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ABSTRACT

Introduction: This study aimed to compare the
surgical outcomes of trabeculectomy and glau-
coma drainage device (GDD) implantation in
patients with congenital aniridia.

Methods: Eligible studies were retrieved from
Embase, MEDLINE (via PubMed), and the
Cochrane Central Register of Controlled Trials
(CENTRAL) up to December 15, 2024. Studies
were included if they reported clinical outcomes
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following trabeculectomy or GDD implantation
in individuals with aniridic glaucoma. Outcomes
of interest included success rates, best spectacle-
corrected visual acuity (BSCVA), intraocular pres-
sure (IOP), use of glaucoma medications, and
postoperative complications.

Data extraction and synthesis were conducted
according to the Cochrane Handbook. Meta-
analyses were performed using a random-effects
model. Heterogeneity among studies was evalu-
ated using the Q test and I° statistic.

Results: Twenty-two of the 1039 screened
studies were included in the meta-analysis.
Pooled complete success rates were not sig-
nificantly different between trabeculectomy
and GDD treatments (p=0.88). However, the
qualified success rate was significantly higher
following GDDs compared to trabeculectomy
(p<0.001) in patients with aniridia. Cox frailty
regression analysis of individual success data
showed similar results: the hazard ratio of fail-
ure was significantly higher after trabeculec-
tomy than after GDD (HR 5.684 from 1.46 to
22.14, p=0.012). No significant differences were
observed between the two procedures in terms
of IOP reduction (p=0.53), percentage change in
IOP (p=0.24), or reduction in glaucoma medica-
tions (p=0.56) at final follow-up. Additionally,
there was no significant difference in the change
in BSCVA between the two groups (p=0.72).
Conclusion: Regarding complete success rates,
trabeculectomy does not seem to provide a
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significant benefit over GDDs in treating aniridic
glaucoma. However, the qualified success rate is
greater with GDD implantation than with trab-
eculectomy. Both surgical approaches show simi-
lar effectiveness in lowering intraocular pressure,
reducing the need for glaucoma medications,
and maintaining visual acuity.

Keywords: Aniridia; Glaucoma;
Trabeculectomy; Glaucoma drainage device;
Tube shunt

Key Summary Points

Why carry out this study?

Both trabeculectomy and glaucoma drainage
device surgery (GDD) are feasible to manage
secondary glaucoma in congenital aniridia,
but no consensus on which technique is bet-
ter has been reached.

This study aims to synthesize the available
evidence and compare the efficacy and safety
of trabeculectomy and GDD in patients with
aniridic glaucoma.

What was learned from the study?

The qualified success rate was higher after
GDD compared to trabeculectomy in people
with aniridic glaucoma.

Both surgical techniques are comparably
effective in terms of complete success rate,
reducing intraocular pressure, decreasing reli-
ance on glaucoma medications, and preserv-
ing visual acuity.

No significant differences in the rate of
serious postoperative complications were
observed between trabeculectomy and GDDs.

INTRODUCTION

Congenital aniridia (aniridia) is a rare panocular
disorder with an estimated prevalence of 1 in
72,000 individuals [1]. It typically affects both

eyes and is characterized by varying degrees of
iris hypoplasia. Approximately two-thirds of
cases are familial, most commonly inherited
in an autosomal dominant manner, while the
remaining third occur sporadically [2]. The
condition is classically caused by mutations in
the PAX6 gene, a key regulator of ocular devel-
opment [3]. Aniridia may be associated with
keratopathy, cataract, optic nerve and foveal
hypoplasia, nystagmus, as well as secondary
glaucoma [4].

Secondary glaucoma in aniridia typically
develops during adolescence or early adulthood,
with reported prevalence ranging from 6% to
75% [5]. Aniridic glaucoma is most commonly
attributed to progressive angle closure due to
anterior rotation of the residual iris stumps,
which tends to evolve throughout the teen-
age years. Other potential mechanisms include
congenital or infantile forms associated with
trabeculodysgenesis or an underdeveloped
Schlemm'’s canal [2, 6]. Glaucoma represents
one of the most challenging complications of
aniridia. Surgical intervention is often required
when medical therapy fails to adequately con-
trol intraocular pressure (IOP) [7].

A variety of surgical techniques have been
employed in the management of aniridic glau-
coma, including cyclodestructive procedures,
trabeculotomy, trabeculectomy, goniotomy,
glaucoma drainage devices (GDDs), and mini-
mally invasive glaucoma surgery (MIGS) [8, 9].
Trabeculectomy is widely regarded as the gold
standard surgical procedure for lowering ele-
vated IOP in glaucoma. Both trabeculectomy
and GDDs involve the formation of an ostium
that diverts aqueous humor away from the con-
ventional outflow pathway, facilitating drain-
age into the subconjunctival space [10, 11].
Currently, there is no clear consensus regarding
the optimal surgical approach for glaucoma [6],
especially associated with congenital aniridia.

This study aims to conduct a systematic
review and meta-analysis comparing trabeculec-
tomy and GDD implantation in patients with
congenital aniridia, focusing on outcomes such
as surgical success rates, visual acuity, intraocu-
lar pressure control, and procedure-related com-
plications. The underlying hypothesis is that sig-
nificant differences may exist in postoperative
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outcomes between surgical techniques, which
could provide valuable insights to help guide
clinical decision-making and improve manage-
ment strategies for aniridic glaucoma.

METHODS

The systematic review and meta-analysis was
conducted in accordance with the Preferred
Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) 2020 guidelines [12],
and was pre-registered in the PROSPERO data-
base (Registration Number CRD42024627078).
The study methodology followed the recom-
mendations outlined in the Cochrane Handbook
for Systematic Reviews of Interventions [13].

Ethical Approval

No ethical approval was required for this system-
atic review with meta-analysis, as all data were
already published in peer-reviewed journals.
No patients were involved in the design, con-
duct, or interpretation of our study. The datasets
used in this study can be found in the full-text
articles included in the systematic review and
meta-analysis.

Information Source and Search Strategy

The electronic databases Embase, MEDLINE (via
PubMed), and the Cochrane Central Register of
Controlled Trials (CENTRAL) were systemati-
cally searched for relevant studies published up
to December 15, 2024, with no language restric-
tions applied. Following the screening of titles
and abstracts, all non-English manuscripts were
excluded. Since only English-language titles
and abstracts were available, translation ser-
vices were not necessary. The search strategy
included the following keywords: ((aniridia) OR
(aniridic) OR (PAX6)) AND ((glaucoma) OR (ocu-
lar hypertension) OR ((ocular OR intra-ocular)
AND pressure)).

Not all PICO elements were included in the
search terms to avoid unduly narrowing the
scope of the literature search. This approach was
chosen to reduce the risk of omitting relevant

studies that, while potentially addressing differ-
ent primary research questions, may still provide
valuable data for our analysis. Given the rarity of
this disease, a broader search strategy was delib-
erately employed to maximize the identification
of pertinent literature and minimize the chance
of missing important evidence. No search filters
were used in order to maximize sensitivity (see
Table S1 in the electronic supplementary mate-
rial for more details).

Eligibility Criteria

The research question was developed using the
Population-Intervention-Comparator-Outcomes
(PICO) framework. Eligible studies included
patients with aniridia-associated glaucoma (P)
who underwent cyclodestructive procedures,
argon laser trabeculoplasty, goniotomy, trabecu-
lotomy, trabeculectomy, or glaucoma drainage
device implantation (I and C). Included stud-
ies reported at least one of the following out-
comes (O): surgical success rate, postoperative
best spectacle-corrected visual acuity (BSCVA),
postoperative intraocular pressure change, post-
operative change in topical glaucoma medica-
tion use, intra- and postoperative complications,
visual field progression, and optic nerve head
changes.

Studies were considered eligible if they evalu-
ated at least one of the aforementioned treat-
ment modalities in patients with aniridia and
reported relevant outcome data. There was no
distinction between specific GDD types, includ-
ing Ahmed, Aurolab Aqueous Drainage Implant
(AADI), Baerveldt, Molteno, and Schocket
devices. Both retrospective and prospective stud-
ies, as well as case series and case reports, were
included. Duplicates and non-human studies
were excluded from the analysis.

Selection Process

All references were managed using EndNote 20
reference management software (Clarivate Ana-
lytics, Philadelphia, PA, USA). After automatic
and manual removal of duplicates, the titles,
abstracts, and full texts were independently
screened by three reviewers (Li, Liu, and Té6th).
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Any disagreements were resolved through dis-
cussion with a fourth reviewer (Szentmary).
The full texts of potentially eligible studies were
subsequently assessed for final inclusion. One
article was excluded because it reported on a
combined trabeculectomy and trabeculotomy
procedure, which did not allow for isolated
analysis of surgical outcomes [6]. In cases of
overlapping study populations, the publication
with the larger sample size was selected to avoid
duplication of data.

