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Purpose: To compare outcomes of eyes with and without tenonectomy during ab externo open conjunctival (AEO) implantation of 
a gelatin stent (XEN45 Gel Stent [XGS]) with mitomycin C.
Methods: We conducted a retrospective comparative cohort study of adults aged ≥40 with open-angle glaucoma and preoperative 
intraocular pressure (IOP) >17mmHg who underwent XGS AEO with or without tenonectomy at a single academic center (April 2021- 
September 2023). We matched eyes undergoing tenonectomy 1:3 to controls using nearest-neighbor algorithm. The primary outcome 
was success at 1 year (6 ≤ IOP ≤ 21mmHg, with ≥ 20% reduction from baseline, with or without IOP-lowering medication). Secondary 
outcomes included IOP, medication burden, visual acuity, and postoperative complications and interventions.
Results: We included 40 eyes (38 patients): 10 with tenonectomy and 30 without. At 1 year, 70%, 60%, and 40% of tenonectomy eyes 
and 55%, 52%, and 36% of non-tenonectomy eyes achieved success at IOP thresholds of 21, 18, and 15 mmHg, respectively (all 
p>0.05). There were no significant differences between groups in IOP, medication burden, or visual acuity. At 1 year, mean IOP was 
14.83 ± 2.08 on 1.13 ± 0.38 IOP-lowering medications in the tenonectomy group and 16.88 ± 1.53 on 1.36 ± 0.31 medications in the 
non-tenonectomy group. Tenonectomy eyes tended toward more early complications (30% vs 23%, p=0.69), but fewer postoperative 
interventions (30% vs 57%, p=0.28) and reoperations (20% vs 30%, p=0.70).
Conclusion: Both techniques provided effective IOP control and reduced medication burden. In this short-term preliminary study, 
tenonectomy may be more effective than the traditional technique. Given the small sample size and retrospective design, findings 
should be interpreted cautiously. More data are needed to guide optimal surgical technique.
Keywords: open-angle glaucoma, glaucoma surgery, XEN gel stent, tenonectomy, surgical outcomes

Introduction
Postoperative fibrosis and scarring can compromise the success of filtration procedures in the treatment of glaucoma. Tenon’s 
capsule has been identified as a key source of fibroblasts and a main site of failure for glaucoma surgery. Fibrotic encapsulation 
of the filtering bleb after glaucoma surgery, known as Tenon’s cyst, can impair bleb function and limit long-term intraocular 
pressure (IOP) control.1 Tenonectomy, the surgical removal of Tenon’s capsule, has been proposed as a strategy to reduce 
fibroblast proliferation and mitigate postoperative scarring and surgical failure.2,3 This approach may particularly benefit 
patients who are at high risk for fibrosis, such as younger individuals, those with thicker Tenon’s capsule, and those with prior 
conjunctival or glaucoma surgeries in whom Tenon’s scarring may have contributed to surgical failure.1,3,4

Evidence from prior studies suggests a potential role for tenonectomy in improving surgical outcomes. In a study by 
Abu et al of Indian patients undergoing trabeculectomy, the addition of tenonectomy resulted in significantly greater IOP 
reduction compared to trabeculectomy alone5 Pediatric eyes, which exhibit rapid and robust healing, are prone to fibrosis 
and often involve a thicker Tenon’s capsule.4,6,7 A randomized controlled trial of pediatric trabeculectomy found that 
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eyes undergoing tenonectomy had consistently lower postoperative IOP and required fewer medications.6 These findings 
support the exploration of tenonectomy in filtration-based procedures beyond trabeculectomy.

The role of tenonectomy is poorly understood in modern microinvasive glaucoma surgery (MIGS) or MIGS-plus, like 
the XEN45 Gel Stent (Allergan PLC, Irvine, CA, USA). The XEN45 Gel Stent (XGS) lowers IOP by creating 
a subconjunctival filtration bleb, and its long-term function depends on bleb morphology and resistance to scarring.8–10 

