 mmHg < intraocular pressure < 21 mmHg and > 20% lowering of IOP,
with or without medications, no loss of light perception vision, and without further glaucoma surgery. At 7 years after
surgery, the success rate was 95% (Figure 3). The failure was due to increased intraocular pressure despite medical
therapy, which was improved after treatment with cyclophotocoagulation.

Postoperative complications are shown in Table 1. Transient early postoperative complications (< 3 months) included
shallow anterior chamber in 1 eye (5%) and choroidal effusion in 2 eyes (10%). The patient with a shallow anterior chamber
was treated with a single injection of an ophthalmic viscosurgical device (Healon, sodium hyaluronate 1% solution) to
transiently deepen the anterior chamber. These early postoperative complications resolved without surgical treatment.
Complications in the late postoperative period (> 3 months) included tube malposition treated with repositioning in 4 eyes
(20%). One of these eyes had pre-existing aniridic keratopathy, which was treated with keratoprosthesis after the intraocular
pressure was reduced, requiring repositioning of the tube posterior to the backplate of the keratoprosthesis. None of the other
eyes treated with tube repositioning required additional corneal surgery during the postoperative follow up period. Two
additional eyes had progression of aniridic keratopathy, likely unrelated to glaucoma drainage implant surgery. Three eyes
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Figure 2 Mean number glaucoma medications. The average number of medications was significantly lower compared with baseline (*P < 0.0005) at all time points after
implantation of the Ahmed Glaucoma Valve (AGYV). At 7 years after surgery, the average number of medications was 0.8 * 0.8. Time 0 was the baseline (preoperative)
number of glaucoma medications.
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Figure 3 Cumulative probability of success. Success was defined as 5 mmHg < intraocular pressure < 2|1 mmHg and 2 20% lowering of IOP, with or without medications, no
loss of light perception vision, and without further glaucoma surgery. At 7 years, the success rate was 95% after Ahmed Glaucoma (AGYV) implantation.
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Table | Complications After Ahmed Glaucoma
Valve Implantation in Aniridic Glaucoma (N=20 Eyes)

Complication N eyes (%)

Early postoperative period (S 3 months)
Shallow anterior chamber 1(5%)
Choroidal effusion 2 (10%)

Late postoperative period (> 3 months)

Tube malposition™ 4(20%)
Tube exposure’ 3(15%)
Cataract 1(5%)

Notes: *One patient had tube repositioning for keratoprosthesis
implantation. TAll patients with tube exposure required surgical
treatment with patch graft.

(15%) required patch graft for tube exposure. One eye (5%) developed cataract during the postoperative follow up period,
which was treated with cataract surgery. No complications were associated with vision loss.

Discussion

Glaucoma in aniridia is often poorly controlled with medical therapy and may lead to irreversible vision loss.’ In aniridia
patients, therapeutic goniotomy, trabeculotomy, and cyclodestructive procedures have been associated with high inter-
mediate- and long-term failure.'*'®"'® Trabeculectomy for aniridic glaucoma has been associated with poor surgical
success rates (ranging from 0% to 42%)""'*'®2% and vision-threatening complications,”* although some success has
been reported.>>*® Aniridia is a pro-fibrotic syndrome,'® which may account for the low success rates reported for these
options for primary surgery in aniridia patients. In our study, we assessed the clinical outcomes after implantation of the
Ahmed Glaucoma Valve in 20 eyes with aniridia and glaucoma after long-term (7 years) follow up. The majority of eyes
(85%) were treated with the Ahmed Glaucoma Valve as initial (primary) surgery for glaucoma. In patients with aniridic
glaucoma, we found that Ahmed Glaucoma Valve implantation was effective for long-term control of intraocular
pressure, and that early-and late-postoperative complications were not associated with vision loss.

Different glaucoma drainage implants have been used for treatment of aniridic glaucoma (Table 2). In aniridia
patients, success rates reported for the non-valved Molteno implant have ranged from 67% to 100%.'%*'2"-*® The
number of eyes in these studies was small, ranging from 2 to 6. While the results of these early studies are difficult to
compare to our results, our success rates are within the range reported for the Molteno implant.

Arroyave et al described their results with the non-valved Baerveldt Glaucoma Implant.? In this study, the success
rate was 88% at 1 year for 8 eyes treated with the Baerveldt Glaucoma Implant. The Aurolab Aqueous Drainage Implant
(AADI) is a non-valved implant similar to the Baerveldt implant. Durai et al found an 89% success rate at two years after
treatment with the AADI in 18 aniridic eyes.? In this study, the cumulative probability of failure was significantly higher

Table 2 Glaucoma Drainage Implant Results in Aniridic Glaucoma

Study Drainage Implant | Number Eyes | % Success
Molteno et al (1984)% Molteno 3 100%
Billson et al (1989)% Molteno 2 100%
Wiggins and Tomey (1992)'® Molteno 6 83%
Adachi et al (1997)*' Molteno 3 67%
Arroyave et al (2003)%° Baerveldt* 8 88%
Durai et al (2021)% AADI" 18 89%
Jacobson et al (2022)'* Baerveldt 23 87%
(Continued)
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Table 2 (Continued).