Data Collection Process and Items

Data from articles meeting the inclusion cri-
teria were extracted into an Excel spreadsheet
(Office 2016, Microsoft, Redmond, WA, USA).
Extracted variables included general study infor-
mation (author, publication year, study design),
patient demographics (age, gender), number of
subjects, and follow-up duration. For each study,
both baseline (preoperative) and postoperative
values were recorded, and outcomes were col-
lected at multiple time points, where available.

Specifically, the extracted data included com-
plete success rate, qualified success rate, BSCVA
converted to logMAR, IOP, number of antiglau-
coma medications, and postoperative complica-
tions. Additional variables such as prior glau-
coma surgery, previous intraocular procedures,
and the use of adjunctive agents (e.g., mitomy-
cin C or 5-fluorouracil) were also documented.
Complete success was defined as achieving a
final IOP of 21 mmHg or less without the use of
antiglaucoma medications. Qualified success was
defined as a final IOP of 21 mmHg or less with
the aid of antiglaucoma medications.

Where available, individual patient data (IPD)
were collected directly from the included pub-
lications or through correspondence with study
authors. Any disagreements during data extrac-
tion were resolved by team consensus following
discussion.

Quality Assessment of Included Studies

The risk of bias was assessed using the Risk of
Bias in Non-randomized Studies of Interven-
tions (ROBINS-I) tool [14] for non-randomized

interventional studies and the Joanna Briggs
Institute (JBI) Critical Appraisal Checklists [15]
for observational studies, case series, and case
reports. Any disagreements among the review
authors regarding risk of bias assessments were
resolved through discussion. In cases where con-
sensus could not be reached, a third reviewer
was consulted to make the final decision.

Statistical Methods and Data Synthesis

Statistical analyses were carried out using the
meta and metafor packages of the R statistical
software (version 4.4.2). The statistical analyses
follow the advice of Harrer et al. [16]. For all sta-
tistical analyses, a p value of less than 0.05 was
considered significant. All the performed analy-
ses included random effect terms. Eyes were
the base items in the analyses. In several stud-
ies, there were a few patients who underwent
surgery on both eyes. It is a minor limitation
that we could not account for this dependency
because of lack of information.

We calculated pooled proportions using the
generalized mixed-effect approach of Stijnen
et al. [17]. This approach handles small stud-
ies well even those with zero event frequencies.
Some studies contributed to both treatment
subgroups. Although the results corresponded
to different populations, the corresponding ran-
dom effects are correlated in this case. For this
reason, to get subgroup comparison p values, we
logit-transformed the proportions and for the
transformed data we fitted multivariable model
using the rma.mv() function of the metafor R
package. Since the populations behind the pro-
portions were always different, the within-study
covariance between any two logit transformed
proportions is zero. As a continuity correction,
in case of zero frequencies, we used 0.1 in the
logit transformation. We also performed several
study-level meta-regression analyses using the
multivariate methodology on the logit-trans-
formed proportions. When the meta-regression
is based on aggregated variables, the results must
be interpreted with caution due to the possibil-
ity of aggregation bias; see Sect. 7.6.2. of Schmid
et al. [18] for details.
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To pool within-group mean differences, clas-
sical inverse variance random-effect meta-anal-
ysis was applied with REML tau estimator and
Hartung-Knapp adjustment. In several cases,
the standard deviations of the pre- and post-
treatment outcomes were available or could be
estimated, but the standard deviation of the
change was missing. Following the instructions
in the Cochrane Handbook [13], we imputed
several different correlations. In a few studies,
as a result of the availability of IPD, we could
calculate the correlation. On the basis of these
available correlations we imputed correlations
—-0.4, 0, and 0.4. All correlations used provided
similar results. The published results were
obtained using a correlation of 0. It should be
emphasized that although the pooled outcome
and its confidence interval (CI) were roughly the
same in all cases, the CIs of the individual study
results naturally depended on the imputed coz-
relation. We compared subgroups and generated
subgroup difference p values using the classi-
cal mixed-effect approach implemented in the
metagen() R function of the meta package.

We also collected failure time to event IPD
data and calculated pooled HR using the mixed-
effects (frailty) Cox proportional hazards model.
In a few studies, we used the WebPlotDigitizer
tool software (https://automeris.io/WebPlotDig
itizer.html; accessed on February 25, 20235) to
digitize Kaplan-Meier (KM) curves. We estimated
individual patient data from the digitalized
KM curves by direct calculation via inverting
the construction of the KM curve, as similarly
described in Guyot et al. [19].

We visualized the results on forest plots and
bubble plots. Heterogeneity was assessed by cal-
culating univariate I* measure and its CI.

We assessed publication bias separately in
each subgroup, which had at least 10 studies.
In the case of the mean difference, we created
classical funnel plot and performed Egger’s test.
In the case of prevalence, the effect size and the
standard error are dependent. For this reason, fol-
lowing the suggestion of Hunter et al. [20], we
created a modified funnel plot to assess the publi-
cation bias visually: on the y-axis, we plotted the
study size instead of the standard error. Moreover,
instead of Egger’s test, we used Peters’ test [21] to
check the presence of small-study bias.

Assessment of Grade of Evidence

As a result of the limited number of comparative
studies, it was not possible to reliably determine
the grade of evidence for the analyzed outcomes.

Protocol Amendment

As a result of the limited number of studies and
insufficient reported data on the incidence of
visual field changes and optic nerve head alter-
ations, we deviated from the original protocol
and did not include these outcomes in the final
analysis.

RESULTS

Search and Selection

Our systematic search identified a total of 1039
articles. After removal of duplicates, 589 pub-
lications were screened by title and abstract.
Ultimately, 22 studies met the inclusion criteria
and were included in the quantitative synthesis

(Fig. 1).
Basic Characteristics of Included Studies

Table 1 presents the baseline characteristics
of the included studies. The analysis includes
one comparative study involving 30 eyes with
aniridic glaucoma, along with 16 case series and
5 case reports comprising a total of 147 eyes.
Altogether, 177 eyes from patients with aniridic
glaucoma were included in the meta-analysis.
Trabeculectomy was performed with adjunc-
tive agents in 64 eyes (83.1%), while adjunctive
agents were used during GDD implantation in
4 eyes (3.8%).

Other Antiglaucoma Surgical Procedures

As a result of small sample sizes, other inter-
ventions such as trabeculotomy, deep scle-
rectomy, minimal invasive glaucoma surgery
cyclodestructive procedures and goniot-
omy (Table 2) could not be included in the
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Identification of studies via databases and registers ]
Records identified through
_§ g:t;t;:::ss(e;azcg)l_ng: Records removed before screening:
§ s Pubmed (n_- 4'90) Duplicate records removed (n = 450)
o= S - Records marked as ineligible by
: * Embase (n = 540) : =
£ . CENTRAL (n=7) automation tools (n = 0)
§ Additional recor(_is identified Records removed for other reasons (n = 0)
through other sources: 2
i Records excluded
Records screened =
- 589 (n=477)
(n=589) Cohen'’s Kappa: 0.84
Reports sought for retrieval Reports not retrieved
(n=112) (n=0)
(=)}
=
e
8
3 Reports assessed for eligibility
(n=112)
Reports excluded (n = 82):
Ineligible study design (n = 74)
Combined surgery (n=1)
Review article (n =7)
Cohen’s Kappa: 0.89
~——
° Studies included in qualitative synthesis
[}
i (n=30)
o Studies included in quantitative synthesis
£ (n=22)

Fig. 1 Flowchart illustrating the study identification process

quantitative analysis. One case series was Complete and Qualified Success Rates
available on trabeculotomy, one on cyclode-

structive surgery, and one on goniotomy. Original data on complete and qualified success
Other surgical procedures were reported only rates at last follow-up were extracted from all

in case series.
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included studies involving trabeculectomy and
GDDs in patients with aniridic glaucoma, using
deconstructed KM curves and pooled data.
These results indicate that the complete suc-
cess rate was comparable between trabeculec-
tomy and GDDs (p=0.88) (Fig. 2a), while the
qualified success rate was significantly higher
following GDDs compared to trabeculectomy
(p<0.001) (Fig. 2b). The pooled complete suc-
cess rates were 0.48 [95% CI 0.06-0.93] for tra-
beculectomy and 0.39 [95% CI 0.05-0.87] for
GDDs. The pooled qualified success rates were
0.56 [95% CI 0.13-0.91] for trabeculectomy
and 0.84 [95% CI 0.69-0.92] for GDDs.