Notably, the ab externo approach to implantation, which involves direct conjunctival and Tenon’s dissection, is associated 
with more diffuse, posteriorly directed blebs which tend to be less prone to postoperative fibrosis and scarring than ab 
interno implantation, which results in flatter, thinner, and more avascular blebs.11,12 Tenon’s capsule can contribute to 
fibrotic bleb encapsulation and to distal occlusion of the stent. Thus, removing Tenon’s tissue during ab externo placement 
could, in theory, improve bleb architecture and long-term patency. In contrast, by increasing tissue manipulation, 
tenonectomy may predispose patients to higher rates of early bleeding-related complications. Surgeons therefore face 
a clinical dilemma of balancing potentially higher early complication risks of tenonectomy against theoretical long-term 
benefits in fibrosis-prone patients. Existing studies have shown conflicting results regarding the utility of tenonectomy, with 
some demonstrating improved outcomes,5,13 and others showing no significant benefit.14,15 In this study, we aim to evaluate 
the effectiveness and safety of tenonectomy performed during ab externo open conjunctiva (AEO) XGS implantation using 
a matched cohort design.

Material and Methods
Study Cohort
This study was approved by the Yale Institutional Review Board (#2000032431) and adheres to the tenets of the declaration 
of Helsinki. The Yale Institutional Review Board waived the requirement of patient consent to review medical records due 
to the retrospective nature of the review. All data was anonymized and maintained confidentially. We conducted 
a retrospective review of the medical records of patients aged ≥40 who underwent XGS AEO implantation with 
mitomycin-C (MMC) at our institution from April 2021 to September 2023. We excluded eyes with preoperative IOP 
≤17 mmHg, closed-angle glaucoma, proliferative diabetic retinopathy, exudative age-related macular degeneration, or 
a history of prior XEN surgery. The initial considered cohort consisted of 83 eyes (10 with tenonectomy and 73 without). 
We matched eyes that underwent XGS AEO with tenonectomy to controls without tenonectomy using a nearest neighbor 
algorithm in a 1:3 ratio based on age, sex, race, preoperative IOP, and glaucoma severity using the R package MatchIt. The 
final matched cohort included 40 eyes from 38 patients, including 10 eyes with tenonectomy and 30 without.

Data Collection and Definitions
We recorded demographic and preoperative data from manual review of the electronic medical record, including age, sex, 
race and ethnicity, smoking status, hypertension, diabetes, and use of antiplatelet or anticoagulant medications. We recorded 
ocular characteristics including glaucoma type and severity, lens status (phakic or pseudophakic), prior glaucoma surgeries 
or laser procedures, and baseline preoperative IOP, number of IOP-lowering medications, and best-corrected visual acuity 
(BCVA). Glaucoma severity was determined by ICD-10 code and visual field criteria. We converted Snellen visual acuity 
measurements to logarithm of minimum angle of resolution (LogMAR) values for analysis.

We defined the primary outcome as surgical success over a one-year follow-up period. Surgical success required IOP 
≥6 mmHg under three different upper limit thresholds (≤21 mmHg, ≤18 mmHg, ≤15 mmHg) and IOP reduction ≥20% 
from baseline. We defined qualified success as maintaining this IOP range with the use of IOP-lowering medications, and 
complete success without IOP-lowering medications. We considered eyes that failed to meet these criteria at two 
consecutive time points to be a surgical failure. We censored patients who were lost to follow-up and had not failed 
the success criteria after their last follow-up office visit.

We assessed secondary outcomes including change in IOP, medication use, and visual acuity over time, as well as the 
occurrence of postoperative complications, interventions, and reoperations. We categorized complications as early 
(within 3 months) or late (after 3 months). We collected postoperative data at postoperative day 1 (day 1–3), week 1 
(day 4–14), month 1 (day 15–60), month 3 (day 61–122), month 6 (day123-122), and month 12 (day 273–456) and 
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calculated the average IOP value when multiple visits fell within the eligible follow-up window, per the World Glaucoma 
Association’s Guidelines on Design and Reporting of Glaucoma Surgical Trials.16

Surgical Technique
All procedures were performed or supervised by one of three fellowship-trained glaucoma surgeons using an ab externo 
open conjunctiva approach. A traction suture was placed through the superior limbus. Subconjunctival 2% lidocaine with 
1:100,000 epinephrine was injected into the superior subconjunctival space to achieve anesthesia and hemostasis. 
A superior peritomy was created and the subconjunctival area was dissected posteriorly. Mitomycin-C, 0.2mg/mL via 
injection or sponge, was applied to the subconjunctival space based on manufacture’s recommendation, followed by 
copious irrigation. The XEN injector needle was entered to the sclera 2mm superior to the limbus, and advanced towards 
the limbus through a scleral tunnel and deployed into the anterior chamber (AC). The position of the stent was adjusted 
with forceps, with 1mm in the AC and 3mm in the subconjunctival space. In eyes with prior glaucoma surgery, the stent 
was preferentially placed at least one clock hour away from prior surgical sites to minimize scarring risk and improve 
filtration. Here, a tenonectomy of approximately 3mm by 4mm was created at the surgeon’s discretion. The conjunctiva 
was then reapproximated to the limbus using interrupted 10–0 nylon or vicryl limbal anchoring sutures. The subcon
junctival portion of the stent was confirmed as straight, perpendicular to the limbus, and not tangled with Tenon’s capsule 
after conjunctival closure.

