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Purpose: The XEN45 Gel Stent is a microinvasive glaucoma surgery (MIGS) device designed to lower intraocular pressure (IOP) by
enhancing aqueous humor outflow. This systematic review and meta-analysis aimed to compare efficacy and safety of the ab externo
and ab interno approaches for XEN45 Gel Stent implantation.

Methods: A comprehensive literature search was conducted using PubMed, Web of Science, the Cochrane Library, the Registry of
Controlled Trials, and the Directory of Open Access Journals. Of 216 screened articles, six retrospective studies met inclusion criteria.
Primary outcomes included reduction in mean baseline IOP and number of IOP-lowering medications required postoperatively.
Statistical analysis was performed using Stata (StataCorp, 2025).

Results: A total of 614 eyes were analyzed. Three hundred and eighteen treated with the ab externo approach and 278 with the ab interno
approach. Mean patient age was comparable between groups, although proportion of female patients was higher in the ab externo cohort.
Both techniques achieved significant IOP reduction: pooled standardized mean difference (SMD) was —12.8 (95% CI: —19.4 to —6.2) for ab
externo group and —10.1 (95% CI: —16.3 to —3.8) for ab interno group. Reduction in IOP-lowering medications was also significant and
similar between groups [ab externo: SMD —2.2 (95% CI: —2.6 to —1.9); ab interno: SMD —2.1 (95% CI: 2.5 to —1.7)]. Needling rates were
significantly lower with ab externo approach compared to ab interno approach (12.1% vs 18.1%, p = 0.04). Although rate of secondary
glaucoma surgeries was higher in ab interno group (19.8% vs 11.6%), this difference did not reach statistical significance (p = 0.28).
Conclusion: Both ab externo and ab interno XEN45 Gel Stent implantation techniques demonstrated comparable efficacy and safety
in lowering IOP and reducing dependence on IOP-lowering medications. However, ab externo approach was associated with a lower
needling rate, suggesting a potential procedural advantage.
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Introduction

Glaucoma is defined as a group of progressive optic neuropathies that have characteristic morphological changes at the
optic nerve head, together with loss of retinal ganglion cells and their axons, leading to visual field loss." It is the second
leading cause of blindness worldwide.” To date, the main modifiable risk factor to prevent glaucomatous damage is
lowering intraocular pressure.' The first line of treatment is commonly topical antiglaucoma medications; however,
patient compliance and side effects of these medications may lead to failure of medical treatment.** For these reasons,
glaucoma filtration surgeries remain the gold standard in glaucoma management. However, they are associated with well-
known complications such as bleb-related endophthalmitis, choroidal effusion, leak, and hypotony.”
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Micro Invasive Glaucoma Surgery (MIGS) is a term used to describe a range of newer surgical procedures used to
treat mild-to-moderate glaucoma.® They enhance aqueous outflow with minimal disruption of normal anatomy as well as
high safety and rapid recovery time compared to traditional filtering surgery.®’” Recently, various MIGS procedures have
been described depending on their mechanisms of action. For instance, iStent and Hydrus work by enhancing aqueous
outflow through trabecular meshwork. XEN Gel Stent decreases intraocular pressure by draining aqueous from anterior
chamber to the subconjunctival space.®

The XEN Gel Stent can be implanted either via an ab interno approach (from within the anterior chamber) or an ab
externo approach (through the conjunctiva). However, comparative evidence regarding the safety and efficacy of these
two techniques remains limited. Therefore, the present study aims to compare the efficacy and safety of ab externo versus

ab interno XEN 45 Gel Stent implantation in the management of glaucoma.

Materials and Methods

Literature Search Strategy

A systematic review and meta-analysis, registered with PROSPERO (ID: CRD42025648982), was conducted in
accordance with the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines.’
The study screening process for this meta-analysis is illustrated in Figure 1. The following electronic databases were
comprehensively searched: PubMed Central, Cochrane Library, Registry of Controlled Trials, Web of Science, and
Directory of Open Access Journals, using the relevant keywords “Glaucoma,” “IOP,” “Intraocular Pressure,” “XEN Gel
Stent,” “ab externo,” and “ab interno,” from inception until 10 February 2025. All published articles were considered,
with no restrictions on language or publication period. Additionally, the reference lists of retrieved articles were manually
screened to identify further relevant studies.

Eligibility Criteria and Study Selection

Studies were included if they met the following criteria: (a) clinical trials or observational studies comparing the ab
externo approach with the ab interno approach for XEN Gel Stent implantation; (b) patients aged >18 years; (c) patients
diagnosed with any type of primary open-angle glaucoma (POAG) or secondary open angle glaucoma (SOAG); and (d)
studies reporting data on any of the following outcomes: mean baseline intraocular pressure (IOP) and the number of
IOP-lowering medications at various time points.