Failure event times and censored times are
shown in Fig. S1 in the electronic supplemen-
tary material for the two treatment groups.
According to the Cox frailty regression, the
hazard ratio of failure is significantly higher
in the trabeculectomy group than in the glau-
coma drainage device treatment group (HR
5.684 from 1.46 to 22.14, p=0.012).

After excluding case reports, similar results
were observed (see Fig. S2A, B in the elec-
tronic supplementary material for more
details). The pooled complete success rates
were 0.23 [95% CI 0.01-0.92] for trabeculec-
tomy and 0.44 [95% CI 0.03-0.95] for GDDs
(p=0.56). The pooled qualified success rates
were 0.37 [95% CI 0.03-0.90] for trabeculec-
tomy and 0.83 [95% CI 0.67-0.92] for GDDs
(p<0.001). Following excluding the study by
Durai et al., similar results were observed.
The pooled complete success rates were 0.64
[95% CI 0.02-0.99] for trabeculectomy and
0.29 [95% CI 0.02-0.89] for GDDs (p=0.11).
The pooled qualified success rates were 0.61
[95% CI 0.08-0.96] for trabeculectomy and
0.83 [95% CI 0.63-0.93] for GDDs (p=0.001).
See Fig. S3A, B in the electronic supplementary
material for more details.

Meta-regression analyses assessing the effect
of the covariates proportion of prior glaucoma
surgery (p=0.74 and p=0.06), prior intraocu-
lar surgery (p=0.78 and p=0.08), or simulta-
neous adjunctive agents (p=0.69 and p=0.20)
revealed no significant effect on complete and
qualified success rates (see Figs. S4 and S5 in
the electronic supplementary material for more
details).

Outcome

SR, POC

SR, BSCVA,
IOP, AGM,
POC

(months)
4.0

follow-up

Mean
NR
1

GR1 GR2 Typeofthe
GDD
GDD Other:2
Ahmed

TE
GDD -

Age

(mean £ SD,
years)

N

17.0

included eyes
(woman %)

No. of
6 (NR)
1(0.0)

Recruitment
period
2015-2019

NR

Country
Nigeria
Turkey

Design
RCS
CR

(2020) [42]
(2004) [43]

Yalvac et al.

RCS retrospective case series, CR case report, GR group, TE trabeculectomy, GDD glaucoma drainage device, SR success rate, NR not reported, BSCVA best specta-

cle-corrected visual acuity, JOP intraocular pressure, 4 GM antiglaucoma medication, POC postoperative complications

Table 1 continued
First author

(year)
Ugalahi et al.
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Table 2 Basic characteristics of reported data on other surgeries than trabeculectomy and glaucoma drainage devices in peo-

ple with aniridic glaucoma

First Design Country  Recruit-  No. of Age Interven- Mean Complete Qualified
author ment eyes (mean+SD, tion follow-up success (7, success (7,
(year) period years) (months) %) %)
Adachi RCS USA 1958- 12 5.6+8.1 Trabecul- 129.9 3(25.0) 7(58.3)
etal. 1996 otomy
(1997)
[22]
Aldarrab  CR Saudi NR 2 1.3+£0.1 Deep scle- 6 0(0.0) 2 (100)
etal. Arabia rectomy
(2018)
[44]
Lindand CR  Norway NR 1 60 MIGS 24 0(0.0)  1(100)
etal.
(2021)
(45]
Rawlyk CR Canada NR 1 6 MIGS 18 1(100) 1(100)
atel.
(2023)
[46]
Sbordone CR Italy NR 1 18 Cyclode- 60 0(0.0) 1(100)
etal. structive
(2013) surgery
(47]
Wagle RCS USA 1975- 8 NR Cyclode- NR NR NR
etal. 1996 structive
(1998) surgery
(48]
Walton RCS USA NR 14 7 Goni- NR 2(142) 3(213)
(1986) otomy
(49]
Wuetal. CR China NR 1 21 Trabecul- 12 0(0.0) 1(100)
(2024) otomy
(50]

RCS retrospective case series, CR case report, MIGS minimally invasive glaucoma surgery, NR not reported

The Peters’ test for qualified success rate
among GDDs did not reveal significant small-
study effect (p=0.81; see Fig. S6A in the
electronic supplementary material for more
details).

Intraocular Pressure

No significant differences were observed
between trabeculectomy and GDDs at the
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N Mean follow-up
Study Complete success (eyes) (months) Complete success Proportion 95% CI

Trabeculectomy

Adachi et al. 5 NR 0.000 [0.000; 0.522]
Susanna et al. 1 11.0 0.000 [0.000; 0.979]
Durai et al. 12 48.0 0.167 [0.021; 0.484]

Sihota et al. 24.0 0.522 [0.306; 0.732]
Moreker et al. 1 6.0 = 1.000 [0.025; 1.000]
Barthakur et al. 2 48.0 ] 1.000 [0.158; 1.000]
Mandal et al. 2 23.0 ] 1.000 [0.158; 1.000]

—
&
_.,—

—._

Random effects model e —— 0.482 [0.060; 0.931]
e
&
[
&
_.—
=
_.,_

NN NOoOo
N
[N

Heterogeneity: 1?=0% [0.0%; 70.8%], p = 0.7149

Glaucoma drainage devices

Cunliffe et al. 0 3 996 0.000 [0.000; 0.708]
Billson et al. 0 2 34.0 0.000 [0.000; 0.842]
Harvey et al. 0 1 6.0 0.000 [0.000; 0.975]
Trigler et al. 0 1 6.0 0.000 [0.000; 0.975]
Bolek et al. 1 7 36.0 0.143 [0.004; 0.579]
Pereira et al. 1 4 NR 0.250 [0.006; 0.806]
Durai et al. 15 18 48.0 0.833 [0.586; 0.964]
Yalvac et al. 1 1 14.0 | 1.000 [0.025; 1.000]
Akagi et al. 2 2 24.0 =] 1.000 [0.158; 1.000]
Omi et al. 4 4 11.5 = 1.000 [0.398; 1.000]
Random effects model e ————— 0.392 [0.057; 0.874]

Heterogeneity: 1?=4.8% [0.0%; 64.2%], p = 0.3961
Test for subgroup difference: p = 0.882 f T T I T I

N Mean follow-up
Study Qualified success (eyes) (months) Qualified success Proportion 95% ClI

Trabeculectomy

Adachi et al. 0 5 NR — 0.000 [0.000; 0.522]
Susanna et al. 0 1 11.0 ic} 0.000 [0.000; 0.975]
Jacobson et al. 5 21 260.4 0.238 [0.082; 0.472]
Ugalahi et al. 1 4 NR 0.250 [0.006; 0.806]
Durai et al. 5 12 48.0 0.417 [0.152; 0.723]
Sihota et al. 22 23 24.0 0.957 [0.781; 0.999]
Moreker et al. 1 1 6.0 1.000 [0.025; 1.000]
Barthakur et al. 2 2 48.0 1.000 [0.158; 1.000]
Mandal et al. 2 2 23.0 1.000 [0.158; 1.000]

Random effects model
Heterogeneity: /1 = 43.9% [0.0%; 74.1%], p = 0.0754

0.566 [0.133; 0.917]

Glaucoma drainage devices

Trigler et al. 0 1 6.0 5 0.000 [0.000; 0.975]
Demirok et al. 4 6 19.2 0.667 [0.223; 0.957]
Jacobson et al. 25 35 170.4 0.714 [0.537; 0.854]
Pereira et al. 3 4 NR 0.750 [0.194; 0.994]
Almousa et al. 7 8 37.4 0.875 [0.473; 0.997]
Arroyave et al. 7 8

Durai et al. 16 18 48.0 0.889 [0.653; 0.986]
Harvey et al. 1 1 6.0 1.000 [0.025; 1.000]
Yalvac et al. 1 1 14.0 1.000 [0.025; 1.000]
Akagi et al. 2 2 24.0 1.000 [0.158; 1.000]
Billson et al. 2 2 34.0 1.000 [0.158; 1.000]
Ugalahi et al. 2 2 NR 1.000 [0.158; 1.000]
Cunliffe et al. 3 3 99.6 1.000 [0.292; 1.000]
Omi et al. 4 4 11.5 1.000 [0.398; 1.000]
Bolek et al. 7 7 36.0 1.000 [0.590; 1.000]
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Random effects model
Heterogeneity: = 0% [0.0%; 53.6%], p = 0.9985
Test for subgroup difference: p < 0.001

0.841 [0.697; 0.924]