Postoperatively, all topical IOP-lowering agents were discontinued on the day of surgery. A topical antibiotic and 
topical 1% prednisolone acetate or difluprednate 4 times per day were initiated for the first week, and subsequently 
tapered at surgeon’s discretion. Medical management was titrated over time determined by clinical assessment of the 
postoperative eye.

Statistical Analysis
We compared baseline differences in demographic and preoperative characteristics between groups using Wilcoxon rank 
sum tests for continuous variables and Fisher’s exact tests for categorical variables. We performed Kaplan-Meier survival 
analysis with Log rank tests, adjusting for bilateral cases in the same patient, to evaluate the primary outcome of surgical 
success over a one-year follow-up period. We analyzed secondary outcomes using linear mixed-effects models to assess 
changes in IOP, medication use, and visual acuity over time, with the random subject effect accounting for correlation 
among multiple observations on the same patient. We compared rates of postoperative complications, interventions, and 
reoperations between groups using Fisher’s exact test. We used RStudio (Version 2024.04.2) for all statistical analyses, 
and set the significance level at p<0.05.

Results
Baseline Characteristics
A total of 40 eyes of 38 patients were included in the study, with 10 eyes undergoing XGS AEO with tenonectomy and 
30 eyes without tenonectomy. Baseline characteristics were similar between the two groups. The majority of patients 
were male in both the tenonectomy and non-tenonectomy groups (73% and 80%, respectively). The median age was 72 
years (interquartile range [IQR], 65–79). Most eyes (78%) had severe glaucoma, and most eyes (80%) had primary open- 
angle glaucoma. Other glaucoma types included 5 cases of pseudoexfoliative glaucoma, 1 case of pigmentary glaucoma, 
1 case of traumatic glaucoma, and 1 case of low-tension glaucoma. The median preoperative IOP was 22.0 (IQR, 20.0– 
25.0) mmHg in the tenonectomy group and 22.0 (IQR, 19.0–24.8) mmHg in the non-tenonectomy group. A higher 
proportion of eyes in the tenonectomy group had prior glaucoma surgery (50% vs. 30%; p=0.28). Mean recorded follow- 
up duration was 9.7 months, with 7 individuals, all in the non-tenonectomy group, lost to follow-up after the 6-month 
postoperative visit. There were no significant differences in demographic variables, including age, sex, and race, 
glaucoma severity, lens status, diabetes status, or prior glaucoma surgeries between groups (Table 1).
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Table 1 Demographics and Baseline Characteristics of 40 Eyes That Underwent Ab Externo Open Conjunctival 
XEN45 Gel Stent Implantation

Characteristic Overalla Tenonectomya No Tenonectomya p-valueb

No. eyes 40 (100%) 10 (100%) 30 (100%)

No. patients 38 10 28

Eye >0.99

Right eye 18 (45%) 4 (40%) 14 (47%)

Left eye 22 (55%) 6 (60%) 16 (53%)

Age (years) 72 (65, 79) 75 (65, 79) 72 (66, 80) 0.95

Sex >0.99

Female 10 (25%) 2 (20%) 8 (27%)

Male 30 (75%) 8 (80%) 22 (73%)

Recorded follow-up (months) 12.0 (6.0, 12.0) 12.0 (12.0, 12.0) 12.0 (6.0, 12.0) 0.19

Race/ethnicity >0.99

Non-Hispanic White 21 (53%) 5 (50%) 16 (53%)

Non-Hispanic Black or African American 15 (38%) 4 (40%) 11 (37%)

Hispanic or Latina/o/x 4 (10%) 1 (10%) 3 (10%)

Other 0 (0%) 0 (0%) 0 (0%)

Smoking status 0.70

Current smoker 6 (15%) 2 (20%) 4 (13%)