Articles were excluded if they met any of the following criteria: (1) studies with missing results or incomplete data;
(2) studies comparing either the ab externo or ab interno approach of XEN Gel Stent implantation with a different
intervention; (3) studies including patients with any type of glaucoma other than POAG or SOAG; or (4) studies
involving patients with a history of prior filtering glaucoma surgery. Duplicates were removed using Mendeley software.
References were screened in a two-step process: first, titles and abstracts were reviewed against the inclusion criteria,
followed by a full-text appraisal of relevant articles for eligibility in the meta-analysis. Each step was conducted

independently by two reviewers.

Data Extraction

Data were extracted independently by two authors. Discrepancies were resolved through discussion and consensus
among the reviewers. The extracted data included study ID (name of the first author and year of publication), study
location, study design, sample size, sex and age distribution of participants in each intervention arm, type of glaucoma,
implantation approach, procedural techniques (standard vs pneumotrabeculoplasty), treatment outcome measures, and
adverse events between treatment arms. The terms “standard” and “pneumotrabeculoplasty” techniques reflect the
nomenclature used in the original included studies, and detailed procedural descriptions were therefore derived directly
from the respective source articles.'®'> No data were estimated from figures; only explicitly reported information or data

obtained directly from the authors were included.
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Records identified from:
PubMed Central (n = 159)
Cochrane Library (n = 19) ?;c:;rnd;;emoved before
Web of Science (n = 178) > 4
Registry of Controlled Trials ([:]ufl'fgr; records removed
(n=0) N
Di Directory of Open Access
Journal (n = 44)
A4
Records screened > Records excluded
(n=216) (n =140)
A4
Reports sought for retrieval Reports not retrieved
(n=57) (n = 46)
v
Reports assessed for eligibility
(n=11) Reports excluded:
Missing outcome (n = 3)
Wrong treatment (n = 2)

A4

Studies included in review
(n=6)

Reports of included studies
(n=6)

Figure | PRISMA flowchart for articles screening process.

Data Synthesis and Quality Assessment

The primary outcomes of interest were changes in IOP from baseline and changes in the number of IOP-lowering
medications from baseline. Adverse events were considered secondary outcomes. Two independent authors assessed the
risk of bias and certainty of evidence, with conflicts resolved by a third reviewer. The risk of bias and certainty of
evidence of the included studies were evaluated using Cochrane’s Risk of Bias in Non-randomized Studies of
Interventions (ROBINS-I) tool (Supplementary Figure 1).'¢

Results
Statistical Analysis

Stata (StataCorp. 2025) was used for all statistical analyses. Continuous variables were presented as weighted means
(effect size of means) with 95% confidence intervals (Cls), while categorical variables were presented as logit-
transformed proportions (effect size of proportions) with 95% Cls. All meta-analyses were conducted using a random-
effects model.'”'® Subgroup meta-analyses of weighted means with 95% CIs and logit-transformed proportions with
95% Cls were performed to assess differences in demographics, type of glaucoma, techniques, second glaucoma surgery,
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additional interventions, and adverse events among the groups.'>*° For primary outcomes, standardized mean differences
were pooled into a single standardized mean difference, representing the overall outcome value for each group from
baseline to last follow-up (12 months). Heterogeneity among studies was evaluated using the Chi-square (y2) test and the
Higgins 12 test.?' A two-tailed p-value of <0.05 was considered statistically significant for all statistical analyses. Egger’s
test in addition to funnel plots was used to assess publication bias among the included trials, and no bias was detected
(Supplementary Figure 2).%

Study Selection
Initially, 216 articles were yielded during databases search. After duplicate removal, 184 articles left. Through title and
abstract screening, 197 articles were excluded. Eleven studies were assessed in full text. Ultimately, six retrospective

studies were included in the meta-analysis (Figure 1).'%'3

Demographic and Clinical Characteristics

We included a total of 596 patients (614 eyes) undergoing Xen gel Stent implantation, comprising 318 patients in the ab-
externo group and 278 patients in the ab-interno group (Table 1). The weighted mean age was comparable between the
ab-externo (68.2 years [95% CI: 59.3-77.1]) and ab-interno (70.2 years [95% CI: 62.2-78.3]) groups (p = 0.74). Sex
distribution differed significantly, with a higher proportion of females in the ab-externo group (29.9% [95% CI: (26.4—
33.7%]) compared to the ab-interno group (22.3% [95% CI: 17.6-27.9%]), p = 0.02; Table 1).