0 02 04 06 038 1

Fig. 2 Success rates of surgical interventions in aniridic glaucoma: complete success (a) and qualified success (b) for trab-
eculectomy and glaucoma drainage devices (GDDs). CI confidence interval, NR not reported
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final follow-up in terms of IOP outcomes. The for IOP change among GDDs did not reveal
mean IOP change was — 17.82 mmHg [95% CI significant (p=0.09) small-study effect (see
- 32.23 to - 3.41] for trabeculectomy and Fig. S7 in the electronic supplementary mate-

- 14.53 mmHg [95% CI - 16.88 to - 12.19] rial for more details). Similarly, the percentage
tor GDDs (p=0.53) (Fig. 3a). The Egger test change in IOP was — 62.92% [95% CI - 115.66

N Mean follow-up IOP (mmHg) IOP (mmHg) IOP (mmHg)
Study (eyes) (months) preop. mean postop. mean change from preop. value MD 95% Cl weights
Trabeculectomy
Barthakur et al. 2 1.0 50.00 19.50 —— -30.50 [-40.30; -20.70] 18.9%
Moreker et al. 1 6.0 36.00 6.00 —— -30.00 [-42.04;-17.96] 17.3%
Sihota et al. 23 87.5 31.46 13.25 = -18.21 [-21.73;-14.69] 22.4%
Mandal et al. 2 23.0 21.00 12.50 E = -8.50 [-13.41; -3.59] 21.8%
Durai et al. 9 48.0 27.20 22.30 — -4.90 [-13.47; 3.67] 19.7%
Random effects model (HK) 37 i -17.82 [-32.23; -3.41] 100.0%
Heterogeneity: 12 = 86.9% [71.7%; 93.9%), t° = 112.8716, p < 0.001
Test for effect in subgroup: t4 = -3.43 (p = 0.026)
Glaucoma drainage devices
Yalvac et al. 1 14.0 40.00 12.00 —_— -28.00 [-43.84;-12.16] 1.9%
Akagi et al. 2 24.0 36.00 15.00 —_— -21.00 [-32.77; -9.23] 3.3%
Arroyave et al. 8 19.0 35.00 14.86 —— -20.13  [-27.92; -12.34] 7.2%
Omi et al. 4 11.5 37.00 18.00 —— -19.00 [-25.30;-12.70] 10.4%
Durai et al. 2 48.0 32.50 17.00 — -15.50 [-31.77; 0.77] 1.8%
Pereira et al. 4 NR 29.75 15.50 — -14.25 [-26.02; -2.48] 3.3%
Billson et al. 2 34.0 29.00 15.00 E 3 -14.00 [-17.92;-10.08] 21.5%
Harvey et al. 1 6.0 31.00 17.00 r -14.00 [-30.27; 2.27] 1.8%
Demirok et al. 6 12.0 33.00 19.50 — -13.50 [-23.91; -3.09] 4.2%
Bolek et al. 7 36.0 30.40 18.20 | | -12.14  [-15.41; -8.87] 27.2%
Cunliffe et al. 3 99.6 28.30 16.30 —— -12.00 [-19.06; -4.94] 8.5%
Almousa et al. 8 37.4 26.30 15.30 —— -11.00 [-17.96; -4.04] 8.8%
Random effects model (HK) 48 * -14.53 [-16.88; -12.19] 100.0%
Heterogeneity: ?=3.7% [ 0.0%; 59.9%], = 1.8862, p = 0.409
Test for effect in subgroup: t14 =-13.65 (p < 0.001)

Test for subgroup differences: ﬁ =0.39,df =1 (p = 0.535) f T T !

A
N Mean follow-up IOP (mmHg) percentage
Study (eyes) (months) change from preop. value MD % 95% ClI weights
Trabeculectomy
Moreker et al. 1 6.0 2] -83.33 [-86.10; -80.57] 35.6%
Barthakur et al. 2 1.0 [ ] -61.00 [ -62.95; -59.05] 35.7%
Mandal et al. 2 23.0 —— -40.00 [ -59.60; -20.40] 28.7%
Random effects model (HK) 5 e -62.92 [-115.66; -10.18] 100.0%
Heterogeneity: = 98.9% [98.1%; 99.3%], 2= 407.0186, p < 0.001
Test for effect in subgroup: t, =-5.13 (p = 0.036)
Glaucoma drainage devices
Yalvac et al. 1 14.0 — -70.00 [ -95.35; -44.65] 5.2%
Akagi et al. 2 24.0 —— -57.14 [-71.14; -43.14] 14.0%
Arroyave et al. 8 19.0 —_— -54.90 [-69.49; -40.31] 13.2%
Billson et al. 2 34.0 R -48.09 [-58.36; -37.82] 21.4%
Harvey et al. 1 6.0 — -45.16 [-101.28; 10.95] 1.1%
Pereira et al. 4 NR —_— -44.89 [-79.38; -10.40] 2.9%
Demirok et al. 6 12.0 — -44.09 [-67.00; -21.18] 6.2%
Cunliffe et al. 3 99.6 —=— -40.76 [ -55.65; -25.87] 12.7%
Bolek et al. 7 36.0 E 3 -40.28 [ -49.88; -30.68] 23.2%
Random effects model (HK) 34 * -48.26 [ -54.83; -41.70] 100.0%
Heterogeneity: /2 = 10.3% [ 0.0%; 68.4%], % = 17.0660, p = 0.349
Test for effect in subgroup: tg = -16.96 (p < 0.001)
Test for subgroup differences: Xf =1.36,df =1 (p = 0.244) f T T !
-100  -50 0 50 100
B

Fig.3 Intraocular pressure outcomes at final follow-up in eculectomy and glaucoma drainage device (GDD) implan-

aniridic glaucoma: absolute intraocular pressure (a) and tation. JOP intraocular pressure, MD mean difference, CI

percentage reduction from baseline (b) following trab- confidence interval, preop preoperative
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to — 10.18] for trabeculectomy and - 48.26%
[95% CI - 54.83 to — 41.70] for GDDs (p=0.24)
(Fig. 3b). Reduction in glaucoma medication
use was also comparable between the two pro-
cedures, with a mean change of - 1.20 medica-
tions [95% CI - 5.59 to 3.19] for trabeculec-
tomy and - 1.83 medications [95% CI - 2.82
to — 0.84] for GDDs (p=0.56) (Fig. 4).

Best Spectacle-Corrected Visual Acuity

No significant difference was observed in BSCVA
change at the final follow-up between trab-
eculectomy [- 0.11, 95% CI - 0.44 to 0.22] and
GDDs [- 0.07, 95% CI - 0.13 to 0.00] (p=0.72)
(Fig. 5). Similarly, there was no significant dif-
ference in the short-term follow-up [trabeculec-
tomy: — 0.25 [95% CI - 0.98 to 0.47]; GDDs:
- 0.07 [95% CI - 0.13 to — 0.01]; p=0.27] (see
Fig. S8A in the electronic supplementary mate-
rial for more details) or in the long-term follow-
up [trabeculectomy: - 0.08 [95% CI - 0.72 to
0.56]; GDDs: - 0.07 [95% CI - 0.13 to 0.00];
p=0.93] (see Fig. S8B in the electronic supple-
mentary material for more details).

N Mean follow-up

Postoperative Complications

The most frequent complication following
GDD implantation was tube exposure or block-
age (n=12; 6.9%), while bleb failure was most
common after trabeculectomy (n=9; 13.2%)
(Table 3). No significant differences in the rate
of serious postoperative complications were
observed between trabeculectomy and GDDs
[Fig. 6 (p=0.25); see Fig. S9 in the electronic sup-
plementary material for more details (p=0.45)].
The study-level linear meta-regression did not
identify a significant association between the
proportion of prior intraocular surgery and
the rate of serious complications (p=0.48), nor
between the use of simultaneous adjunctive
agents and the rate of serious complications
(p=0.15). However, the effect of the proportion
of prior glaucoma surgery on the serious com-
plication rate was significant (p=0.029); specifi-
cally, studies with a higher proportion of prior
glaucoma surgery demonstrated a lower compli-
cation rate (see Fig. S10 in the electronic supple-
mentary material for more details). In addition,
the Peters’ test for postoperative serious compli-
cation rates among GDDs did not reveal a sig-
nificant small-study effect (p=0.13; see Fig. S6B
in the electronic supplementary material for
more details).