Former smoker 18 (45%) 5 (50%) 13 (43%)

Never smoker 16 (40%) 3 (30%) 13 (43%)

Hypertension 25 (63%) 6 (60%) 19 (63%) >0.99

Anticoagulation 11 (28%) 1 (10%) 10 (33%) 0.23

Diabetes 13 (33%) 5 (50%) 8 (27%) 0.25

Type of glaucoma 0.39

POAG 32 (80%) 7 (70%) 25 (83%)

Other open angle glaucoma 8 (20%) 3 (30%) 5 (17%)

Glaucoma severity >0.99

Mild 0 (0%) 0 (0%) 0 (0%)

Moderate 9 (23%) 2 (20%) 7 (23%)

Severe 31 (78%) 8 (80%) 23 (77%)

Lens Status 0.72

Phakic 20 (50%) 4 (40%) 16 (53%)

Pseudophakic 20 (50%) 6 (60%) 14 (47%)

(Continued)
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Primary and Secondary Outcomes
At postoperative month 12, we assessed success rates using IOP upper thresholds of ≤21 mmHg, ≤18 mmHg, and 
≤15 mmHg. At ≤21 mmHg, the cumulative probability of survival was 70% in the tenonectomy group and 55% in the 
non-tenonectomy group under qualified success criteria (p=0.43), and 40% and 37%, respectively, under complete 
success criteria (p=0.65). At ≤18 mmHg, the cumulative probability of survival was 60% and 52%, respectively, under 
qualified success criteria (p=0.58) and 40% and 38% under complete success criteria (p=0.72). At ≤15 mmHg, survival 
probability was 40% and 36%, respectively, for qualified success (p=0.91), and 30% and 27% for complete success 
(p=0.98). While the tenonectomy group had higher success rates across all thresholds, the differences were not 
statistically significant (Figure 1).

In terms of secondary outcomes, both groups demonstrated significant reductions in IOP from baseline at all 
postoperative time points. At postoperative month 6, mean IOP was reduced to 16.96 ± 2.08 mmHg in the tenonectomy 
group and 18.07 ± 1.19 mmHg in the non-tenonectomy group (p=0.64). At postoperative month 12, mean IOP was 14.83 
± 2.08 mmHg in the tenonectomy group and 16.88 ± 1.53 mmHg in the non-tenonectomy group (p=0.43). IOP-lowering 
medication burden also decreased significantly in both groups to 1.13 ± 0.38 agents in the tenonectomy group and 1.36 ± 
0.31 agents in the non-tenonectomy group at postoperative month 12 (p=0.64). Best-corrected visual acuity remained 
stable over the follow-up period, with no significant differences between groups at any time point (Figure 2).

Complications
Early complications, defined as events occurring within three months postoperatively, occurred in 30% of eyes in the 
tenonectomy group compared to 23% in the non-tenonectomy group (p=0.69). Choroidal effusion with or without 
accompanying shallow anterior chamber occurred in 20% of eyes with tenonectomy and 10% of eyes without. Hyphema 
(20% vs. 3.3%) and vitreous hemorrhage (10% vs. 0%) were more frequent in the tenonectomy group. Late complica
tions were rare, with one case of endophthalmitis (3.3%) reported in the non-tenonectomy group (Table 2).

Interventions and Reoperations
The proportion of eyes requiring any postoperative intervention was higher in the non-tenonectomy group (53%) 
compared to the tenonectomy group (30%), though this difference was not statistically significant (p=0.28). The rate 
of needling was similar (30% in the tenonectomy group vs. 27% in the non-tenonectomy group). Other interventions, 

Table 1 (Continued). 

Characteristic Overalla Tenonectomya No Tenonectomya p-valueb

Prior glaucoma surgery 14 (35%) 5 (50%)c 9 (30%)d 0.28

Prior laser procedure 25 (63%) 6 (60%) 19 (63%) >0.99

Baseline IOP (mmHg) 22.0 (19.0, 25.0) 22.0 (20.0, 25.0) 22.0 (19.0, 24.8) 0.89

Baseline visual acuity (logMAR) 0.47 (0.30, 1.00) 0.47 (0.30, 0.90) 0.47 (0.17, 1.00) 0.65

Baseline IOP-lowering medications 4.00 (3.00, 5.00) 3.50 (3.00, 5.00) 4.00 (4.00, 5.00) 0.35