Table 1 Demographic and Clinical Characteristics of the Cohort (n = 596)

Variable Ab-externo Xen Implant | Ab-interno Xen Implant | p-value
(n=318) (n = 278)
Number of eyes 325 289 NA
Age 68.2 (59.3-77.1) 70.2 (62.2-78.3) 0.74
Sex
Female 29.9% (26.4-33.7%) 22.3% (17.6-27.9%) 0.02*
Male 24.0% (17.5-31.9%) 24.0% (20.7-27.7%) 0.99
Type of glaucoma
POAG 43.5% (32.8-54.8%) 42.0% (29.8-55.2%) 0.86
PXF 3.9% (1.1-12.6%) 5.9% (2.5-13.4%) 0.59
Procedure techniques
Closed/Transconjunctival 52.5% (47.6-57.3%) N NA
Open conjunctival 32.9% (9.7-69.2%) N NA
Standard N 40.6% (28.0-54.7%) NA
Pneumotrabeculoplasty N 13.9% (9.3-20.2%) NA
Second glaucoma surgery 11.6% (4.8-25.5%) 19.8% (11.8-31.4%) 0.28
Additional interventions
Needling 12.1% (8.8—16.3%) 18.1% (14.1-22.9%) 0.04*
5-fluorouracil 26.5% (11.3%—-50.4%) 25.2% (16.7-36.0%) 091
(Continued)
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Table | (Continued).

Variable Ab-externo Xen Implant | Ab-interno Xen Implant | p-value
(n=318) (n = 278)
Adverse events
Corneal edema 18.8% (11.9-28.5%) 5.6% (0.6—38.2%) 0.27
Hypotony 6.6% (1.2-29.0%) 5.7% (1.5-19.1%) 0.89
Hyphema 2.9% (0.9-9.0%) 3.8% (1.0-13.0%) 0.75
Choroidal effusion 1.6% (0.6%—4.1%) 1.8% (0.8—4.0%) 0.8l

Notes: All data are reported as weighted means (95% confidence intervals) or logit-proportions % (95% confidence
intervals), derived from meta-analyses. *Bold indicates statistical significance at p<0.05.
Abbreviations: NA, not applicable; POAG, primary open-angle glaucoma; PXF, pseudoexfoliative glaucoma. N, none.

The majority of cases in both groups had primary open-angle glaucoma (43.5% ab-externo and 42.0% ab-interno, p =
0.86). Closed or transconjunctival (52.5% [95% CI: 47.6-57.3%]) and open conjunctival (32.9% [95% CI: 9.7-69.2%])
techniques were exclusively used in the ab-externo group, while in the ab-interno group, standard (40.6% [95% CI: 28.0—
54.7%]) and pneumotrabeculoplasty (13.9% [95% CI: 9.3-20.2%]) techniques were used (Table 1).

Clinical Outcomes: Adverse Events and Intraocular Pressure (IOP)

Rates of second glaucoma surgery were 11.6% (95% CI: 4.8-25.5%) in the ab-externo group and 19.8% (95% CI: 11.8—
31.4%) in the ab-interno group (p = 0.28). There was a statistically significant difference between the two interventions in
terms of needling rates (ab-externo: 12.1% [95% CI: 8.8-16.3%] vs ab-interno: 18.1% [95% CI: 14.1-22.9%], p = 0.04;
Table 1).

The most common adverse event in both groups was corneal edema (18.8% ab-externo and 5.6% ab-interno, p =
0.27), followed by hypotony (6.6% ab-externo and 5.7% ab-interno, p = 0.89), hyphema (2.9% ab-externo and 3.8% ab-
interno, p = 0.75), and choroidal effusion (1.6% ab-externo and 1.8% ab-interno, p = 0.81; Table 1).

Our meta-analysis showed significant IOP reduction in both groups, with no statistically significant differences
between the ab-externo and ab-interno approaches (p = 0.56; Figure 2). For the ab-externo group, the overall standar-
dized mean difference (SMD) was —12.8 (95% CI: —19.4 to —6.2), while the ab-interno group’s SMD was —10.1 (95%
CI: —16.3 to —3.8).

Both groups demonstrated significant reduction in the number of IOP-lowering medications use and burden, with no
statistically significant differences between the two groups (p = 0.56; Figure 3). In the ab-externo group, the SMD was
—2.2 (95% CI: —2.6 to —1.9), while the ab-interno group’s SMD was —2.1 (95% CI: —2.5 to —1.7).