Antiglaucoma pharmacotherapy

Study (eyes) (months) preop. mean postop. mean change from preop. value MD 95% Cl weights
Trabeculectomy

Mandal et al. 2 23.0 2.50 0.00 - -2.50 [-3.48;-1.52] 35.3%
Moreker et al. 1 6.0 2.00 0.00 —— -2.00 [-3.97;-0.03] 28.5%
Durai et al. 9 48.0 1.70 2.40 Hil- 0.70 [-0.13; 1.53] 36.2%
Random effects model (HK) 12 e -1.20 [-5.59; 3.19] 100.0%
Heterogeneity: 12=92.1% [80.2%; 96.9%)], 2= 2.8859, p < 0.001

Test for effect in subgroup: t, =-1.18 (p = 0.361)

Glaucoma drainage devices

Yalvac et al. 1 14.0 4.00 0.00 —_— -4.00 [-6.41;-1.59] 71%
Bolek et al. 7 36.0 4.00 1.30 - -2.70 [-3.56;-1.84] 18.2%
Almousa et al. 8 37.4 3.80 1.25 —— -2.55 [-3.98;-1.12] 13.1%
Cunliffe et al. 3 99.6 3.00 1.00 —— -2.00 [-3.27;-0.73] 14.4%
Durai et al. 2 48.0 1.80 0.50 — -1.30 [-2.88; 0.28] 11.9%
Arroyave et al. 8 19.0 1.00 0.00 E 3 -1.00 [-1.64;-0.36] 20.3%
Demirok et al. 6 12.0 3.50 3.00 —— -0.50 [-1.70; 0.70] 15.0%
Random effects model (HK) 35 > -1.83 [-2.82; -0.84] 100.0%
Heterogeneity: /2 = 68% [29.1%; 85.6%], 12 = 0.6538, p = 0.005

Test for effect in subgroup: tg = -4.52 (p = 0.004)

Test for subgroup differences: 7_? =0.33,df =1 (p = 0.566)

Fig.4 Reduction in glaucoma medication use at final follow-up following trabeculectomy and glaucoma drainage device

(GDD) implantation in aniridic glaucoma. CI confidence interval, preop preoperative
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N Mean follow-up BSCVA BSCVA BSCVA

Study (eyes) (months) preop. mean postop. mean change from preop. value MD 95% Cl weights
Trabeculectomy

Barthakur et al. 2 1.0 1.90 1.10 _— -0.80 [-2.04; 0.44] 3.7%
Durai et al. 9 48.0 1.17 0.84 — -0.33 [-0.93; 0.27] 15.2%
Mandal et al. 2 23.0 1.00 0.85 - -0.15 [-0.44; 0.14] 57.6%
Moreker et al. 1 6.0 1.30 1.30 -0.00 [-1.76; 1.76] 1.9%
Sihota et al. 23 87.5 1.43 1.70 — 0.27 [-0.23; 0.77] 21.6%
Random effects model (HK) 37 - -0.11 [-0.44; 0.22] 100.0%

Heterogeneity: /2 = 0% [0.0%; 79.2%), t° = 0.0040, p = 0.412
Test for effect in subgroup: t, =-0.91 (p = 0.414)

Glaucoma drainage devices

Durai et al. 2 48.0 1.09 0.84 —_—T -0.25 [-1.18; 0.68] 4.6%
Arroyave et al. 8 19.0 1.44 1.27 —_—— -0.12 [-1.04; 0.80] 4.7%
Bolek et al. 7 36.0 1.64 1.53 — -0.11  [-0.41; 0.19]  43.7%
Almousa et al. 8 37.4 1.50 1.50 —— -0.00 [-0.43; 0.43] 21.1%
Billson et al. 2 34.0 1.40 1.40 —_— -0.00 [-1.12; 1.12] 3.2%
Cunliffe et al. 3 99.6 1.63 1.63 — -0.00 [-0.46; 0.46] 18.4%
Harvey et al. 1 6.0 1.00 1.00 —_—t -0.00 [-1.32; 1.32] 2.3%
Yalvac et al. 1 14.0 0.70 0.70 e S — -0.00 [-1.35; 1.35] 2.2%
Random effects model (HK) 32 ¢ -0.07 [-0.13; -0.00] 100.0%
Heterogeneity: /2 = 0% [0.0%; 67.6%)], t° = 0, p = 1.000
Test for effect in subgroup: t; = -2.55 (p = 0.038)
Test for subgroup differences: 3% = 0.13, df = 1 (p = 0.721) f T T !

2 1 0 1 2

Fig.5 Change in best spectacle-corrected visual acuity (BSCVA) at final follow-up after trabeculectomy and glaucoma
drainage device (GDD) implantation in aniridic glaucoma. CI confidence interval, MD mean difference

Table 3 Incidence of complications following trabeculectomy and glaucoma drainage device (GDD) implantation

Total (N=177) Trabeculectomy (N=73) GDD (N'=104)
n (%) n (%) n (%)
Severe complications
Tube exposure/blockage 12 (6.8) 0(0.0) 12 (11.5)
Bleb failure 9(5.1) 9(12.3) 0(0.0)
Retinal detachment 5(2.8) 1(1.4) 4(3.8)
Decompression retinopathy 2(1.1) 0(0.0) 2(1.9)
Corneal decompensation 2(1.1) 0(0.0) 2(1.9)
Phthisis bulbi 2(1.1) 1(1.4) 1(1.0)
Endophthalmitis 1(0.6) 0(0.0) 1(1.0)
Limbal stem cell deficiency 1(0.6) 0(0.0) 1(1.0)
Ciliary staphyloma 1(0.6) 1(1.4) 0(0.0)
Mild complications
Cataract 7 (4.0) 5(6.8) 2(1.9)
Vitreous hemorrhage 2(1.1) 0(0.0) 2(1.9)
Tube touched the cornea 1(0.6) 0(0.0) 1(1.0)
Hyphema 1(0.6) 0(0.0) 1(1.0)
Shallow anterior chamber 1(0.6) 0(0.0) 1(1.0)
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N Mean follow-up
Study Late serious complications (eyes) (months) Late serious complications Proportion 95% CI
Trabeculectomy
Barthakur et al. 0 2 48.0 = 0.000 [0.000; 0.842]
Magan et al. 0 2 NR = 0.000 [0.000; 0.842]
Mandal et al. 0 2 23.0 " 0.000 [0.000; 0.842]
Moreker et al. 0 1 6.0 L 0.000 [0.000; 0.975]
Susanna et al. 0 1 11.0 = 0.000 [0.000; 0.975]
Sihota et al. 1 23 24.0 - 0.043 [0.001; 0.219]
Jacobson et al. 2 21 260.4 —— 0.095 [0.012; 0.304]
Ugalahi et al. 3 4 NR i 0.750 [0.194; 0.994]
Random effects model < 0.082 [0.009; 0.459]
Heterogeneity: 1>=15.3% [0.0%; 58.2%], p = 0.3102
Glaucoma drainage devices
Cunliffe et al. 0 3 99.6 S e — 0.000 [0.000; 0.708]
Akagi et al. 0 2 24.0 " 0.000 [0.000; 0.842]
Magan et al. 0 2 NR = 0.000 [0.000; 0.842]
Ugalahi et al. 0 2 NR = 0.000 [0.000; 0.842]
Harvey et al. 0 1 6.0 = 0.000 [0.000; 0.975]
Arroyave et al. 1 8 19.0 —— 0.125 [0.003; 0.527]
Bolek et al. 1 7 36.0 — 0.143 [0.004; 0.579]
Jacobson et al. 6 35 170.4 —— 0.171 [0.066; 0.336]
Almousa et al. 2 8 374 - B 0.250 [0.032; 0.651]
Billson et al. 1 2 34.0 = 0.500 [0.013; 0.987]
Pereira et al. 2 4 NR L 0.500 [0.068; 0.932]
Demirok et al. 4 6 19.2 = 0.667 [0.223; 0.957]
Trigler et al. 1 1 6.0 | 1.000 [0.025; 1.000]
Yalvac et al. 1 1 14.0 Bl 1.000 [0.025; 1.000]
Random effects model - 0.240 [0.137; 0.386]
Heterogeneity: 1>=0% [0.0%; 55.0%], p = 0.8268
Test for subgroup difference: p = 0.252 f T ‘ T T ‘
0 02 04 06 08 1

Fig. 6 Scrious postoperative complications following trabeculectomy and glaucoma drainage device (GDD) implantation in

aniridic glaucoma. confidence interval, not reporte
dic gl CI confid terval, NR not reported

Risk of Bias

The risk of bias varied moderately across the
included studies, as assessed using the JBI Criti-
cal Appraisal Tool and the ROBINS-I instrument
(see Tables S2-S4 in the electronic supplemen-
tary material for more details).