Study Drainage Implant | Number Eyes | % Success
Lee et al (2010)" Ahmed 6 100%
Almousa and Lake (2014)'2 Ahmed 8 88%
Demirok et al (2019)"? Ahmed 6 67%
Jacobson et al (2022)"* Ahmed 8 88%
Bolek et al (2023)'® Ahmed 7 86%
Abdou and Netland (present study) Ahmed 20 95%

Notes: *Implants included 7 Baerveldt devices and | Molteno implant. "AADI = Aurolab Aqueous Drainage
Implant (Madurai, India), which is a Baerveldt-like device.

in a comparison group of 12 aniridic eyes treated with trabeculectomy with mitomycin C. Cataract surgery was
performed in 5 eyes in the trabeculectomy group and no eyes in the AADI group (P=0.01). Jacobson et al reported
87% success for 23 aniridic eyes treated with the Baerveldt Glaucoma Implant compared with 88% success for 8 aniridic
eyes treated with the AGV.'* Complications were not described in this study, which included valved and non-valved
glaucoma drainage implants.

In this study, we treated patients with the Ahmed Glaucoma Valve. Lee et al reported success in all 6 aniridic eyes
treated with the Ahmed glaucoma Valve.!' Almousa and Lake reported 88% success in 8 aniridic eyes after implantation
of the Ahmed Glaucoma Valve, with more than 3 years follow-up.'? In the study by Almousa and Lake, one patient
experienced vision loss due to retinal detachment after drainage implant surgery. Demirok et al reported success in 67%
of aniridic eyes at 1 year after implantation of the Ahmed Glaucoma Valve.'* There was a low frequency on non-vision-
threatening complications, as described in our study. Jacobson and co-investigators found 88% success in 8 aniridic eyes
treated with the Ahmed Glaucoma Valve after average 17.5 + 20.1 years follow-up.'* Bolek et al reported 86% success at
3 years after implantation of Ahmed Glaucoma Valve and no vision-threatening complications in 6 aniridia patients (7
eyes)."> Our success rates were within the range of success reported in the previous studies of the Ahmed Glaucoma
Valve in aniridia (Table 2, N = 6 studies, average success + standard deviation = 87 £+ 11%, median success = 88%). In
our study, we found a similar high success rate up to 7 years after surgery.

In our study, complications occurred at low frequency and were not vision-threatening. One eye (5%) developed
a shallow anterior chamber, and choroidal effusion was found in 2 eyes (10%) during the early postoperative period.
These early postoperative complications resolved without surgical treatment. Complications in the late postoperative
period (> 3 months) included tube repositioning in 4 eyes (20%) and cataract in 1 eye (5%). Three eyes (15%) required
patch graft for tube exposure. Younger age and inflammation are significant risk factors for tube exposure after glaucoma
drainage implant surgery.*® In our patients with tube exposure, two were young age (1.6 and 15 years old) and one was
a 44-year-old with chronic inflammation associated with advanced aniridic keratopathy, which may have increased their
risk for this complication. Although sample size limited our analysis of complications, we were able to describe late
postoperative complications in our study because of the long-term follow up.

Complications were not associated with vision loss in this study. Visual acuity in aniridia is variable, ranging from
logMAR 0.5 to 1.0 (Snellen equivalent 20/60 to 20/200 or worse.>' Visual acuity in aniridia is limited by foveal
hypoplasia and nystagmus, as well as other progressive problems, including aniridic keratopathy, cataract, and glaucoma.
In our aniridia patients, the average visual acuity was logMAR 0.95 + 0.53, with both eyes and 0.78 £ 0.15 in the better
seeing eye (20/125 Snellen equivalent).’! In this study, the visual acuity at last follow-up was not decreased from the pre-
operative level, although we did not do a detailed analysis of the influence of the Ahmed Glaucoma Valve procedure on
visual acuity. Limitations of this study include the limitations of retrospective analysis, including potential biases.
Another limitation is the small sample size, especially in the analysis of complications. Small sample size often is
a limitation of studies of rare diseases such as aniridia. Future studies may be able to analyze larger data sets or

multicenter studies to address sample size problems in this population.
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Conclusion
Ahmed Glaucoma Valve implantation is effective for long-term control of IOP in Caucasian eyes with aniridic glaucoma.

Complications were not associated with vision loss, suggesting that the procedure is relatively safe in eyes with aniridic

glaucoma. In our study, the Ahmed Glaucoma Valve was implanted as an initial (primary) glaucoma surgical treatment in

the majority of patients.
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