Combined cataract extraction 0.70

Standalone 27 (68%) 6 (60%) 21 (70%)

Combined 13 (33%) 4 (40%) 9 (30%)

Notes: an (%); Median (IQR). bFisher’s exact test and Wilcoxon rank sum test with significance defined as P<0.05. cPrior glaucoma surgeries in the 
tenonectomy group included 1 trabeculectomy procedure, which additionally underwent bleb revision, 1 trabectome procedure, 2 gonioscopy-assisted 
transluminal trabeculotomy procedures, and 1 ab interno canaloplasty. dPrior glaucoma surgeries in the non-tenonectomy group included 5 trabecu
lectomy procedures, 2 of which additionally underwent bleb revision, 4 trabectome procedures, and 2 Baerveldt implants. 
Abbreviations: IOP, intraocular pressure; POAG, primary open angle glaucoma; LogMAR, logarithm of minimum angle of resolution; IQR, 
interquartile range.
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Figure 1 Kaplan-Meier plots of the probability of complete and qualified success under the definition of (A) complete success with 6 mmHg ≤ IOP ≤ 21 mmHg, (B) qualified 
success with 6 mmHg ≤ IOP ≤ 21 mmHg, (C) complete success with 6 mmHg ≤ IOP ≤ 18 mmHg, (D) qualified success with 6 mmHg ≤ IOP ≤ 18 mmHg, (E) complete 
success with 6 mmHg ≤ IOP ≤ 15 mmHg, (F) qualified success with 6 mmHg ≤ IOP ≤ 15 mmHg. IOP = intraocular pressure.
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including anterior chamber reformation (10%), paracentesis (6.7%), and selective laser trabeculoplasty (3.3%), were used 
only in the non-tenonectomy group. Reoperation rates were non-significantly lower in the tenonectomy group (20%) 
compared to the non-tenonectomy group (30%; p=0.70). Of the two reoperations in the tenonectomy group, one 
underwent trabeculectomy and one underwent gonioscopy-assisted transluminal trabeculotomy (Table 3).

Figure 2 Plots depicting (A) linear mixed effects model of IOP, (B) linear mixed model of the number of active compounds of IOP-lowering medications, (C) linear mixed 
effects model of BCVA for patients with open conjunctival ab externo XEN45 Gel Stent implantation that underwent tenonectomy (blue triangle) or did not (Orange circle). 
Data are presented as estimated marginal means ± standard error.

Table 2 Complications Following Ab Externo Open Conjunctival XEN45 Gel Stent Implantation 
with or Without Tenonectomy

Tenonectomy, N = 10 No Tenonectomy, N = 30

Early complication (<3 months)

Choroidal effusion with shallow angles 1 (10%) 2 (6.7%)

Choroidal effusion 1 (10%) 1 (3.3%)

Shallow AC 0 (0%) 1 (3.3%)

Hyphema 2 (20%) 1 (3.3%)

Vitreous hemorrhage 1 (10%) 0 (0%)

Persistent inflammationa 0 (0%) 1 (3.3%)

IOL dislocationb 0 (0%) 1 (3.3%)

Number of eyes with any early complicationc 3 (30%) 7 (23%)

Late complication (≥3 months)

Endophthalmitis 0 (0%) 1 (3.3%)

Notes: aPersistent inflammation was defined as anterior chamber cell at or beyond postoperative month 1. b IOL dislocation 
required surgical intervention for lens repositioning. cP=0.69 for the difference in number of eyes with any early complication. 
Some eyes experienced multiple complications but are counted only once for statistical comparison of complication rate. 
Abbreviations: AC, Anterior chamber; IOL, intraocular lens.
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Discussion
Our study retrospectively compares eyes undergoing XGS AEO which received tenonectomy to those that did not. 
Tenonectomy has been studied in the past in various glaucoma surgeries, but there have been conflicting results regarding 
its benefits. While the XGS AEO has gained popularity in recent years, few studies have evaluated the addition of 
tenonectomy to this procedure. In this single-center cohort, both techniques significantly lowered IOP and reduced 
medication burden. Although between group differences were not statistically significant, the tenonectomy group trended 
towards higher success rates and fewer interventions and reoperations, but slightly more complications.