DISCUSSION

In this meta-analysis, we compared the success
rates, visual acuity, and IOP change, as well as
the influence of prior glaucoma surgery on suc-
cess rates following glaucoma surgery in indi-
viduals with aniridia-associated glaucoma.
Although several surgical techniques are avail-
able, there is currently no consensus on the
most appropriate method. Existing literature
reports variable outcomes for cyclodestructive

procedures [48], goniotomy [49], trabeculotomy
[22], MIGS [45], and deep sclerectomy [44] in the
context of aniridic glaucoma. Among these, tra-
beculectomy and GDDs are the most frequently
performed procedures [31]. However, the choice
between these two approaches remains contro-
versial. Trabeculectomy is generally considered
the preferred initial surgical approach, whereas
GDDs are typically reserved for patients with
higher risk profiles or those who have failed
prior interventions [51].

In previous meta-analyses, HaiBo et al. [52]
and Luo et al. [10] reported no significant dif-
ferences in complete and qualified success rates
between trabeculectomy and Ahmed valve
implantation in low-risk eyes, based on analy-
ses of eyes without congenital aniridia. While
Luo et al. [10] found comparable complete suc-
cess rates between trabeculectomy and Baerveldt
shunt implantation, the qualified success rate
was significantly higher with Baerveldt shunts.
This may be attributed to the potential of the
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Baerveldt shunt, in combination with postopera-
tive antiglaucoma medications, to achieve more
effective and sustained IOP reduction [53].

Furthermore, the fibrotic nature of the ocu-
lar tissues in aniridia—resulting from abnormal
wound healing—is believed to contribute to a
higher risk of surgical failure in aniridic glau-
coma compared to primary glaucomas, both
after trabeculectomy and GDD implantation
[30]. While adjuvant antifibrotic agents such as
mitomycin C (MMC) and 5-fluorouracil (5FU)
are commonly used to enhance surgical suc-
cess in trabeculectomy, their effectiveness in
the aniridic population remains controversial
[54]. Additionally, limbal pannus and aniridia-
associated keratopathy may further contribute
to reduced intra- and postoperative surgical suc-
cess in this patient group [55].

In our analysis, we found no significant effects
of the proportion of prior glaucoma surgery,
prior intraocular surgery, or use of MMC/SFU
during trabeculectomy on complete and quali-
fied success rates. These factors therefore appear
to have no significant impact on surgical suc-
cess in aniridia-associated glaucoma. However,
long-term surgical outcomes may still be influ-
enced by subsequent procedures, such as cata-
ract surgery, keratoplasty, or keratoprosthesis
implantation [39]. The only available compara-
tive study assessing outcomes of trabeculectomy
versus GDD, specifically in aniridic glaucoma,
conducted by Durai et al. [31], reported higher
complete and qualified success rates following
GDD implantation. The definitions of complete
and qualified success did not differ significantly
among the included studies, including the
study by Durai (see Table S5 in the electronic
supplementary material for more details). Nota-
bly, the study by Durai et al. contributed the
largest number of eyes to the analysis. In this
study, the difference in effectiveness between
trabeculectomy and GDD was substantial, favor-
ing GDD. Therefore, we performed sensitivity
analyses by repeating the meta-analyses for
complete and qualified success after excluding
this study. These sensitivity analyses yielded
similar results for both complete and qualified
success (see Fig. S3A, B in the electronic supple-
mentary material for more details). Nonethe-
less, this study—as well as other included case

series—must be interpreted with caution due to
small sample sizes and limited generalizability.
In addition, comparisons of success rates
across studies may be misleading because of
inconsistencies in success criteria. To address
this limitation, we focused on evaluating IOP
reduction and changes in glaucoma medication
use, which are more objective and quantifiable
outcome measures. Our analysis revealed no
significant difference between trabeculectomy
and GDDs in terms of IOP reduction or reduc-
tion in glaucoma medications, suggesting that
both surgical approaches offer comparable effi-
cacy in managing aniridic glaucoma. To account
for variations in follow-up duration among the
included studies, IOP data were analyzed on the
basis of the final reported follow-up visit.
These findings are consistent with results
from previous meta-analyses by Abu Serhan
et al. [56], Luo et al. [10], and HaiBo et al. [52],
all of which reported no significant differences
in IOP or medication reduction between trab-
eculectomy and GDDs. Similarly, large-scale
studies conducted in low-risk glaucoma popula-
tions, such as the Tube Versus Trabeculectomy
(TVT) study at 5 years of follow-up [57] and the
Helwe et al. study [58], also did not demonstrate
significant differences in IOP reduction between
these two surgical modalities. In contrast, Durai
et al. [31] reported a greater reduction in IOP
following GDD implantation compared to trab-
eculectomy in patients with aniridic glaucoma,
although the change in glaucoma medication
use remained similar between the two groups.
Visual prognosis in aniridia is generally poor
because of the high burden of associated ocu-
lar comorbidities [59]. The prevalence of bilat-
eral blindness has been reported to be as high
as 69.8% at 5 years and 97.6% at 10 years [39].
In the TVT study, although a decline in visual
acuity was noted after 1 year [60], there was no
significant difference in visual acuity change
between trabeculectomy and GDD after 5 years
of follow-up [57]. Similarly, Tokumo et al. [61]
found no difference in visual acuity outcomes
between the two procedures in patients with
neovascular glaucoma. Our study also did not
demonstrate a significant difference in BSCVA
at final follow-up between trabeculectomy and
GDD implantation. Subtle changes in visual
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acuity may occur after both trabeculectomy
and GDD implantation, as both procedures can
contribute to corneal astigmatism. Addition-
ally, trabeculectomy may induce hyperopic
shift due to a shortening of the axial length
by approximately 0.1-0.9 mm postoperatively
[62]. Furthermore, glaucoma surgery is known to
increase the incidence and progression of cata-
ract formation [63].

In terms of safety, similar rates of serious
complications were observed following both
procedures. The most common complications
included tube exposure or blockage in the GDD
group, and bleb failure in the trabeculectomy
group. However, most reported complications
were transient and well manageable, highlight-
ing the overall acceptable safety profiles of both
surgical options.

Strengths and Limitations

Strengths: (1) This is the first meta-analysis to
directly compare the surgical outcomes of tra-
beculectomy and GDDs, specifically in patients
with aniridia-associated glaucoma. (2) The use
of IPD for data synthesis improves the accuracy,
granularity, and reliability of the findings com-
pared to traditional aggregate-level analyses.

Limitations: (1) A primary limitation is the
relatively small number of patients included
in the analysis, which may limit the gener-
alizability of the findings. (2) The absence of
prospective, interventional studies among the
included literature reduces the overall strength
of evidence. (3) The lack of standardized guide-
lines for the surgical management of glaucoma
in patients with aniridia introduces potential
selection and reporting bias. (4) Heterogeneity
in study design, patient selection criteria, base-
line characteristics, implant types, definitions
of success rates (see Table S5 in the electronic
supplementary material for more details), and
inconsistently reported outcome measures may
have influenced the pooled results. (5) Patient-
level analysis was not feasible, since in several
cases both eyes were included in the dataset.
(6) Possible aggregation bias in meta-regression
analysis of effects of glaucoma surgery history or
previous intraocular procedures.

Implication for Practice, Research, and
Policymakers

This meta-analysis underscores the need for
individualized, patient-centered approaches to
the surgical management of aniridic glaucoma,
taking into account patient-specific risk factors
and ocular comorbidities. Clinicians should
carefully weigh the risks and benefits of each
surgical technique and place particular emphasis
on effective postoperative monitoring and care.

Future research should prioritize large-scale,
prospective studies to directly compare the long-
term outcomes of different surgical strategies in
this rare patient population. The development
of standardized treatment protocols, along with
a deeper understanding of the underlying patho-
physiology of aniridia-associated glaucoma,
could lead to improved therapeutic strategies
and preventive measures.

Furthermore, policymakers and funding bod-
ies can play a critical role by supporting research
on rare diseases, facilitating multicenter collabo-
rations, and developing uniform clinical guide-
lines, all of which are essential to improving out-
comes and quality of care for individuals living
with aniridia [64, 65].

CONCLUSION

With respect to complete success rates, trab-
eculectomy does not appear to offer a signifi-
cant advantage over GDDs in the management
of aniridic glaucoma. In contrast, the qualified
success rate is higher following GDD implanta-
tion compared to trabeculectomy. Both proce-
dures demonstrate comparable efficacy in terms
of IOP reduction, decrease in glaucoma medica-
tion burden, and visual preservation.

Author Contribution. Gabor To6th planned
and designed the survey and wrote the manu-
script. Shanhe Liu and Shuailin Li designed and
conducted the survey. Péter Hegyi planned the
survey and reviewed the manuscript. Szilard
Vancsa, Matyas Paczkd, Tamas Koéi, and Néra
Szentmary planned and designed the survey,
and edited and reviewed the manuscript. All

A\ Adis



2340

Ophthalmol Ther (2025) 14:2323-2343

authors approve the final version of the manu-
script and agree to be accountable for all aspects
of the work.