Discussion
This systematic review and meta-analysis included six retrospective studies comprising 596 patients (614 eyes) and
compared the safety profiles of ab-externo and ab-interno XEN45 gel Stent implantation.

Successful XEN implantation depends heavily on avoiding entrapment of the stent within Tenon’s capsule. Accurate
placement and meticulous technique are essential, as Tenon’s involvement can obstruct aqueous outflow, compromise
surgical efficacy, and predispose to fibrosis or surgical failure.>* With the ab interno approach, the injector must traverse
the anterior chamber, sclera, and Tenon’s capsule. Complete penetration can be technically demanding, as the fibrous
capsule tends to stretch rather than perforate cleanly, increasing the risk of the stent becoming entrapped within Tenon’s
tissue. Such entrapment can restrict aqueous flow, promote localized fibrosis, and contribute to bleb failure, thereby
necessitating postoperative needling. In contrast, in the ab-externo approach, the stent is inserted from the external
surface toward the anterior chamber. This allows compression or direct visualization of Tenon’s tissue during insertion,
facilitating its penetration and enabling placement of the stent within the supra-Tenon space, thereby reducing the risk of
entanglement. However, ab-externo implantation offers less precise control of the entry site into the anterior chamber. An
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IOP Outcome
Last Follow-up Baseline SMD Weight
Study N Mean SD N Mean SD with 95% Cl (%)
Ab-externo Xen Implant
Ucar et al., 2020 43 10.68 2.08 43 29.22 6.10 —.— -18.54 [ -20.47, -16.61] 17.11
El Helwe et al., 2024 53 11.34 4.00 53 18.47 6.24 - -713[ -9.13, -5.13] 17.06
Tan et al., 2021 30 13.81 1.12 30 26.53 9.66 —— -12.72 [ -16.20, -9.24] 15.85
Heterogeneity: T2 = 32.24, I? = 95.78%, H? = 23.72 e — -12.80 [ -19.39, -6.21]
Test of 6, = 6;: Q(2) = 65.04, p = 0.00
Testof 8 =0:z=-3.81, p=0.00
Ab-interno Xen Implant
Ucar et al., 2020 44 1128 1.67 44 2743 864 —— -16.15 [ -18.75, -13.55] 16.63
El Helwe et al., 2024 32 13.70 3.32 32 18.97 7.03 —— -5.27[ -7.96, -2.58] 16.55
Tan et al., 2021 50 14.72 0.79 50 23.52 8.53 -~ -8.80 [ -11.17, -6.43] 16.80
Heterogeneity: T2 = 28.91, I = 94.46%, H? = 18.04 ——E— -10.08 [ -16.34, -3.81]
Test of 8, = 6;: Q(2) = 34.30, p=0.00
Testof 8 =0:z=-3.15, p=0.00
Overall e -11.44 [ -15.69, -7.19]
Heterogeneity: T2 = 26.47, I> = 94.62%, H? = 18.59
Test of 6, = 6;: Q(5) = 107.78, p = 0.00
Testof 8 =0:z=-5.28, p=0.00
Test of group differences: Q,(1) = 0.35, p= 0.56
20 45 -0 -5 0
Random-effects REML model

Figure 2 Forest plots of standardized mean difference (SMD) for intraocular pressure (IOP) outcome.
Abbreviations: SD, standard deviation; Cl, confidence interval.

excessively steep scleral trajectory may result in posterior entry through the iris root or ciliary body, increasing the risk of
intraoperative bleeding, hyphema, or iris occlusion of the implant. Conversely, the ab interno technique allows more
controlled placement under direct gonioscopic visualization.'*

Pooled analysis demonstrated comparable outcomes between the two approaches with respect to intraocular pressure
(IOP) reduction and reduction in medication burden. Ruda et al reported no difference in mean postoperative IOP or in
the number of medications between the two groups.'® Yuan et al similarly found no statistically significant differences at
any postoperative time point."> Tan et al observed significant reductions in both IOP and medication use with each
technique, though intergroup differences were not significant.'> Helwe et al reported consistent findings."'