At one year, eyes undergoing tenonectomy consistently demonstrated higher survival probabilities, although these 
differences were not statistically significant (70% vs. 55% at ≤21 mmHg; 60% vs. 52% at ≤18 mmHg; 40% vs. 36% at 
≤15 mmHg under qualified success criteria). Lack of statistical significance likely reflects limited power due to our small 
sample size rather than true equivalence in this setting. This may support the theoretical advantage of reduced post
operative scarring and therefore lower failure risk after tenonectomy. A retrospective study by El Helwe et al, which used 
a 2–3mm perilimbal tenonectomy as part of their standard XGS AEO technique, reported qualified and complete success 
rates of 62% and 29%, respectively, for maintaining IOP ≤18mmHg at 1 year, which was significantly higher than the 
success in the ab externo closed conjunctiva (AEC) comparison group17 The success rates in our study were similar. Of 
note, El Helwe et al compared an AEO technique with tenonectomy to AEC, which differ on multiple fronts including 
conjunctival dissection which may decrease outflow resistance and improve bleb morphology, whereas our study isolated 
use of tenonectomy in the AEO technique17,18 An additional plausible explanation for the lack of significant difference in 

Table 3 Postoperative Interventions and Reoperations Following Ab Externo Open Conjunctival 
XEN45 Gel Stent Implantation with or Without Tenonectomy

Tenonectomy, N = 10 No Tenonectomy, N = 30

Intervention

Needling/5-FU 3 (30%) 8 (27%)

5-FU alone 1 (10%) 4 (13%)

AC reformation 0 (0%) 3 (10%)

Paracentesis 0 (0%) 2 (6.7%)

YAG capsulotomy 0 (0%) 2 (6.7%)

SLT 0 (0%) 1 (3.3%)

Vitreous tap and intravitreal antibiotics 0 (0%) 1 (3.3%)

Number of eyes with any interventiona 3 (30%) 16 (53%)

Reoperationb 2 (20%) 9 (30%)

XEN revision 0 5

Trabeculectomy 1 1

Ahmed tube 0 1

Cataract extraction and XEN revision 0 1

Cyclophotocoagulation 0 1

Gonioscopy-assisted transluminal trabeculotomy 1 0

Notes: a P=0.28 for the difference in number of eyes with any intervention. Some eyes underwent multiple interventions but are 
counted only once for statistical comparison of intervention rate. bP=0.70 for the difference in eyes with reoperation. 
Abbreviations: 5-FU, 5-fluorouracil; AC, Anterior chamber; YAG, Yttrium Aluminum Garnet; SLT, Selective laser trabeculoplasty; 
XEN, XEN45 Gel Stent.
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our groups is that the narrow lumen of the XGS device may be the limiting factor for aqueous outflow, which could 
supersede any effect of tenonectomy in long-term IOP reduction. Even so, we suggest that tenonectomy may still be 
considered especially in cases of significant Tenon’s thickening or where scarring risk is elevated, without compromising 
the overall success of XGS AEO implantation.

The success rates in our XGS AEO cohort are similar to those reported in other studies evaluating the XEN stent, which 
range from 48.6% to 83%, compared to 55–70% in our study.8,9,17,19–22 One previous retrospective analysis of 44 eyes 
undergoing XGS AEO with tenonectomy reported a somewhat lower success rate of 43%.23 This discrepancy may be due 
to differences in the patient population for that study, which did not exclude patients with previous XEN surgery nor 
advanced comorbid eye disease that could have impacted the success rates. In contrast, a small retrospective case series of 
six eyes with refractory glaucoma treated with XGS AEO and tenonectomy reported a 100% success rate, with no 
complications or changes in visual acuity after a one-year follow-up.13 Unlike these prior studies, which only evaluated 
eyes undergoing XGS AEO with tenonectomy without a comparison group, we conducted a direct comparison to similar 
eyes without tenonectomy. While evidence supporting the use of tenonectomy in adult patients with glaucoma is limited, 
these findings suggest that tenonectomy may indeed be a suitable option for those at elevated risk of fibrosis. Future 
investigation with larger, prospective randomized trials is warranted to validate its role and refine patient selection criteria.