Funding. The Rapid Service Fee for publi-
cation was funded by the Dr. Rolf M. Schwiete
Foundation. The funding organization had no
role in the conduct of this article.

Data Availability. All data generated or
analyzed during this study are included in this
published article/as supplementary information
files.

Declarations

Conflict of Interest. The work of Géabor
Té6th, Shanhe Liu, Shuailin Li and Néra Szent-
mary at the Dr. Rolf M. Schwiete Center has been
supported by the Dr. Rolf M. Schwiete Founda-
tion. The work of Shanhe Liu and Shuailin Li
has been supported by the China Scholarship
Council. Szildrd Vancsa, Matyas Paczko, Tamas
Kéi and Péter Hegyi have no competing inter-
ests. Nora Szentmary is an Editorial Board mem-
ber of Ophthalmology and Therapy. She was not
involved in the selection of peer reviewers for
this manuscript or in any subsequent editorial
decisions. Szilard Vancsa, Matyas Paczko, Tamas
Kéi, and Péter Hegyi have nothing to disclose.

Ethical Approval. No ethical approval was
required for this systematic review with meta-
analysis, as all data were already published
in peer-reviewed journals. No patients were
involved in the design, conduct or interpreta-
tion of our study. The datasets used in this study
can be found in the full-text articles included in
the systematic review and meta-analysis.

Open Access. This article is licensed under a
Creative Commons Attribution-NonCommercial
4.0 International License, which permits any
non-commercial use, sharing, adaptation, distri-
bution and reproduction in any medium or for-
mat, as long as you give appropriate credit to the
original author(s) and the source, provide a link
to the Creative Commons licence, and indicate
if changes were made. The images or other third

party material in this article are included in the
article’s Creative Commons licence, unless indi-
cated otherwise in a credit line to the material.
If material is not included in the article’s Crea-
tive Commons licence and your intended use is
not permitted by statutory regulation or exceeds
the permitted use, you will need to obtain per-
mission directly from the copyright holder. To
view a copy of this licence, visit http://creativeco
mmons.org/licenses/by-nc/4.0/.

REFERENCES

1. Edén U, Iggman D, Riise R, Tornqvist K. Epide-
miology of aniridia in Sweden and Norway. Acta
Ophthalmol. 2008;86(7):727-9.

2. Landsend ECS, Lagali N, Utheim TP. Congenital
aniridia—a comprehensive review of clinical fea-
tures and therapeutic approaches. Surv Ophthal-
mol. 2021;66(6):1031-50.

3. Hingorani M, Hanson I, van Heyningen V.
Aniridia. Eur ] Hum Genet. 2012;20(10):1011-7.

4. Tzoulaki I, White IMS, Hanson IM. PAX mutations:
genotype-phenotype correlations. BMC Genet.
2005;6:27.

5. Nelson LB, Spaeth GL, Nowinski TS, Margo CE,
Jackson L. Aniridia. A review. Surv Ophthalmol.
1984;28(6):621-42.

6. Senthil S, Uche NJ, Mohamed A, et al. Outcomes
of primary combined trabeculotomy and trab-
eculectomy in early-onset glaucoma in children
with congenital aniridia. Ophthalmol Glaucoma.
2021;4(3):305-11.

7. Grainger RM, Lauderdale JD, Collins JL, et al.
Report on the 2021 aniridia North America sym-
posium on PAX6, aniridia, and beyond. Ocul Surf.
2023;29:423-31.

8. Lee H, Khan R, O’Keefe M. Aniridia: current
pathology and management. Acta Ophthalmol.
2008;86(7):708-15.

9. Bastelica P, Daruich A, Paganelli B, et al. Glaucoma
in PAX6-related congenital aniridia: a review of the
literature. ] Fr Ophthalmol. 2025;48(1):104300.

10. Luo N, Liu M, Hao M, Xu R, Wang F, Zhang W.
Comparison of tube shunt implantation and trab-
eculectomy for glaucoma: a systematic review and
meta-analysis. BMJ Open. 2023;13(4):e065921.

A\ Adis


http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/

Ophthalmol Ther (2025) 14:2323-2343

2341

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Patel S, Pasquale LR. Glaucoma drainage devices:
a review of the past, present and future. Semin
Ophthalmol. 2010;25(5-6):265-70.

Page M], McKenzie JE, Bossuyt PM, et al. The
PRISMA 2020 statement: an updated guideline for
reporting systematic reviews. BM]J. 2021;29(372):
n71.

Higgins JPT, Thomas J, Chandler J, et al. Cochrane
handbook for systematic reviews of interventions
version 6.3. (updated February 2022). Cochrane.
2022. www.training.cochrane.org/handbook.

Ac Sterne J, Hernan MA, Reeves BC, et al. ROB-
INS-I: a tool for assessing risk of bias in non-
randomised studies of interventions. BM].
2016;12(355): i4919.

Critical-appraisal-tools—critical appraisal tools.
JBI. http://jbi.global/critical-appraisal-tools.
Accessed 16 Feb 2025.

Harrer M, Cuijpers P, Furukawa T, Ebert D. Doing
meta-analysis with R. A hands-on guide. 1st ed.
New York: Chapman and Hall/CRC; 2021.

Stijnen T, Hamza TH, Ozdemir P. Random effects
meta-analysis of event outcome in the frame-
work of the generalized linear mixed model
with applications in sparse data. Stat Med.
2010;29(29):3046-67.

Schmid CH, Stijnen T, White I. Handbook of meta-
analysis. 1st ed. New York: Chapman and Hall/
CRC; 2020.

Guyot P, Ades AE, Ouwens MJNM, Welton NJ.
Enhanced secondary analysis of survival data:
reconstructing the data from published Kaplan-
Meier survival curves. BMC Med Res Methodol.
2012;12:9.

Hunter JP, Saratzis A, Sutton AJ, et al. In meta-anal-
yses of proportion studies, funnel plots were found
to be an inaccurate method of assessing publica-
tion bias. J Clin Epidemiol. 2014;67(8):897-903.

Peters JL, Sutton AJ, Jones DR, Abrams KR,
Rushton L. Comparison of two methods to
detect publication bias in meta-analysis. JAMA.
2006;295(6):676-80.

Adachi M, Dickens CJ, Hetherington ] Jr, et al.
Clinical experience of trabeculotomy for the sur-
gical treatment of aniridic glaucoma. Ophthalmol-
ogy. 1997;104(12):2121-5.

Akagi T, Yoshikawa M, Nakanishi H, Yoshimura
N. A case of WAGR syndrome in association with
developmental glaucoma requiring bilateral

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Baerveldt glaucoma implants and subsequent tube
repositioning. Clin Ophthalmol. 2015;9:1081-4.

Almousa R, Lake DB. Intraocular pressure control
with Ahmed glaucoma drainage device in patients
with cicatricial ocular surface disease-associated
or aniridia-related glaucoma. Int Ophthalmol.
2014;34(4):753-60.

Arroyave CP, Scott IU, Gedde SJ, Parrish RK 2nd,
Feuer WJ. Use of glaucoma drainage devices in the
management of glaucoma associated with aniridia.
Am J Ophthalmol. 2003;135(2):155-9.

Barthakur R, Shrestha SP, Bhat KS, Natarajan M.
Management of glaucoma in a case of familial
aniridia by trabeculectomy. Nepal ] Ophthalmol.
2009;1(1):75-6.

Billson F, Thomas R, Aylward. The use of two-stage
Molteno implants in developmental glaucoma. J
Pediatr Ophthalmol Strabismus. 1989;26(1):3-8.

Bolek B, Wylegala E, Tarnawska D. Long-term
clinical outcomes of Ahmed valve implan-
tation in aniridic glaucoma. Biomedicines.
2023;11(11):2996.

Cunliffe TA, Molteno AC. Long-term follow-
up of Molteno drains used in the treatment of
glaucoma presenting in childhood. Eye (Lond).
1998;12:379-85.

Demirok GS, Eksioglu U, Yakin M, Kaderli A, Kad-
erli ST, Ornek F. Short- and long-term results of
glaucoma valve implantation for aniridia-related
glaucoma: a case series and literature review. Turk
J Ophthalmol. 2019;49(4):183-7.

Durai I, Pallamparthy S, Varghese Puthuran G,
et al. Outcomes of glaucoma drainage device
implantation and trabeculectomy with mitomycin
C in glaucoma secondary to aniridia. Am J Oph-
thalmol. 2021;227:173-81.

Harvey JD, Gross RL, McMillan BD. Novel use of
fibrin sealant for scleral suture free placement of
a glaucoma drainage device in advanced scleral
thinning. Am J] Ophthalmol Case Rep. 2017;9:7-9.