One statistically significant difference was identified in needling rates, which were lower in the ab externo group
compared to the ab interno group. Do et al reported postoperative needling in only 11.8% of open-conjunctiva cases
versus 36.1% of closed cases (p=0.001).%* Tan et al similarly observed higher needling in ab interno eyes (42.0% vs
26.7%).'* This suggests that bleb failure and fibrosis were less frequent after ab externo implantation. The more posterior
and supra-Tenon stent placement achieved with ab externo insertion may create a healthier bleb environment with better
exposure to antimetabolites and a reduced tendency for scarring. The need for secondary glaucoma surgery was also
similar across techniques, with a slight but non-significant trend toward higher rates following ab interno implantation.
These findings are consistent with previous evidence. Gallardo et al reported no significant differences in outcomes
between ab interno and ab externo placement.'® Tan et al observed a higher rate of secondary procedures with ab interno,
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IOP-lowering Medication Outcome

Last Follow-up Baseline SMD Weight
Study N Mean SD N Mean SD with 95% CI (%)
Ab-externo Xen Implant
Ucar et al., 2020 43 029 045 43 268 0.99 —— -2.39 [-2.72, -2.06] 20.53
El Helwe et al., 2024 53 129 134 53 372 132 —W— -2.43[-2.94, -1.92] 13.24
Gallardo et al., 2022 91 140 1.60 91 3.30 0.90 —il— -1.90 [-2.28, -1.52] 18.11
Heterogeneity: 12 = 0.05, I? = 55.00%, H? = 2.22 ~i— -2.23[-2.57, -1.89]

Test of 8, = 6,: Q(2) = 4.47, p=0.11
Testof 8 =0:z=-12.83, p=0.00

Ab-interno Xen Implant

Ucar et al., 2020 44 031 032 44 271 1.06 —— -2.40 [ -2.73, -2.07] 20.43
El Helwe et al., 2024 32 200 181 32 3.72 1.35 i -1.72[-2.50, -0.94] 7.20
Gallardo et al., 2022 94 140 1.40 94 3.30 0.80 —— -1.90 [ -2.28, -1.57] 20.49
Heterogeneity: 12 = 0.08, I? = 63.16%, H? = 2.71 = -2.07 [ -2.48, -1.67]

Test of 8, = 6;: Q(2) =5.57, p=0.06
Testof 8 =0:z=-10.02, p = 0.00

Overall - -2.16 [ -2.40, -1.92]
Heterogeneity: 12 = 0.04, I? = 52.28%, H?> = 2.10

Test of 8, = 6;: Q(5) = 10.55, p = 0.06

Testof 8 =0:z=-17.86, p=0.00

Test of group differences: Q,(1) = 0.34, p = 0.56

Random-effects REML model

Figure 3 Forest plots of standardized mean difference (SMD) for number of medications lowering intraocular pressure (IOP) outcome.
Abbreviations: SD, standard deviation; Cl, confidence interval.

though this did not reach statistical significance, likely owing to the smaller sample size.'? A plausible explanation for
this trend is Tenon’s capsule entanglement, which may be more common with the ab interno technique. Although
differences in secondary glaucoma surgery and postoperative corneal edema did not reach statistical significance, the
magnitude of these differences may still be clinically relevant and should be considered when selecting the surgical
approach, particularly in patients at higher risk for postoperative complications.

To our knowledge, this is the first systematic review and meta-analysis to directly compare the safety of ab externo
and ab interno XEN45 implantation. Our analysis examined several clinically relevant outcomes. Our findings suggest
that both ab externo and ab interno approaches are effective and safe options for XEN45 implantation. The ab externo
approach may offer a modest advantage in reducing postoperative needling, likely due to better Tenon’s capsule
management and bleb morphology. Meanwhile, the ab interno technique offers the advantage of direct gonioscopic
visualization and avoids conjunctival dissection, which may be beneficial for eyes with limited conjunctival reserve or
prior surgery. The decision between approaches should thus be guided by surgeon experience, ocular anatomy, and
specific patient needs rather than a clear superiority in pressure-lowering efficacy. The relatively large aggregated sample
size strengthens the generalizability of our findings and provides a clearer perspective on the relative safety of both
techniques.
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Several limitations should be acknowledged. First, all included studies were retrospective, limiting the ability to

establish causality. Second, variability and deficiencies in follow-up duration restricted comparability of IOP outcomes at

specific time points. Third, evidence regarding the relative cost-effectiveness of the two techniques remains limited.

Finally, future well-designed, prospective, and controlled comparative trials are needed to validate and extend these

findings.

Conclusion
To conclude, the reduction in intraocular pressure (IOP) and the reduction in the need for IOP-lowering medications was

statistically significant in the two approaches of XEN 45 Gel stent implantation. Although second glaucoma surgery rates

were higher in the ab-interno group, both groups demonstrated similar efficacy and safety in managing glaucoma

patients. However, all included studies were retrospective studies, and this warrants more randomized controlled trials

to assess the long-term safety and efficacy of Ab externo approach and Ab interno approach.
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