Most complications in our study were minor, and most cases had no severe adverse events. Eyes in the tenectomy group 
trended towards a slightly higher rate of early postoperative complications (30% vs. 23%). This may be attributable to the 
more invasive nature of the procedure. The higher incidence of bleeding-related complications such as hyphema (20%) and 
vitreous hemorrhage (10%) may result from the disruption of normal vascularized tissue barriers and exposure blood 
vessels following removing Tenon’s capsule, increasing the risk of intraoperative and postoperative bleeding. Additionally, 
as Tenon’s capsule contributes to normal wound healing, tenonectomy may interfere with tissue healing making and 
increase susceptibility to hemorrhage.2–4 Only one individual in the tenonectomy group was on anticoagulant therapy; this 
eye did not experience any early complications. Even so, because of this potential risk, additional caution may be taken 
when considering tenonectomy among patients using anticoagulants to reduce the risk of hemorrhagic events. Of note, 
despite the more extensive dissection involved in tenonectomy, no cases of XGS implant exposure occurred in either group. 
One theoretical concern with tenonectomy is that reduced tissue coverage may increase the risk of implant exposure. The 
absence of such cases in our study could reflect limited sample size, but it may also be that the small, gelatinous, flexible 
nature of the XGS make it resistant to erosion and exposure, even in the setting of reduced overlying tissue. This 
observation may further support the safety profile of the tenonectomy during AEO XGS implantation.

Eyes undergoing tenonectomy required non-significantly fewer postoperative interventions than those without tenonect
omy. Tenonectomy may promote a more stable early postoperative bleb environment, reducing the need for additional 
management. However, tenonectomy did not reduce the rate of postoperative bleb needling in our study (30% vs. 
27%). Needling revision is typically required to address fibrotic tissue or insufficient flow in the bleb, and it has been 
hypothesized that tenonectomy may reduce to reduce the need for such interventions by removing Tenon’s capsule, a major 
contributor to fibrosis.3,24,25 Reported rates of needling after XEN stent implantation range from 28.4% to 42% compared to 
30% in our tenonectomy group.26–29 In contrast to our results, a previous study examining outcomes of patients who 
underwent XGS AEO with tenonectomy reported a needling rate of 18% and concluded that tenonectomy reduces the rate 
of postoperative needling.23 El Helwe et al observed a needling rate of only 2% in their AEO group with tenonectomy, 
compared to 27% in the AEC group17 While some studies align with the hypothesis that removing Tenon’s capsule can 
improve bleb morphology and function, its effect on reducing needling rates remains unclear. Surgical technique, patient- 
specific healing responses, and other perioperative factors may also significantly influence the need for postoperative needling.

This study has several limitations. We report early and intermediate postoperative events through a 12-month follow- 
up period, but this is relatively short for assessing very long-term fibrosis-related bleb failure. The retrospective design 
introduces potential biases, as it does not allow for control over variations in surgical techniques or clinical decision- 
making among surgeons. However, all procedures were performed or supervised by experienced glaucoma specialists, 
ensuring a consistent expert standard of care. Importantly, due to our non-randomized design, eyes selected for 
tenonectomy may have been those already at higher risk for failure. To address this, we employed a matching algorithm 
to balance baseline characteristics, though there may remain unaccounted-for confounding factors which are not recorded 
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in the electronic health record and influenced both the decision to perform tenonectomy and the final outcomes. The 
small sample size, particularly in the tenonectomy group, limited the statistical power, such that clinically meaningful 
differences may not reach statistical significance. Lastly, the inclusion of secondary glaucoma types, such as traumatic 
glaucoma, may have a higher risk of surgical failure due to their complex pathology. Future work may focus on primary 
open-angle glaucoma, where XEN implantation is most commonly indicated. Future prospective studies with larger 
sample sizes and extended follow-up are important to validate our short-term preliminary results and better characterize 
the role of tenonectomy in glaucoma surgery.

Conclusion
In this preliminary study, XGS AEO with tenonectomy was associated with a trend toward higher survival probability 
and fewer reoperations and interventions compared to XGS AEO without tenonectomy, at the cost of slightly more 
hemorrhagic complications. These clinical patterns suggest that tenonectomy may be a reasonable option for patients at 
elevated risk for fibrosis. However, these findings should be interpreted as hypothesis-generating rather than definitive, 
and larger randomized studies are warranted to confirm this hypothesis.

Abbreviations
AEO, ab externo open conjunctiva; IOP, intraocular pressure; MIGS, microinvasive glaucoma surgery; XGS, XEN45 Gel 
Stent; MMC, mitomycin-C; BCVA, best-corrected visual acuity; LogMAR, logarithm of minimum angle of resolution; 
AC, anterior chamber; IQR, interquartile range; AEC, ab externo closed conjunctiva.
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