Jacobson A, Mian SI, Bohnsack BL. Clinical out-
comes and visual prognostic factors in congenital
aniridia. BMC Ophthalmol. 2022;22(1):235.

Magan T, Tanner A, Fajardoo-Sanchez ], et al.
Long-term outcomes in primary congenital glau-
coma, aniridia and anterior segment dysgenesis.
Eur ] Ophthalmol. 2022;32(5):2920-7.

Mandal AK, Walton DS, John T, Jayagandan A.
Mitomycin C-augmented trabeculectomy in

A\ Adis


http://www.training.cochrane.org/handbook
http://jbi.global/critical-appraisal-tools

2342

Ophthalmol Ther (2025) 14:2323-2343

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

refractory congenital glaucoma. Ophthalmology.
1997;104(6):996-1001.

Moreker M, Parikh R, Parikh SR, Thomas R.
Aniridia associated with congenital aphakia
and secondary glaucoma. Indian J] Ophthalmol.
2009;57(4):313-4.

Omi CA, De Almeida GV, Cohen R, Mandia C Jr,
Kwitko S. Modified schocket implant for refractory
glaucoma. Experience of 55 cases. Ophthalmology.
1991;98(2):211-4.

Pereira MLM, Araujo SV, Wilson RP, Azuara-Blanco
A, Moster MR, Schmidt CM. Aqueous shunts for
intractable glaucoma in infants. Ophthalmic Surg
Lasers. 2002;33(1):19-29.

Sihota R, Selvan H, Azmira K, et al. Improving
long-term intraocular pressure and visual out-
comes in eyes with aniridic glaucoma. Graefes
Arch Clin Exp Ophthalmol. 2021;259(12):3749-55.

Susanna R, Oltrogge EW, Carani JC, Nicolela MT.
Mitomycin as adjunct chemotherapy with trab-
eculectomy in congenital and developmental glau-
comas. J Glaucoma. 1995;4(3):151-7.

Trigler L, Proia AD, Freedman SF. Fibrovascu-
lar ingrowth as a cause of Ahmed glaucoma
valve failure in children. Am J Ophthalmol.
2006;141(2):388-9.

Ugalahi MO, Ibukun FA, Olusanya BA, Baiyeroju
AM. Congenital aniridia: clinical profile of chil-
dren seen at the University College Hospital,
Ibadan, South-West Nigeria. Ther Adv Ophthal-
mol. 2021;13:25158414211019510.

Yalvac IS, Kocaoglan H, Eksioglu U, et al. Decom-
pression retinopathy after Ahmed glaucoma
valve implantation in a patient with congenital
aniridia and pseudophakia. ] Cataract Refract Surg.
2004;30(7):1582-5.

AlDarrab A, Malik R. Bilateral deep sclerectomy
with microperforations as a successful secondary
procedure in aniridia-associated glaucoma. Middle
East Afr ] Ophthalmol. 2018;25(1):52-5.

Lindland A, Michelet JTE, Slagsvold E. Use of
the XEN gel implant in a patient with aniridia-
associated glaucoma. Am ] Ophthalmol Case Rep.
2021;22:101080.

Rawlyk B, Thatcher MD, Rubab S, Campos-Baniak
MG. Transconjunctival XEN4S5 implantation for
secondary open-angle glaucoma management in
a pediatric patient with WAGR syndrome. Am |
Ophthalmol Case Rep. 2023;32:101888.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

Sbordone S, Romano V, Savastano A, Piccirollo V,
et al. Aniridia associated with lens coloboma and
secondary glaucoma treated with transcorneal
argon laser ciliary body photocoagulation: a case
report. Case Rep Ophthalmol. 2013;4:44-7.

Wagle NS, Freedman SF, Buckley EG, Davis ]S,
Biglan AW. Long-term outcome of cyclocryother-
apy for refractory pediatric glaucoma. Ophthal-
mology. 1998;105(10):1921-6.

Walton DS. Aniridic glaucoma: the results of
gonio-surgery to prevent and treat this problem.
Trans Am Ophthalmol Soc. 1986;84:59-70.

Wu T, Cui C, Li Y, Hong Y, Zhang C. Outcome of
illuminated microcatheter-assisted circumferential
trabeculotomy following failed angle surgery in
PAX6 aniridic glaucoma: a case report and litera-
ture review. BMC Ophthalmol. 2024;24(1):157.

Gross RL. Glaucoma filtration surgery: trab-
eculectomy or tube shunt? Am J Ophthalmol.
2012;153(5):787-8.

HaiBo T, Xin K, ShiHeng L, Lin L. Comparison of
Ahmed glaucoma valve implantation and trab-
eculectomy for glaucoma: a systematic review and
meta-analysis. PLoS ONE. 2015;10(2):e0118142.

Chow A, Burkemper B, Varma R, et al. Comparison
of surgical outcomes of trabeculectomy, Ahmed
shunt, and Baerveldt shunt in uveitic glaucoma. J
Ophthalmic Inflamm Infect. 2018;8:9.

Palanca-Capistrano AM, Hall J, Cantor LB,
et al. Long-term outcomes of intraoperative
Sfluorouracil versus intraoperative mitomycin C
in primary trabeculectomy surgery. Ophthalmol-
ogy. 2009;116:185-90.

Lee H, Meyers K, Lanigan B, O’Keefe M. Com-
plications and visual prognosis in children
with aniridia. ] Pediatr Ophthalmol Strabismus.
2010;47(4):205-10.

Serhan HA, Ba-Shammakh SA, Hassan AK, et al.
Effectiveness and safety of trabeculectomy versus
tube shunt implantation for uveitic glaucoma: a
systematic review and meta-analysis. Am J Oph-
thalmol. 2024;268:319-28.

Gedde §J, Feuer WJ, Lim KS, et al. Treatment out-
comes in the primary tube versus trabeculectomy
study after 5 years of follow-up. Ophthalmology.
2022;129(12):1344-56.

Helwe HE, Samuel S, Falah H, et al. Comparing
outcomes of tube versus trabeculectomy among
patients with angle-closure glaucoma. Ophthalmol
Glaucoma. 2024;7(5):476-84.

A\ Adis



Ophthalmol Ther (2025) 14:2323-2343

2343

59.

60.

61.

62.

Gramer E, Reiter C, Gramer G. Glaucoma and
frequency of ocular and general diseases in 30
patients with aniridia: a clinical study. Eur ] Oph-
thalmol. 2012;22(1):104-10.

Gedde §J, Schiffman JC, Feuer W], et al. Treat-
ment outcomes in the tube versus trabeculectomy
study after 1 year of follow-up. Am J Ophthalmol.
2007;143(1):9-22.

Tokumo K, Komatsu K, Yuasa Y, et al. Treatment
outcomes in the neovascular glaucoma tube ver-
sus trabeculectomy study. Graefes Arch Clin Exp
Ophthalmol. 2021;259(10):3067-76.

Nasrabadi FD, Hashemi H, Amiri MA, et al. Evalua-
tion of changes in refractive errors before and after

63.

64.

65.

trabeculectomy and shunt surgery. Clin Optom.
2020;12:107-12.

Hylton C, Congdon N, Friedman D, et al. Cataract
after glaucoma filtration surgery. Am ] Ophthal-
mol. 2003;135(2):231-2.

Hegyi P, Eréss B, Izbéki F, et al. Accelerating the
translational medicine cycle: the Academia Euro-
paea pilot. Nat Med. 2021;27(8):1317-9.

Hegyi P, Petersen OH, Holgate S. Academia Euro-
paea position paper on translational medicine: the
cycle model for translating scientific results into
community benefits. ] Clin Med. 2020;9(5):1532.

A\ Adis



	Outcomes of Trabeculectomy and Glaucoma Drainage Device Surgery in Congenital Aniridia-Associated Glaucoma: A Systematic Review and Meta-Analysis
	Abstract
	Introduction: 
	Methods: 
	Results: 
	Conclusion: 

	Introduction
	Methods
	Ethical Approval
	Information Source and Search Strategy
	Eligibility Criteria
	Selection Process
	Data Collection Process and Items
	Quality Assessment of Included Studies
	Statistical Methods and Data Synthesis
	Assessment of Grade of Evidence
	Protocol Amendment

	Results
	Search and Selection
	Basic Characteristics of Included Studies
	Other Antiglaucoma Surgical Procedures
	Complete and Qualified Success Rates
	Intraocular Pressure
	Best Spectacle-Corrected Visual Acuity
	Postoperative Complications
	Risk of Bias

	Discussion
	Strengths and Limitations
	Implication for Practice, Research, and Policymakers

	Conclusion
	References




